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Foreword

Dear Colleagues,

Congratulations on having the courage to buy this book!

I am quite sure that you will find it very useful. I would also like to congratulate myself, because it’s not every day you get the opportunity to write the foreword to a bestseller.

You are probably wondering why I am so sure that this book will be a bestseller. Well, let me take you back to 2011. When I took over as editor-in-chief of “Quintessence Dentistry“, I asked the “Tröltzsch brothers” (Markus and Matthias, both of whom I had trained as students at my former university) if they would like to join my editorial team. When I was reorganizing the editorial team, I immediately thought of the two of them (who at the time were still future oral and maxillofacial surgeons) when we launched the “General Medicine” section. We were all convinced that this aspect of horizontal networking with medicine would become more and more important for dentists, and thus for our readers, from year to year in times of demographic change with its characteristic and expected aging and multimorbidity of German society. This was one of my best decisions, because the concept was a complete success: Today, it is impossible to imagine “Quintessence Dentistry” without this section.

The next logical step was to publish a book for dentists based on the newly created section. The many pharmacologic aspects, tips, and checklists alone make this book worth buying. In addition, there are many other topics - from cardiovascular risk to pulmonary and gynecologic issues - that need to be considered in dental practice.

Dentistry is medicine; that has always been clear. But the COVID-19 pandemic has made this even clearer, because the oral cavity is and remains the first line of defense against invaders, and oral immunocompetence is more important than ever. This book is the first time that everything has been brought together in a really tangible, stringent, and logical way, making it a must-read for every dentist.

Prof Dr Roland Frankenberger




Preface

How are medicine and dentistry related? Are they independent disciplines, or is dentistry simply a branch of medicine? This question is not easy to answer, and if you look at the curriculum of each degree program, you will find very little content from the other.

Medicine plays a crucial role in dentistry because dentists often see patients more frequently than other doctors. Consequently, the medical aspect becomes quite significant, particularly for early interventions. Dentists are in a great position to facilitate early diagnosis of multiple internal diseases and interdisciplinary treatment, often resulting in decreased hospitalization in older adults and improved quality of life. The widely debated effects of an aging population underscore these realities and emphasize the importance of medical expertise in routine dental practice.

Even under these circumstances, medical content remains a minor part of dental studies. The demanding core subjects like prosthodontics, operative dentistry, and periodontology as well as lab work leave limited time to explore other fields. At the same time, most specialist programs have a requirement for at least 5 years of training after medical school. Yet today’s dentists are expected to possess extensive medical knowledge for both treatment purposes and increasingly for forensic reasons. But when and how are they supposed to acquire this knowledge?

Although it is possible to acquire this knowledge independently, finding literature that balances detail with practical application can be challenging. This book has been written for precisely that reason. It aims to equip you, dear reader, with the essential medical knowledge needed for day-to-day dental practice.

The invitation from Prof Dr Roland Frankenberger to oversee a portion of the German dental magazine „Quintessence Dentistry“, which disseminates medical knowledge for dentists, led to an influx of technical questions from readers. These inquiries, along with numerous discussions in our courses, inspired the creation of this book and influenced its structure.

The initial chapter offers a concise review of fundamental concepts, followed by the second chapter, which focuses on pharmacologic information. The third chapter, both extensive and detailed, addresses prevalent medical issues, spanning from cardiovascular conditions to gynecology. All chapters provide essential background knowledge in a clear and succinct manner.

The concluding chapter, titled “Medical knowledge for the Dental Team“, concentrates on essential information required to ensure the well-being of both dentists and their support staff.

Over the years, we have meticulously chosen our authors, and we are thrilled to have so many topnotch specialists involved in this project. An extraordinary accomplishment of theirs has been to encapsulate their expertise within a strict framework. We would like to take this moment to express our gratitude to all who contributed to this book, particularly those behind the scenes. Special thanks go to Mr Wolters and Mr Meenen of Quintessence Publishing Berlin (both now retired), whose dedication made this project possible. Additionally, Mrs Hatten-bach provided unwavering commitment while completing the book with us.

The COVID-19 pandemic highlighted the critical role of hygiene in dental practices and the potential dangers posed to dental teams by oral pathogens. Thankfully, we have overcome the primary obstacles, allowing us to look ahead with optimism. For many months, the uncertainty brought about by COVID-19 affected the outlook for our dental practices and our professional lives. This book delves into that period of uncertainty.

Each article in the book is written to stand on its own and can be read individually according to the topic of interest. We hope you find this book useful and thank you for your time in reading it. If you have any questions or comments, please do not hesitate to contact us at conference@dr-troeltzsch.de.

Yours,

Markus Tröltzsch

Philipp Kauffmann

Matthias Tröltzsch
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Additional material

This book contains many checklists and additional material.

You can access them using this QR code or via the link https://video.qvnet.de/b20791/
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Anatomical Basics

Markus Tröltzsch, Philipp Kauffmann, Matthias Tröltzsch
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The head and neck region includes complex hard and soft tissue structures.

Innervation and vascular supply are symmetric and lateral through the main branches of the trigeminal nerve and the carotid artery.

There are close anatomical relationships between the oral cavity, the paranasal sinus, the pharynx, the base of the skull, and the ear.



This chapter presents anatomical information that is important for everyday practice. While it cannot replace the study of an anatomy textbook, it briefly summarizes the key aspects relevant for everyday dental practice. Knowledge of the anatomy of the face and oral cavity is fundamental to dental therapy. The interactions of hard and soft tissue, musculature, vessels, and nerves must be taken into account in diagnosis and treatment planning. The information presented on the anatomy of the organs is intended to provide a better foundation for the chapters that involve the respective organ systems.


Introduction

The term anatomy is derived from the Greek word anatemein (“to cut open“).3 Anatomy is the basis of all surgical activity. Only through its exact knowledge is it possible to learn and master the surgical craft. This chapter is intended to provide a rough overview of the individual organ systems and, as such, knowingly refrains from being exhaustive. For more comprehensive teaching of the complex anatomy, reference should be made to special textbooks and atlases developed for that purpose.



Basics

The basic building block of every living being is the individual cell. A wide variety of cell types exist that are specialized for different tasks and must function throughout the organism. For example, red blood cells transport oxygen; they are called erythrocytes. Nerve cells (neurons) serve to transmit electrical signals, and muscle cells convert movement information into motion. This list can go on and on. Which function a cell assumes in the body is determined in its genetic programming. This information is stored in our DNA, which also determines the cell type into which the cell develops or differentiates.5

A group of similarly differentiated cells is referred to as tissue. A distinction is made between epithelial tissue, connective and supporting tissue, and nervous tissue. In summary, we can state that epithelial tissue covers surfaces, absorbs substances, and secretes and conveys information in the form of sensory cells. Connective and supporting tissue surrounds organs, vessels, and nerves; it serves to stabilize bones, ligaments, and muscles and fulfills metabolic, defense, and storage functions. Muscle tissue, as specialized connective and supporting tissue, provides movement and heat generation through contraction. A special feature here is the cardiac muscle tissue, which is capable of transmitting stimuli and even generating them itself. The transmission of signals via action potentials at cell processes (axons) is characteristic of neurons.5
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Fig 1 Location and directional designations. (Modified after Benninghoff and Drenckhahn.3)



Table 1 Proportion of various organs and tissues in total body weight in a normal-weight person (70 kg)



	Skeletal muscles
	40%



	Fat and connective tissue
	25%



	Bones
	15%



	Breast and abdominal viscera
	10%



	Blood
	7%



	Nervous system
	3%





Different cells and tissues form different functional units in the body; we refer to these functional units as organs. The functional classification of the human body is based on organ systems: skeletal and muscular system, digestive system, respiratory system, urinary system, genital system, cardiovascular system, lymphatic system, endocrine system, nervous system, sensory organs and skin, and skin appendages. Table 1 provides an overview of the percentage of different organs and tissues in the total body weight of a normal-weight person (70 kg).3

In addition to the functional classification according to organ systems, knowledge of the body’s positional and directional designations is important. Knowledge of these terms allows for unequivocal descriptions and orientation, especially in collegial communication. Figure 1 summarizes the most important levels and positional relationships.



Head

For the dentist, knowledge of head anatomy with a special focus on the oral cavity is essential. Figure 2 shows a bony skull in frontal view.
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Fig 2 Skull from the front. (Reprinted from Radlanski and Wesker.12)



In addition to providing movement functions, the facial musculature allows us to express emotion individually. Figure 3 summarizes the facial mimicry musculature.

The oral cavity is the dentist’s main area of work. This often-underestimated area of the human body reflects many systemic diseases of various medical specialties. While these systemic diseases must be managed by different specialists, recognition of pathology by the dentist is often the beginning of the diagnostic chain and can have serious and sometimes fatal consequences if missed. Dentists are indeed specialists of the teeth and oral cavity and play a vital role in medicine.

Figure 4 shows a sagittal section of the head with the anatomical structures labeled. The oral cavity is innervated bilaterally by different nerves. The branches of the infraorbital nerve are responsible for the sensitive innervation of the vestibular mucosa of the maxilla in the anterior region. This function is performed in the dorsal region by branches of the superior alveolar nerve, the small branches of which are supplied via the maxillary tuberosity in the anterior region of the maxilla. In the palatal region, sensation is provided by the major and minor palatine nerves and, in the region of the incisive papilla, by the incisive nerve. In the mandible, sensation is provided to the mucous membranes in the tongue and floor of the mouth by branches of the lingual nerve. This is somewhat more complicated vestibularly in the mandible (dorsal: buccal nerve; anteriorly: branches of the mental nerve arising from the inferior alveolar nerve).
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Fig 3 Representation of the facial muscles. (Reprinted from Radlanski and Wesker.12)
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Fig 4 Sagittal section through the head with naming of the anatomy. (Reprinted from Radlanski and Wesker.12)



This strictly organized system allows the dentist to anesthetize large parts of the oral mucosa by skillful placement of a local anesthetic depot (Fig 5).



Trunk

The trunk is divided into three sections: thorax (chest), abdomen, and pelvis. The back is considered a separate region. In anatomy, the positional relationship of the organs to one another is described as topography. Figure 6 shows the position of the torso viscera. The thoracic cavity has no clear demarcation toward the neck, but toward the abdomen this demarcation is the diaphragm. The most caudal portion of the abdominal cavity continues into the pelvic cavity. Figures 6 and 7 show the position of the major organs in relation to each other and the structure of the trunk.
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Fig 5 Innervation of oral structures by branches of the trigeminal nerve. (Modified after Benninghoff and Drenckhahn.3)
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Fig 6 Topography of the torso. (Modified after Benninghoff and Drenckhahn.3)
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Fig 7 Structure of the trunk. (Modified according to Benninghoff and Drenckhahn.3)





General anatomy of the head and face


Hard tissues

In the dental field, the mandible and maxilla in particular are crucial as bony structures. The mandible is one of the few unpaired bones in the human body and is divided into the symphyseal region (anterior), the corpus (lateral), the mandibular angle, the ascending branch (ramus ascendens), the mandibular neck (collum mandibulae), and the mandibular condyle (caput mandibulae). Together with the articular fossa of the temporal bone, this forms the temporomandibular joint (TMJ).13

The maxilla is a paired bone and consists of the tooth-bearing alveolar process and various processes toward the zygomatic bone, frontal bone, and other facial cranial bones. The maxilla forms the major part of the orbital floor. The maxilla contains the maxillary sinus, which is connected to the ethmoid bone and the nasal cavity by the so-called “hiatus semilunaris.” The hard palate also forms the floor of the nose and is formed by the maxilla on both sides.

The alveolar process of both the maxilla and the mandible is the tooth-bearing portion. The volume stability of the alveolar process is guaranteed by the teeth. In case of tooth loss, the alveolar process resorbs because its functional load is missing (Fig 8).
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Fig 8 The facial skeleton in the lateral view, with the bone shown in color for illustration purposes. (Reprinted from Radlanski and Wesker.12)






Nervous structures


Trigeminal nerve

The 5th cranial nerve establishes sensibility in the facial and oral area and provides motor supply to the masticatory muscles, the floor of the mouth muscles (anterior belly of the digastric and mylohyoid muscles), and the muscles in the ear (tensor veli palatini, tensor tympani muscles).2 The main trunk divides into three main branches—the ophthalmic nerve (V1), the maxillary nerve (V2), and the mandibular nerve (V3)—just after exiting the cranial fossa. Shortly before entering the mandible, the lingual nerve branches off from the mandibular nerve and continues forward on the inner side of the mandible.


The following anatomical considerations are particularly relevant for everyday dental practice:


	 The anatomical proximity of the trigeminal nerve to the TMJ must be noted.

	 The maxillary nerve (V2) conducts the sensibility of the maxillary teeth and the maxillary sinus.

	 The lingual nerve can lie very close under the mucosa.
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Fig 9 Mandible with mandibular nerve in oblique view. (Reprinted from Radlanski and Wesker.12)
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Fig 10 Lateral view of the right TMJ region after removal of the mandibular ramus and part of the zygomatic arch, illustrating the course of the nerves in the region. (Reprinted from Radlanski and Wesker.12)




[image: ]


Fig 11 The main branches of facial trigeminal innervation in lateral view. (Reprinted from Radlanski and Wesker.12)





Facial nerve

The 7th cranial nerve supplies the facial mimicry musculature. After dividing in the parotid gland, the nerve branches to then approach the surface and thus the facial musculature from the basal. In front of the parotid gland, branches are delivered to the ear, the posterior belly of the digastric muscle, and the mylohyoid muscle.13


The following anatomical consideration is particularly relevant for everyday dental practice:


	 In rare cases, local buccal and retromolar anesthesia may also result in a passive restriction of the facial nerve.
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Fig 12 Nerves in relation to the position of the facial musculature. (Reprinted from Radlanski and Wesker.12)





Anatomy of the facial soft tissues

The macroscopic appearance of the face results from the interaction of the anatomy of hard and soft tissues. The macro- and microanatomy of muscles (superficial and deep), fasciae, salivary glands, fat pads, and skin play a decisive role. The microscopic anatomy of the skin, consisting of epidermis and dermis with hair roots, is shown in Fig 13. The skin’s appearance is largely determined by the composition of the dermis, with collagenous and elastic fibers and the matrix of mucopolysaccharides and hyaluronic acid.4 The elastic fibers provide the skin’s restoring force in response to changes in facial expression.4 Directly under the dermis are fat pads (periorbital, temporal [cheek], nasolabial), which are volumedetermining for the facial shape, act as a displacement layer to the mimicry musculature, and are connected to each other and to the underlying fascial tissue by connective tissue structures14 (Fig 14).
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Fig 13 Schematic representation of the histologic structure of the skin.
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Fig 14 Schematic representation of the facial mimicry muscles (right) and localization of important subdermal fat pads (left).



The underlying fascial tissue encases the mimicry musculature and extends as a connective tissue system from the neck (platysma) through the cheeks (here it covers the parotid gland) to the zygomatic arch and from there on into the superficial temporalis fascia.7,9,16 This layer (superficial musculoaponeurotic system [SMAS]) is crucial for connecting the movements of the mimicry musculature with the expression of the skin and is considered to be the central tissue for face “lift.”15–17 The branches of the facial nerve are located preauricularly under the SMAS and only come to the surface medially.15 However, in the temporal fascia area, the superficial location of the temporal branches of the facial nerve is noteworthy.9,16 The mimicry muscles form part of the SMAS (see Fig 13). The muscles located there are supplied by the facial nerve predominantly from the basal. They determine the facial expression and are responsible for the formation of mimic wrinkles in old age (frown lines, worry lines, “crow’s feet”, perioral wrinkles, etc).6,8,17 Under the mimicry musculature there are more fat pads and connective tissue (eg, the Bichat fat pad). These serve as a displacement layer and cover the superficial sheet of deep cervical fascia, which extends cranially from the sternocleidomastoid muscle, encircles the parotid gland, contains the masseter muscle, and continues to the zygomatic arch.11



Vascular structures

The arterial supply to the face and mouth is established by branches of the external carotid artery. In particular, the facial artery, which moves cranially around the mandible at the level of the molars, and the transverse facial artery, which moves ventrally in front of the temporomandibular joint, carry the main part of the supply.13 Venously, the facial vein and the pterygoid plexus correspond most closely to these arteries.

Both the facial artery and facial vein communicate with intracranial vascular structures at the medial corner of the eye.

Intraorally, the course of the palatine and sublingual arteries is of particular importance, as both can be injured during surgical procedures1 (Figs 15 to 17).


The following anatomical considerations are particularly relevant for everyday dental practice:


	 Through communication of the facial vessels with intracranial structures, inflammatory events of the maxilla in particular can be conducted to the brain via the medial corner of the eye.

	 The sublingual artery can be compromised during interforaminal implant placement and cause an oral floor hematoma.

	 The palatal artery can be injured, for example when lifting a palatal mucosal graft.
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Fig 15 The arterial supply of the face. (Reprinted from Radlanski and Wesker.12)
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Fig 16 Intraoral view of the maxilla showing the dentition and the underlying anatomy. (Reprinted from Radlanski and Wesker.12)
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Fig 17 Intraoral view of the mandible showing dentition and the underlying anatomy. (Reprinted from Radlanski and Wesker.12)





Musculature

In dental practice, two muscle groups are particularly important: the floor of the mouth muscles and the masticatory muscles.



Mouth floor muscles

The floor of the mouth is formed primarily by the mylohyoid muscle. Below it lies the digastric muscle, and above it the geniohyoid muscle.

The lingual insertion of the mylohyoid muscle is ascending. That is, on the chin the insertion is close to the mandibular margin, whereas in the molar region it is significantly higher.1,12

The tongue with its complex muscular structure rests on the floor of the mouth. The muscles consist of the tongue’s own parts and those muscles that radiate into the tongue from the periphery. The internal tongue muscles include, among others, the superior and inferior longitudinal muscles and the transverse muscle. The external tongue muscles include the genioglossus muscle, which originates from the mental spine; the styloglossus muscle, which pulls into the tongue from the styloid process; the hyoglossus muscle, whose origin is at the hyoid bone; and the palatoglossus muscle, whose fibers originate in the soft palate.
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Fig 18 Dorsal view with vertical section through the TMJ region. (Reprinted from Radlanski and Wesker.12)




The following anatomical consideration is particularly relevant for everyday dental practice:


	 A lingual perforating inflammatory process will spread to the mylohyoid muscle depending on its location. If the perforation occurs below the muscle, the spread tends to be to the submental area/neck area; if above it, the spread tends to be to the floor of the mouth/sublingual area.
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Fig 19 Right TMJ region with opened joint capsule and lateral pterygoid muscle in lateral view. (Reprinted from Radlanski and Wesker.12)





Masticatory muscles

The following four muscles are included in the masticatory musculature:


	 Masseter muscle (main function: jaw closure)

	 Temporalis muscle (main function: jaw closure as well as retrusive movement)

	 Lateral pterygoid muscle (main function: opening of the jaw, protrusion as well as laterotrusion movements)

	 Medial pterygoid muscle (main function: jaw closure)



They are all innervated by the trigeminal nerve; in addition, the masseter and medial pterygoid muscles together form a loop around the mandible.13


The following anatomical consideration is particularly relevant for everyday dental practice:


	 On palpation, an excessively pressured lateral pterygoid muscle may indicate bruxism.








Special anatomy of the head and face


TMJ

This paired joint is formed by the mandible (joint head) and temporal bone (socket). Behind it lie the auditory canal and the inner ear. Between the condyle and the socket lies the articular disc, which is held in position by ligaments. This disc has a depression in the center in which the condyle comes to rest physiologically in the rest position. The TMJ is surrounded by a joint capsule that is densely innervated by branches of the trigeminal nerve (Fig 19).


The following anatomical considerations are particularly relevant for everyday dental practice:


	 The TMJ is innervated by branches of the trigeminal nerve.

	 The TMJ and the hearing organ are closely related.
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Fig 20 Frontal section through the maxillary sinus at the level of the first molar. (Reprinted from Radlanski and Wesker.12)





Maxillary sinus

The maxillary sinus is located in the maxilla and communicates with the nasal cavity via the middle nasal meatus. The alveolar ridge and the palate form the caudal boundary and the orbital floor the cranial boundary. There is a close positional relationship with the roots of the maxillary teeth (Fig 20).


The following anatomical considerations are particularly relevant for everyday dental practice:


	 The roots of the maxillary molars in particular but also the maxillary premolars can protrude into the maxillary sinus.

	 The maxillary teeth and maxillary sinus are innervated by the maxillary nerve (V2).







Periodontal apparatus

The teeth are movably fixed in the tooth socket by the fibers of the periodontal ligament. The crestal interface is established at the base of the gingival sulcus by the supra-alveolar fibrous apparatus. The sulcus itself is lined by stable sulcus epithelium10 (Fig 21).
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Fig 21 Sagittal section through a tooth with periodontium. One of the numerous lateral canals in the tooth root is also shown slightly enlarged. (Reprinted from Radlanski and Wesker.12)
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The skeleton performs various tasks. Besides locomotion, stability, and protection for the internal organs, the hard tissues of the body act as calcium and phosphate stores.

The so-called “bone remodeling” is mainly controlled by parathyroid hormone and calcitriol (hydroxylated vitamin D).

The majority of the skeleton consists of lamellar bones.




The skeleton: Basics and morphology

The human skeleton consists of 213 smaller and larger bones and numerous sesamoid bones.4,20 Sesamoid bones are bones that are embedded in tendons and favorably influence the biomechanics of muscle traction mediated by the tendons.20 The largest sesamoid bone is the patella (kneecap) embedded in the tendon of the quadriceps femoris muscle.20 The skeleton and bones are active as an organ system and have multiple functions4,16,20:


	 Supporting tissue and point of origin and attachment for the musculature

	 Protective function for the brain and internal organs

	 Locomotion

	 Regulation of calcium and phosphate balance



The skeleton contains different types of bones. While the bones of the extremities tend to be tubular in shape (long bones), the bones of the skull and pelvis tend to have a flatter structure (flat bones).20 Basically, a long bone consists of different, functionally significant parts (Fig 1a). The parts close to the joint are called epiphyses. The epiphyses are connected to the diaphysis (middle section) via the metaphysis.20,21 The bone is separated from its surroundings by the periosteum, which is divided into an outer protective layer rich in fibers and an inner layer rich in cells and vessels, the cambium.4,23,24 The inner surface of long bones is lined by the endosteum, which is structurally and functionally similar to the cambium.20,23 Both hold precursor cells of osteoblasts, from which bone remodeling and regeneration originate4,16 (Fig 1b).
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Fig 1a Schematic representation of a long bone with regional anatomical designations.
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Fig 1b Schematic representation of the anatomical structure of a long bone.



Structurally, cortical bone is distinguished from cancellous bone 4,9,20,21,23 (Fig 1b). Cortical bone (very dense, highly mineralized, and stable) is localized in the diaphyseal region, while cancellous bone (looser and somewhat less mineralized) is located more in the epiphyseal region.4 The bone marrow is intercalated between the cancellous bone alveoli.20 Each bone contains different proportions of cortical and cancellous bone.4



Embryology and histology of bone

Bone is one of the connective and supporting tissues of the body and originates from the mesenchymal cotyledon.16,22 Two basic embryologic mechanisms of bone formation are distinguished16,22:


	 Desmal ossification

	 Chondral ossification



In desmal ossification (Figs 2 and 3), bone formation occurs directly from mesenchymal tissue.4,16,22 This is the case for the squamosal portions of the cranial skeleton as well as the mandible and clavicle. In chondral ossification, a cartilaginous preskeleton is first created (Fig 4). As it progresses, beginning in the diaphysis, cartilage is gradually replaced by bone (perichondral ossification, Figs 2 and 5)4,16,20– 22 until only a narrow zone of cartilage remains at the junction of the diaphysis and epiphysis. During the process of enchondral ossification, the cartilage cells in the growth plate proliferate and take on a columnar shape, thus “pushing” the epiphysis ahead of them16,20–22 (Figs 2 and 5). Further length growth of the bones after birth also occurs by this mechanism.22
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Fig 2 Steps in the embryonic development of a long bone.




Cells and histologic structure of bone

Different cell groups are responsible for the formation, maintenance, repair, and resorption of bone. The most important role is played by osteoblasts. They are recruited from pluripotent stem cells that differentiate into osteoprogenitor cells under the influence of special growth factors.4 Osteoblasts not only produce the basic bone substance, the osteoid, and regulate mineralization, but they are also the central control cells of bone metabolism.

The organic matrix of bone, the osteoid, is initially built up by the processes of bone formation, remodeling, and repair.4,16,23 Osteoid consists of collagen fibers (90% collagen I)16 and proteoglycans (macromolecules with several covalently bonded carbohydrate groups).16,23 In addition, numerous noncollagenous proteins are embedded in the osteoid (important representatives include alkaline phosphatase and osteocalcin).4,16 This organic matrix is formed by osteoblasts under the control of numerous growth factors4,16 Secondarily, mineralization of the osteoid occurs through the incorporation of calcium phosphate and formation of hydroxyapatite.4,16 In this process, the necessary calcium and phosphate are released from vesicles in high concentrations, which are also sequestered by osteoblasts.4,16 Mature cortical bone consists of 60% to 70% inorganic hydroxyapatite, 20% to 40% organic osteoid, and small amounts of water and lipids.5 In the regulation of mineralization and the binding of hydroxyapatite, the protein osteocalcin plays an essential role.16 Initially, “disordered” fibrous bone is formed in which the collagenous fibers are not aligned according to stress and strain lines.23,28 Functional loading results in parallel and radial arrangement of the fibers forming lamellar bone4,16,28 (Fig 6). Fibrous bone and lamellar bone differ not only in their degree of order but also in their degree of mineralization and biomechanical strength.23,28
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Fig 3 Histologic image of desmal ossification (hematoxylin-eosin stain). (Courtesy of Prof Dr M. Eichhorn.)
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Fig 4 Histologic image of mature cartilage (here rib cartilage; hematoxylin-eosin stain). (Courtesy of Prof Dr M. Eichhorn.)
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Fig 5 Histologic image of enchondral ossification. The transition zone from cartilage (lighter) to bone (redder) is clearly visible (hematoxylin-eosin stain). (Courtesy of Prof Dr M. Eichhorn.)
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Fig 6 Cross section through lamellar bone. The concentrically arranged bone lamellae around the central Haversian canals are clearly visible (hematoxylin-eosin stain). (Courtesy of Prof Dr M. Eichhorn.)



Through constant bone apposition (production of osteoid and mineralization), the osteoblasts build up and mature into osteocytes. These are hardly synthetically active but provide for the nutrition of the bone and control necessary, functionally conditioned build-up and degradation processes.19 They are connected by long extensions through complex cell-cell connections (“gap junctions”) and form a kind of functional syncytium4,5,19 (Figs 6 and 7). Thus, it is assumed that mechanical stimuli are transmitted to the interior of the bone via the osteocyte network.4,5,10,23

Osteoclasts represent another essential cell group.4,7,16,20,23,26 They originate from the monocytemacrophage cell lineage and differentiate from monocytic bone marrow progenitor cells.4,5,16 The maturation of osteoclasts is controlled by osteoblasts through secretion of certain messenger substances (eg, RANKL).16 Osteoclasts, often multinuclear cells,4,5,16,18 usually act in groups to degrade bone substance.7,16,23 In this process, osteoclasts first generate an acidic pH by the secretion of protons, which leads to chemical decalcification of the inorganic bone components.25 Degradation of the organic matrix occurs by exocytosis of enzyme-containing vesicles that contain lytic enzymes (eg, matrix metalloproteinases and cathepsin).4,9,16



The osteon (Haversian system)

The smallest functional unit of the bone is the osteon4,9,16,24 (Fig 8). The lamellar bone is composed of numerous osteons, which provide the high stability of the lamellar bone.16,23 In the osteon, bone lamellae are arranged concentrically around a central canal (Haversian canal). This contains loose connective tissue as a continuation of the endosteum, in which conduits and precursor cells of osteoblasts are embedded.7,23,24 The Haversian canals are connected by vertically running Volkmann canals, in which vessels also run.23 Both mature cortical and cancellous bone are composed of osteons.16,23



The process of bone remodeling and biochemical processes

The skeletal system is a plastic organ that is adapted to the constantly changing physical loads by remodeling processes. Depending on the anatomical localization and patient age, 2% to 30% of bone mass per year is restructured and renewed by remodeling.9,16 The information about changes in load in the bone is initially absorbed via the osteocytes.10,19 Depending on the type of the absorbed signal, they produce messenger substances or commit programmed cell death.10,19 These processes can activate osteoblasts and osteoclasts.10,19 The cyclic process of bone remodeling8 can last between 3 and 4 months9,16 (Fig 9). Bone formation and degradation also play an essential role in calcium and phosphate homeostasis.11,12 Osteoclasts form to initially degrade “damage” that has occurred in bone.18 In so-called “resorption lacunae“ (Howship lacunae), osteoclasts work in groups to degrade bone substance.5,16,18,23 After initial bone degradation, osteoblasts migrate and begin to form new bone substance to fill the degraded areas.5,18 This is followed by maturation of the bone from fibrous to lamellar and restoration of the initial state.9,12,18 Osteoclasts and osteoblasts work together as so-called “multicellular units” (“basic multicellular unit” [BMU]).9,16
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Fig 7 Schematic representation of a cross section through an osteon. Between the lamellae are the osteocytes connected by cell-cell junctions (“gap junctions”).
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Fig 8 Section of a long bone with schematic representation of the arrangement of osteons, vascular course, and bone marrow.




[image: ]


Fig 9 Cyclic process of bone remodeling.



The cells communicate by secreting transmitters. In this process, osteoblasts occupy the central position. They activate osteoclasts via the formation or secretion of RANKL (receptor activator of the nuclear factor kappa B ligand), which binds to the RANK expressed by osteoclasts17,18,30 (Fig 10). In this context, RANKL can be present in cell-bound or soluble form4 and ensures not only activation but also differentiation of osteoclasts from precursor cells.16 The latter in turn are stimulated by macrophage colony-stimulating factor (M-CSF) to differentiate into osteoclasts and to express RANK.16 M-CSF is also secreted by osteoblasts.9,16,18 As a natural antagonist of RANKL, osteoprotegerin (OPG) comes into action. OPG acts as a “false” receptor for RANKL, preventing its binding to RANK and thus its effect.9 Studies have shown that different types of osteoblasts (osteoclastogenic or osteogenic osteoblasts) exist depending on their main function (activation of osteoclasts or bone formation).17
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Fig 10 Communication between osteoblasts and osteoclasts via RANKL, RANK, and OPG.





Hormonal regulation of bone metabolism

Bone metabolism is under higher-level hormonal control.12,20 The central hormones of bone metabolism are parathyroid hormone, vitamin D and its derivatives (especially calcitriol), calcitonin, and estrogens and androgens.9,12,14

Parathyroid hormone (PTH) is produced in the parathyroid glands and maintains or increases serum calcium levels. In doing so, it causes not only an increase in bone resorption and release of calcium from bone but also an increase in renal calcium re-absorption, positively influencing the formation of calcitriol (from vitamin D) in the kidney.9,12 Overall, PTH has a catabolic effect on bone.12,14

Another important hormone is vitamin D1. Exposure of the skin to sunlight leads to a conversion of vitamin D to cholecalciferol.12 Double hydroxylation in the liver and kidney results in the hormonally active form: calcitriol.9,12,14,18 Calcitriol also promotes bone resorption as well as intestinal and renal calcium and phosphate resorption.12,13 Only secondarily, bone mineralization is positively influenced by increased calcium levels, and downregulation of the hormones PTH and calcitriol occurs.12,14

The counterpart is calcitonin, which is produced by the C cells of the thyroid.9,12 It promotes the storage of calcium and phosphate in the bones and reduces their renal reabsorption. However, its exact influence is still unclear, and the hormone is probably less significant than PTH and calcitriol.12,14

Estrogens have a protective effect on bone and decrease the sensitivity of osteoclasts to RANKL, increase the production of OPG, and stimulate osteoblasts,9,15,27,31 partially explaining the rarefaction of bone in women after the onset of menopause.12

In addition, there are numerous other messenger substances that can have a positive or negative influence on bone metabolism. An overview of locally active transmitters is provided in Table 1. Particular mention must be made in this context of the bone morphogenetic proteins (BMPs). At least 20 members of the BMP family are currently known to have pleiotropic effects on multiple organ systems, although only two of them (BMP-2 and BMP-7) are of major importance for bone formation.2,3,6 BMPs not only contribute to the activation of osteoblasts but can also stimulate the differentiation of mesenchymal stem cells to osteoblasts. BMP-2 can be produced recombinantly and is used in augmentation and spine surgery.4
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Fig 11 Progressive resorption process of the mandible after tooth loss.



Table 1 Overview of locally active messenger substances that can influence catabolism and anabolism of bone. BMP = bone morphogenetic protein, PDGF = plateletderived growth factor, VEGF = vascular endothelial growth factor, TGF = transforming growth factor, IGF = insulinlike growth factor, IL = Interleukin, TNF = tumor necrosis factor.



	Bone formation
	Bone resorption



	Osteoprotegerin (OPG)
	RANK ligand (RANKL)



	BMP (especially BMP-2, BMP-7)
	M-CSF



	Growth factors (PDGF, VEGF, TGF, IGF, etc)
	Inflammatory mediators (IL-10, TNF-α)








The alveolar bone

The development of the alveolar processes of the maxilla and mandible is induced by tooth development, and their morphology is significantly influenced by the teeth.7,25 The vestibular and oral walls of the alveolar processes as well as the lining of the alveoli are formed by cortical bone of different thickness.7,13,25,26 Thereby, the cortical bone in the dentate jaw is thinnest vestibularly in the anterior mandible and shows the greatest thickness in the region of the maxillary posterior teeth.13 The perialveolar areas consist predominantly of cancellous bone.7 Conduction pathways reach the interradicular septa from the vascular plexus of the desmodont, from the basal areas, via the bone marrow, and via the vestibular and oral periosteum.7 The mature bone portions of the alveolar processes consist of lamellar bone.7,26

The alveolar bone shows an extraordinary capacity for bone remodeling.25 Physiologically through attrition, erosion, and abrasion of the teeth, a continuous process of tooth eruption occurs with consecutive necessary remodeling of the alveolus.25,26 The alveolar bone reacts rapidly by remodeling when exposed to such occlusal or orthodontic forces.7,26 And thus the processes of bone remodeling are sustained.

Consequently, tooth loss leads to resorption processes at the alveolar process.26,29 Initially, resorption in the width of the alveolar process is more significant than that in its height.29 In the long-term absence of functional loading, parts of the alveolar process resorb completely, and only those parts of the jaws that are exposed to physiologically effective forces (eg, due to muscle traction, including the interforaminal part of the mandible, ascending branch, and coronoid process), are spared from resorption processes7,26 (Fig 11). In the maxilla, in the absence of physiologic loading and expansion of the maxillary sinus, the complete alveolar process may atrophy in some cases.7



Summary

The skeleton is not only the protective and supporting tissue in the human body but also the essential store of calcium and phosphate stocks. As the point of origin and attachment for muscles, the skeleton enables locomotion. Throughout its life, bone remains a plastic tissue with a high degree of stability, which can adapt to external influences and is subject to constant remodeling processes. Now that the anatomy and physiology of the bone have been described, relevant pathologies of the bone will be explained in later sections of this book.
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Pain and Wound Healing
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Pain is a subjective sensation. Nociception is the objectively measurable activity of nociceptors (pain sensors).

The sensitivity of nociceptors can be modulated by different messenger substances.

Wound healing is a multistep process in which fibrin, neutrophil granulocytes, and vascular as well as epithelial regeneration play crucial roles.




Introduction

Toothache is one of the conditions feared by patients and is accordingly inseparable from the profession of dentistry. Therefore, a basic knowledge of the physiologic processes of pain development is helpful in everyday practice. Because pain is physiologically part of a (fresh) wound and pain mediators play a crucial role in wound healing, both phenomena will be discussed in this section.



Pain and excitation conduction


Pain

In everyday clinical practice, oral pain is a frequently expressed symptom both before and after surgery. In addition, it is one of the most common forms of pain in the head and face.10,30 The International Association for the Study of Pain defines pain as the following: “Pain is an unpleasant sensory or emotional experience that is accompanied by actual or potential tissue damage or is described by affected persons as if such tissue damage were the cause.”11

Knowledge of the nociceptive system has differential diagnostic significance. For example, the pain symptoms of parotitis can easily be confused with those of mastocytosis, sinusitis, or active craniomandibular dysfunction (CMD), which in turn often cannot be distinguished with certainty from tension headache. Migraine headache may have a clinically similar presentation. With pulpitic complaints in the maxilla, there is a risk of confusion with sinusitis maxillaris or likewise CMD or migraine.

Thus, functional and inflammatory underlying diseases in different areas of the head are often responsible for similar symptoms. The therapies, however, differ fundamentally. Pharmacologic analgesia is useful for initial symptom control but should not be considered as a primary longterm therapy to avoid secondary pain disorders such as analgesic-induced headache.5



Excitation conduction versus pain

The distinction between the terms nociception and pain is the differentiation between the neuronal processes and the content of consciousness, where nociception refers to the stimulus reception as well as the excitation conduction in the nerve, whereas pain is the conscious awareness of this nociception.6,15 While nociception is the excitation of the nociceptors and the neuronal conduction pathways, pain perception is the cognitive and emotional reaction generated from it.15 Accordingly, nociception can also occur without pain, but pain cannot occur without the activation of at least parts of the nociceptive system.6

The following considerations are particularly relevant for everyday dental practice:


	 The pain felt does not always correspond to the stimulus received by the receptors.

	 Pain has a large emotional component.





Types of pain

Headaches are among the most frequently expressed complaints of all. In a separate study on the prevalence of headaches in 1,031 patients (436 men, 595 women) with an average age of 49.6 years, 48% had tension headache and 8.6% had migraine in a 30-day period, with only a small proportion classified as chronic headache.30 This is consistent with the data in the relevant literature.10

Pain triggered by dental caries or periodontitis is classified as trigeminovisceral pain21 in the case of sialadenitis,28 sinusitis,29 necrosis,20,23,31 mastocytosis,4,25,27 and aphthous diseases.33 However, these diseases are not always accompanied by pain.

Pain caused by defective excitation of the nociceptive system is referred to as neuropathic pain.15 This includes trigeminal neuralgia,21, which can be described as rare with an incidence of four to eight cases per 100,000 people, although the frequency increases with age.10

The following considerations are particularly relevant for everyday dental practice:


	 Whether triggered by caries or salivary gland disease, the pain in the head is processed via the trigeminal system. Accordingly, the patient may make false assumptions about the cause of the pain.

	 Trigeminal neuralgia is very rare!



Because pain is likely to be one of the main motivators for visiting the dentist, detailed information follows here for interested readers.



Nervous structures and receptors of nociception

The afferent axons of the nerves are subdivided according to their conduction speed into the fast-conducting Aa and Ab fibers and the slow-conducting Ad and C fibers, which are responsible for the transmission of sensory and nociceptive information.6 The C fibers represent by far the largest group, accounting for at least half of all fibers.6,14,34



Pain pathway and central pain processing

The course of the pain stimuli mediated by the trigeminal nerve shows differences in contrast to the classical spinothalamic pathway. The trigeminal ganglion corresponds to the spinal ganglia of the posterior horn.15 The trigeminal nerve, which enters the central nervous system through the bridge (pons), is connected to a total of four nuclei; the mesencephalic nucleus, principal sensory nucleus, and spinal nucleus are located in the brainstem and process sensory information.15,26 Here, pain processing seems to take place mainly in the spinal nucleus of the trigeminal nerve.15,26 A special feature of these three sensory nuclei is that they receive information not only from the trigeminal nerve but also from the facial, glossopharyngeal, and vagus nerves. These signals are then projected from the nuclei to the thalamus and from there to the cerebral cortex.15,26 From the thalamic and the various trigeminal nuclei, projection occurs to the forebrain, the frontal lobe, the hypothalamus, and the limbic system with parts of the amygdala and the anterior cingulate gyrus.6,15,26



Mediators of stimulus transmission

The transmission of nociceptive stimuli at the synapses is accomplished by the main transmitter glutamate, which is active at the first synapsis of all ascending pathways, and by various neuropeptides, which are also released directly at the nociceptor when stimulated.6 In particular, calcitonin gene-related peptide (CGRP) and nitric oxide (NO) play an important role not only in the periphery but also centrally.1,3,12,13,18,19 Cerebral blood flow models and release experiments have proven useful as experimental approaches to study the effect of CGRP.7,32 In the periphery, both CGRP and the neuropeptide substance P (SP) are released from terminal nerve terminals upon pain stimuli. In the periphery, both substances lead to plasma extravasation and activation of the surrounding mast cells with consecutive degranulation and release of histamine in addition to vasodilation, whereas at the dura mater CGRP has mainly vasodilatory effects and SP promotes plasma extravasation.6,18

NO especially and CGRP play a major role in the development of primary headache disorders such as migraine. In this context, the administration of nitrovasodilators such as nitroglycerin (so-called “NO donors”) seems to be able to trigger seizures in patients who already suffer from primary headache, whereas patients without such preexisting condition do not experience pain triggered by NO donors.2,17,18

The clinical significance of CGRP is also demonstrated by the fact that an increase in CGRP in peripheral venous blood can be detected in patients with primary headache disorders.12 The therapeutic effect of the triptans used in migraine is based, among other things, on an inhibition of the release of CGRP.8 In experimental studies, both a direct inactivation of CGRP via a morphologically mirror-image antibody7 and the effect of a CGRP receptor antagonist could be demonstrated.32 This effect has also been shown clinically1,22 and continues to be the subject of current migraine research.13




Wound healing


Types of wound healing

A distinction is made between primary, secondary, and tertiary wound healing.16,24 In primary wound healing, ideal adaptation of the wound edges, which are in a clean state, results in rapid and scar-free healing of the affected area, whereas secondary wound healing is characterized by a defect that must first be closed by the granulation tissue (Figs 1 to 4). Tertiary wound healing is a mixed form of the other two healing types.16,24

The following consideration is particularly relevant for everyday dental practice:


	 Due to the overall better result, an ideal wound margin adaptation should be aimed for surgically, if possible, in order to achieve primary wound healing.





Phases of wound healing

There are different classifications of wound healing, and this text describes the four-phase variant (Figs 5 and 6). The classifications differ in that some processes are considered to belong together as opposed to distinct from one another, but the overall the principles are the same.


Hemostasis phase

Healing begins immediately after the tissue damage is set. In the first few minutes, hemostasis and then blood coagulation occurs in the injured area. Platelets in particular are responsible for this. Due to the tissue damage, various mediators are released (see section titled “Mediators of stimulus transmission”), which, in addition to pain transmission, also drive the further healing phases.6,16,24



Inflammatory phase

The hemostasis phase is followed by the migration of various cells induced by the mediators released. These include leukocytes, especially granulocytes, and macrophages. These cells induce an inflammatory response—the second phase of wound healing. The cells begin to break down necrotic tissue and, if necessary, combat invading pathogens. This phase lasts until about day 3.6,16,24
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Fig 1 Primary and secondary wound healing.
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Fig 2 Infected alveolus after tooth extraction.
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Fig 3 Tension-free closure and primary wound healing following tooth extraction.
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Fig 4 Secondary wound healing.
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Fig 5 Phases of wound healing in tissue.





Proliferative phase

Between the 4th and the 7th day, capillary infiltration occurs. Collagen is synthesized, and the wound edges begin to contract. Fibroblasts differentiate, and the formation of granulation tissue begins, which is why this phase is also called the granulation phase. During this stage, a well-functioning blood supply is particularly important.16,24



Maturation phase

From day 8 onward, more and more collagen fibers are formed to fill the wound. The wound begins to epithelialize, contracts further, and gains stability. From day 10 to 12, the tissue continues to mature. This process takes place over several months.16,24
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Fig 6 Phases of wound healing describing the cells involved.






Negative factors for wound healing

In general, any condition that weakens the individual phases of the process described above must be regarded as hindering wound healing. Locally, these include contamination, bruising, and other mechanical stimuli.9,24 Systemically, oncologic diseases, metabolic disorders, malnutrition, and smoking have an unfavorable effect on wound healing.9,16

The following considerations are particularly relevant for everyday dental practice:


	 Wound healing is divided into several phases and lasts approximately 10 days.

	 During this time, care should be taken to maintain good local hygiene and avoid disturbing factors that interfere with healing.

	 The main factors that interfere with healing include smoking, poorly controlled diabetes, and trauma to the area.

	 Scar correction should be sought only after complete completion of the maturation phase (ie, after 6 months).






Summary

For patients, pain is often an early symptom of an existing pathologic process and a warning sign that can have strong emotional connotations. In the oral and maxillofacial region, pain processing takes place via the trigeminonociceptive system, and the excitation is conducted in the same way no matter the triggering cause. Thus, the pain trigger is not always clearly identifiable for the patient. Pain mediators play a predominant role and help in wound healing, particularly in the first two phases.
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Knowledge of the normal values of certain blood parameters and their significance is important for the dentist.

Also relevant are the electrolytes sodium and potassium; the coagulation values (INR, PTT); the cell counts for erythrocytes, white blood cells, and platelets; as well as renal retention and liver values.




Introduction

Clinical chemistry forms the basis for a fundamental understanding of the body’s functions. In this way, insights into the function of organs such as the liver and kidney, the state of the metabolism, blood coagulation, and immune defense can be gained in a simple way.9 Only the most important considerations for everyday practice will be discussed in this section.

The first step is usually the blood draw. Depending on the diagnostics sought, preservatives such as citrate or EDTA are contained in the tubes. Further processing of the samples then takes place in the laboratory. Depending on the problem, various combinations of parameters are investigated. This section highlights the values of particular importance for dental procedures.

So-called “routine laboratory work” may include the blood count, coagulation tests, and various organ values and metabolic parameters (liver, kidney, etc).3 In addition, the concentrations of electrolytes such as potassium, sodium, or calcium can be determined.



The blood count

The blood is not only responsible for the transport of substances and cells; it can also be seen as a fluid organ in its entirety. The total volume of blood in the average adult is about 70 mL/kg body weight.5 In dental practice, the values of hemoglobin, erythrocytes (red blood cells), leukocytes (white blood cells), and thrombocytes (platelets) are particularly important (Table 1).


Table 1 Blood count values (from Hagemann3). f = female, m = male



	Abbreviation
	Parameter
	Normal value



	Hb or Hgb
	Hemoglobin
	12–16 g/dL (f) / 14–18 g/dL (m)



	Ery or RBC
	Erythrocytes (red blood cells)
	4.3–5.2 million/μL (w) / 4.8–5.9 million/μL (m)



	Leu or WBC
	Leukocytes (white blood cells)
	4,000–10,000/μL



	Thromb
	Thrombocytes (platelets)
	150,000–400,000/μL





Table 2 Coagulation values (from Hagemann3)



	Abbreviation
	Parameter
	Normal value



	Quick, TPZ
	Thromboplastin time
	70%–120%



	INR
	Thromboplastin time (standardized)
	1.0



	PTT/aPTT
	Partial thrombo- plastin time
	20–38 s
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Fig 1 Hemorrhage from unsutured alveolus when taking anticoagulants.



The values for erythrocytes and hemoglobin can be used to identify general problems of the patient associated with hematopoiesis. Values that are too low indicate anemia. In this case, further evaluation by the family physician is necessary prior to initiating any long-term treatment.

Platelets play a decisive role in blood clotting. Patients whose platelet count is below normal are therefore prone to secondary bleeding. However, not only the number but also the function of platelets in a given patient is important. Drugs such as acetyl-salicylic acid can inhibit the aggregation ability of platelets, depending on the dose. A dosage of 100 mg daily for the prevention of cardiovascular events only slightly impairs blood clotting. In contrast, the risk of discontinuing the drug significantly increases patient risk. Platelet aggregation inhibitors must therefore never be discontinued by the dentist.8 However, patients should refrain from taking these drugs as painkillers.

The leukocyte count provides an overview of the total number of white blood cells and thus reflects an important part of the immune system. If the count is below normal, dental procedures should be discussed with the treating general practitioner.



Coagulation values

Knowledge of blood clotting is particularly important before major surgical procedures (Table 2). However, even a single alveolus can cause significant postoperative bleeding (Fig 1).

Before undergoing any procedure that may cause bleeding—including subgingival scaling—the patient should be asked whether unusual bleeding has occurred in the past or whether they develop hematomas very easily. In addition, the patient must be asked if they are taking any anticoagulant medications. If the patient does not show any abnormalities, a coagulation analysis can be omitted for minor procedures. However, it is helpful to know the values, especially for older and previously ill patients.

The so-called “Quick value”, which represents the activity of clotting factors I, II, V, VII, and X5 (Fig 2) is still the most commonly used. These are dependent on vitamin K availability, and therefore the clotting ability of the blood decreases when taking phenprocoumon (Marcumar) in case of malnutrition and liver damage.5 As Marcumar is a frequently used anticoagulant, the value is of high importance as a simple screening parameter as well as for the monitoring of Marcumar dosage.
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Fig 2 Coagulation cascade.



The Quick value shows significant fluctuations from laboratory to laboratory, which is why the International Normalized Ratio (INR) value was introduced. This is standardized and moves exactly in line with the Quick value (ie, the value increases as the clotting ability falls).10 A significantly increased bleeding tendency can be expected with abnormally low values. For a simple osteotomy with local hemostatic measures, the Quick value should be above 30% (INR: 2.3–2.7).4

The partial thromboplastin time should rarely play a role in dental practice, as it is mostly used to monitor the effect of heparin. A prolongation of the time indicates an increased risk of bleeding.10
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Fig 3 Bleeding from the sulcus.



The occurrence of spontaneous bleeding (eg, from the gingival sulcus) indicates a serious internal problem (Fig 3). Such patients should be referred immediately to an oral and maxillofacial surgical clinic for further evaluation.


Table 3 Liver values (from Hagemann3). f = female, m = male



	Abbreviation
	Parameter
	Normal value



	GGT
	Gamma-glutamyl- transferase
	Up to 39 U/l (f) / Up to 66 U/l (m)



	Bilirubin
	Bilirubin
	< 1.1 mg/dL





Table 4 Metabolic values (from Hagemann3)



	Abbreviation
	Parameter
	Normal value



	Glucose
	Blood glucose
	< 130 mg/dL



	HbA1c
	Glycosylated hemoglobin
	< 6.5%







Liver values

In principle, unfavorable liver values (ie, significantly elevated liver values) are associated with poorer blood coagulation and possibly worsened immune defense.6 The liver metabolism values are given here merely for the sake of completeness, as their interpretation is the responsibility of the general practitioner. Therefore, only two of the parameters are given in Table 3.

Gamma-glutamyl transferase (GGT) is a liver- and bile-specific value that rises rapidly even in the case of minor damage. This is often observed in cases of alcohol abuse or as a side effect of medication. The higher the value, the greater the liver damage.2

Bilirubin is formed during the breakdown of erythrocytes. In the liver, it is converted into the serosoluble form, which is then excreted with the bile via the intestine.5 An increase in bilirubin levels indicates a disturbance in the liver-bile complex and can lead to the yellowing of the sclerae and skin, known as jaundice.1,2



Metabolism

Of the many metabolic disorders, only diabetes mellitus is discussed here because of its importance. The basic parameter for this is the blood glucose concentration. However, the diagnosis cannot be confirmed by a single elevated value.7 In dental practice, therefore, the HbA1c value is more significant (Table 4). This reflects how the diabetes was adjusted in the last 4 to 12 weeks.5,10 A reaction of hemoglobin with blood glucose also produces glycosylated hemoglobin in healthy individuals. When its concentration is elevated over time, the reaction occurs more frequently, resulting in a percentage increase in glycosylated hemoglobin compared to nonglycosylated hemoglobin.

Because poorly controlled diabetes mellitus can lead to an increased susceptibility to infection,5 it is recommended to ensure that the value is as low as possible before planned dental procedures (especially surgical and periodontal procedures). In the opinion of the authors, the value in such situations should ideally not be higher than 7% to 8%.
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