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FOREWORD

In this day and age, an overwhelming influx of information is flooding the scientific literature. Separating wheat from chaff can be an arduous and demanding task for any oral health care professional, expert or novice, when reviewing the best available evidence in the fields of periodontics and oral implantology. A well-curated and comprehensive compilation of essential knowledge can be an invaluable compass to navigate what may seem to be an insurmountable ocean of data and concepts.

That is why I enthusiastically applaud Dr Fernando Suárez López del Amo for his vision and dedication in leading the efforts that have culminated in making this book, Periodontics: The Complete Summary, a reality. Knowing Fernando for more than a decade now, I have truly enjoyed witnessing his development and inexorable growth in becoming an excellent clinician, outstanding scholar, and tremendously effective teacher. It is rare for an individual of such virtues to also seek to engage and elevate the profession by generating quality didactic materials. This textbook is a clear representation of Fernando’s commitment.

Spanning from the anatomy of periodontal and peri-implant structures to the management of medical emergencies, this book contains a cleverly weaved sequence of meticulously selected topics covering the most relevant literature pertaining to the diagnosis, prevention, and treatment of common periodontal and peri-implant diseases and conditions. Readers will notice that a great deal of attention was paid to scrupulously select and present pertinent information stemming both from classic and contemporary literature sources, providing it in a succinct and understandable manner. Although this book is primarily geared to serve as a guide for students throughout their formal training and in their preparation for standardized exams, more experienced professionals will also find it an excellent reference or “refresher” resource.

While Fernando is responsible for its genesis, organization, and successful completion, it must be acknowledged that this book is also the result of a collective endeavor carried out by a marvelous bunch of young and emerging clinicians, researchers, and educators from different geographic locations across the globe. It is exciting to see such a talented group coming together to generate an up-to-date and valuable compendium of foundational knowledge germane to periodontics and oral implantology. Congratulations to all of them for this superb contribution!

With my best wishes,

Gustavo Avila-Ortiz, dds, ms, phd

Professor and Chair

Department of Periodontics

College of Dentistry

University of Iowa

Iowa City, Iowa


PREFACE

The fields of periodontics and oral implantology have greatly advanced and evolved over the last decades. Numerous investigations and developments have redefined the instruments, materials, and techniques used in daily practice, and we, the scientists and clinicians, should always be at the forefront of this continuous evolution. However, while remaining up to date is imperative to provide the best possible patient care, it is of utmost importance to acknowledge and understand the scientific discoveries and investigations previously performed. It is critical to appreciate the lessons learned decades ago to continue with the progression of the periodontal and dental implant fields. For this reason, I decided to embark on this project, and along with the outstanding contribution of a talented group of friends and colleagues, we have created this summary aimed at describing the underlying scientific basis and rationale for the numerous challenges and decisions that periodontists face in clinical practice. Special attention was given to provide the fundamental classic literature as well as newer and more current evidence.

The information presented in this book is a comprehensive review of the most essential knowledge pertaining to the different aspects of periodontics and oral implantology. From anatomy to medical emergencies, the 28 chapters summarize topics related to diagnosis, nonsurgical and surgical therapy, guided tissue regeneration, dental implants, and oral pathology. Students in the dental and periodontal fields will find this book of utmost value during their training. Nevertheless, this book was also conceived with the objective of being a source of information and consultation guide for more senior professionals, including investigators and clinicians.
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1

ANATOMY

Miguel Romero Bustillos, DDS, PhD

DEFINITIONS AND TERMINOLOGY

Alveolar bone proper: Compact bone that composes the alveolus (tooth socket). Also known as the lamina dura or cribriform plate, the fibers of the periodontal ligament insert into it.

Alveolar process: The compact and cancellous bony structure that surrounds and supports the teeth.

Attached gingiva: The portion of the gingiva that is firm, dense, stippled, and tightly bound to the underlying periosteum, tooth, and bone.

Attachment apparatus: The cementum, periodontal ligament, and alveolar bone.

Biologic width: The dimension of soft tissue composed of a connective tissue and epithelial attachment extending from the crest of bone to the most apical extent of the pocket or sulcus. This term was recently redefined as “supracrestal tissue attachment.”2

Bundle bone: A type of alveolar bone, so-called because of the “bundle” pattern caused by the continuation of the principal (Sharpey) fibers into it.

Fibroblast: The predominant connective tissue cell; a flattened, irregularly branched cell with a large oval nucleus that is responsible in part for the production and remodeling of the extracellular matrix.

Free gingiva: The part of the gingiva that surrounds the tooth and is not directly attached to the tooth surface.

Gingival groove: A shallow, V-shaped groove that is closely associated with the apical extent of free gingiva and runs parallel to the margin of the gingiva. The frequency of its occurrence varies widely.

Gingival papilla: The portion of the gingiva that occupies the interproximal spaces. The interdental extension of the gingiva.

Hertwig epithelial root sheath (HERS): An extension of the enamel organ (cervical loop) Determines the shape of the roots and initiates dentin formation during tooth development. Its remnants persist as epithelial rests of Malassez in the periodontal ligament.

Lamina propria: In the mucous membrane, the connective tissue coat just beneath the epithelium and basement membrane. In skin, this layer is known as the dermis.

Mucogingival junction: The junction of the gingiva and the alveolar mucosa.

Osseointegration: A direct contact, at the light microscopic level, between living bone tissue and an implant.

Periodontal ligament (PDL): A specialized fibrous connective tissue that surrounds and attaches roots of teeth to the alveolar bone. Also known as the periodontal membrane.

Periodontium: The tissues that invest and support the teeth, including the gingiva, alveolar mucosa, cementum, periodontal ligament, and alveolar supporting bone. Also known as the supporting structure of the tooth.

Rete pegs: Ridge-like projections of epithelium into the underlying stroma of connective tissue that normally occur in the mucous membrane and dermal tissue subject to functional stimulation.

The periodontium comprises the supporting structures of the dentition. It is composed of four main elements: gingiva, cementum, periodontal ligament (PDL), and bone. Understanding this dynamic network of tissues is pivotal for the proper performance of the many procedures related to periodontal therapy. This chapter describes the different structures of the periodontium from microscopic and macroscopic points of view.

The attachment apparatus, also known as periodontal attachment, is an aggregate of tissues with the main function of anchoring teeth to the alveolus. It consists of cementum, alveolar bone, PDL, and gingiva. Several terms are highly relevant with this regard and are described by the American Academy of Periodontology (AAP) Glossary of Periodontal Terms (see sidebar).1

Periodontium: Attachment Apparatus

PERIODONTAL LIGAMENT

The PDL is a specialized connective tissue located between the bony walls of the dental socket and the dental root. It surrounds the majority of the dental root and attaches the teeth to the alveolar bone. In the most coronal portion, the PDL is continued with the lamina propria of the gingiva. Characterized by its hourglass shape, this specialized connective tissue narrows at the middle part, with an average width ranging from 0.2 to 0.4 mm.3 The PDL space decreases with age and increases under excessive load.

Origin

The PDL develops in a cell population from the dental follicle. As the crown approaches the oral mucosa, fibroblasts produce collagen fibrils without organized orientation. Later, prior to tooth eruption, the fibroblasts adopt an oblique orientation adjacent to the cementum. Finally, after this fibroblast arrangement, fibers with organized orientation are developed at the cementum surface as well as at the alveolar bone proper. These fibers will continue elongating until they reach each other at the middle portion of the PDL. The orientation of the fibers will be determined by the location within the PDL (Table 1-1).4,5

TABLE 1-1 Principal periodontal ligament fibers4,5

[image: ]

CEJ, cementoenamel junction.

Composition

The PDL is formed by different cell types. The fibroblasts are the most abundant as they are responsible for the metabolism of the extracellular components. Within this heterogeneous population of fibroblasts within the PDL, osteoblast-like fibroblasts are also present, and these are rich in alkaline phosphatase.6,7 In addition, the PDL contains stem cells, epithelial cell rests of Malassez, cells from the blood vessels, and cells associated with the immune and nervous systems.

The extracellular matrix of the PDL consists of collagenous and noncollagenous proteins. Collagen type I is the most abundant, and it is also the primary constituent of the Sharpey fibers, together with collagen II, V, VI, XII, and XIV.8 Other noncollagenous proteins present in the PDL are tenascin, fibronectin, vitronectin, elastin, and glycoproteins. In addition, hyaluronate, heparan sulfate, chondroitin sulfate, and dermatan sulfate are the glycosaminoglycans identified in the PDL. Dermatan sulfate is the principal glycosaminoglycan, while versican and decorin are the main proteoglycans.8,9

ALVEOLAR BONE

One of the two mineralized tissues that comprises the attachment apparatus is the alveolar bone. Just like any other type of bone in the human body, it is composed of a mineralized matrix and a nonmineralized connective tissue. Within the mineralized tissues, calcium is the most prevalent mineral in the form of hydroxyapatite. The alveolar bone, also known as alveolar process, consists of spongy bone, cortical plates, and the alveolar bone proper (Table 1-2). The crest of the alveolar bone refers to the most coronal portion of it, and its distance from the cementoenamel junction (CEJ) in a healthy periodontium is within the range of 1 to 3 mm.

TABLE 1-2 Features of alveolar bone
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The alveolar bone is created following an intramembranous ossification with ectomesenchymal cells from the dental follicle intervening in the developmental process. The presence of teeth is essential for the development of the alveolar bone. As such, in absence of a PDL, the alveolar bone proper will not develop.5

The alveolar bone houses the teeth, providing protection and support and allowing proper functioning during mastication, absorbing and distributing the occlusal forces. The primary function of the alveolar bone is to provide a structure where the Sharpey fibers of the PDL anchor to keep the tooth in position and function.

The chemical composition of alveolar bone is 65% hydroxyapatite and 35% organic material such as collagen and noncollagenous proteins (eg, osteocalcin, bone sialoprotein, phosphoprotein, osteonectin, and bone morphogenetic proteins).

Microscopically, two different types of mature bone can be observed based on the organization: (1) the lamellar bone, containing osteons which consist of a blood vessel surrounded by concentric lamellae, and (2) the bundle bone where PDL fibers (Sharpey fibers) anchor. In the bundle bone, lamellae can be found parallel to adjacent marrow spaces, and the disposition is parallel to the tooth surface.

CEMENTUM

Cementum is the second mineralized tissue of the attachment apparatus. It is an avascular mineralized connective tissue that surrounds the dentin at the level of the dental root. Its primary function is to allow for the anchorage of Sharpey fibers that will keep the tooth in the alveolus as well as to adapt and protect during tooth wear and movement. The thickness of cementum increases with age. Also, apical portions of the dental root present with thicker cementum than the coronal counterparts.5 The CEJ is the anatomical area where the crown meets the root. Schroeder and Scherle10 described three types of relationships between cementum and enamel: edge to edge; cementum covering the enamel; or a gap between both structures where dentin is exposed. The most prevalent interrelation is cementum covering the enamel, followed by edge to edge and gap.11

Based on the presence of cementocytes embedded in its extracellular matrix, the cementum can be classified as cellular or acellular. In addition, the fibers that form the cementum will contribute to the classification of the different types5 (Table 1-3).

TABLE 1-3 Features of the different types of cementum
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As in the formation of the PDL, cementum starts developing in a prefunctional stage prior to the eruption of the tooth. After the crown is formed, the cells of the inner and outer enamel epithelium that constitute the cervical loop will proliferate deeper into the ectomesenchyme driving the development of the dental root. This structure is known as the Hertwig epithelial root sheath (HERS). The most apical portion of the HERS, which encloses the dental papilla, is known as the epithelial diaphragm. Cells from the HERS induce the differentiation of the dental papilla cells in a coronoapical direction to become odontoblasts that will form the dentin of the root. The number and morphology of the dental roots will be determined by the disposition of the HERS. The cementum, the mineral portion of the root facing the PDL, is formed by cementoblasts that are believed to originate from the ectomesenchymal cells of the dental follicle after the disintegration of the HERS. Cells from the HERS produce different proteins and mediators to induce the differentiation of the dental follicle cells into cementoblasts. Fibroblasts in the area produce bundles of collagen fibrils that form fringe fibers, and these are anchored to the tooth by the deposition of a mineral matrix by cementoblasts.

When the tooth is near to entering its functional stage, a shift in the formation of cementum can be seen from acellular extrinsic fibrillar cementum to mixed stratified cementum. The rate of growth of cementum is 1.5 to 3 µm per year.12

Even though the previously described formation of cementum is the most accepted theory, an alternative hypothesis has been proposed. This theory suggests an enhanced role of the HERS in the formation of cementum through the differentiation of HERS cells to become cementoblasts.13

The chemical composition of cementum is similar to bone with approximately one-third organic material, one-third mineral phase, and one-third water. The primary inorganic structure of cementum is also hydroxyapatite crystals. The organic material is composed of collagen, glycoproteins, and proteoglycans (Box 1-1).

BOX 1-1 Organic chemical composition of cementum









	Collagenous proteins

	Collagen I (90%)

Collagen III (5%)




	Noncollagenous proteins

	Glycoproteins




	Glycolipids




	Proteoglycans




	Enamel-related proteins








GINGIVA

The oral mucosa is composed of the mucosal tissues that cover the mouth, and it can be classified as masticatory mucosa (gingiva and hard palate), lining mucosa (alveolar mucosa, floor of the month, and internal surface of lips), and specialized mucosa (tongue). The lining or alveolar mucosa extends inside the cheeks, floor of the mouth, as well as soft palate, and it is characterized by the presence of a basal layer (which is positive to the expression of keratin 5, 14, and 19), an intermediate layer, and a superficial layer expressing keratin 13 and 4.14

The gingiva (masticatory mucosa) is composed of free gingiva and attached gingiva, and it is characterized by the presence of keratin in the most superficial layer. Histologically, four layers of cells have been described (Fig 1-1):
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Fig 1-1 Layers of keratinized gingiva.




	Stratum basale, which is characterized by the expression of keratin 5 and 14

	Stratum spinous, named due to the spinous morphology of the cells in this layer

	Stratum granulosum, characterized by the presence of round cytoplasmic granules

	Stratum corneum with cornified cells



Gingiva has different names and presents with slight morphologic differences depending on the tissue that it covers (ie, free gingiva or attached gingiva; Fig 1-2).
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Fig 1-2 The gingiva.



Free gingiva

Free gingiva is the portion of the gingival epithelium that extends from the free gingival margin to the gingival groove (see Fig 1-2). The gingival groove is defined as the “shallow linear depression on the gingiva surface that demarcates the free gingiva and the attached gingiva.”1 The free gingiva covers the teeth at the vestibular and lingual sites following the contour of the tooth and the dental papilla. In normal conditions, the free gingiva presents as a coral pink color. The location of the gingival groove is determined by the position of the CEJ, and it is present in 4% to 54% of teeth with differences based on tooth type.15,16

Attached gingiva

Attached to the tooth and/or alveolar bone, the attached gingiva is delimited by the gingival groove at the coronal end and the mucogingival junction at the apical end. In healthy conditions, it also presents with a coral pink color. A morphologic characteristic of the attached gingiva is the stippling or orange peel appearance. The stippling corresponds to small epithelial ridges and is developed in areas of high keratinization. When the attached gingiva is inflamed, it loses the superficial stippling, and the color turns to a darker red.15,17,18

The mucogingival junction, which is the interphase between the attached gingiva and the oral mucosa, is located between 3 to 5 mm apical to the alveolar crest, and it has been shown to be stable over the years in reference to the base of the mandible or floor of the nose. Consequently, an increase in attached gingiva with age has been associated with the continuous eruption of the dentition.19,20 The dimensions of the attached gingiva have been investigated in classic studies by Bowers21 and Voigt et al.22 In the maxilla, the sites with the greatest width of attached gingiva are the central and lateral incisors. There is a decrease in canines and first premolars, and a slight increase over the second premolar and molar locations. In the mandible, the incisors also present with the greatest amount of attached gingiva with a sharp decrease around the canines and first premolars. At the second premolar site, the attached gingiva increases, and a decrease at the mandibular molar area is also observed. On the lingual aspect, the molar area presents with the greatest attached gingiva followed by premolars, incisors, and canines.

Based on the location and microscopic appearance, the gingival epithelium can be classified into three types: oral, sulcular, and junctional epithelium.

Oral epithelium

The oral epithelium is a keratinized stratified squamous epithelium that extends from the mucogingival junction to the free gingival margin. In some areas of the most superficial layer, the stratum corneum, the cells maintain their nuclei and are considered parakeratinized. If no nuclei are present in the stratum corneum, this epithelium is considered orthokeratinized. In addition to the keratinocytes, other cells can be found in the oral epithelium, such as melanocytes, which give pigmentation to the epithelium; Langerhans cells, which play a role in the immune response; and Merkel cells, which are important for sensory function.

Sulcular epithelium

This is the epithelial tissue located in the sulcus, and it extends from the free gingival margin to the most coronal portion of the junctional epithelium. It is a nonkeratinized stratified squamous epithelium.

Junctional epithelium

The junctional epithelium extends apically from the base of the gingival sulcus following the tooth structure, and it is a nondifferentiated stratified squamous epithelium.23 In healthy situations with no history of periodontal disease or gingival deformities, the deepest portion of the junctional epithelium is located around the CEJ. It has a triangular shape with the base at the bottom of the sulcus and a vertex located apically. The base of the junctional epithelium has a layer 20 to 30 cells thick, which decreases in number to become a bilayer at the level of the CEJ.24 The junctional epithelium is attached to the tooth surface through hemidesmosomes, while the connections in between the epithelial cells are established by desmosomes, adherents, gaps, and tight junctions.25

The gingival epithelial tissue lies over connective tissue establishing finger-type indentations of epithelial tissue termed ridges. This connective tissue subjacent to the epithelium of the attached gingiva is known as lamina propria. The lamina propria is a highly vascularized tissue with two known portions: the papillary layer, which is the most superficial, and the reticular layer. In the papillary layer, the interphase between the connective tissue of the lamina propria and the epithelium follow a wavy morphology with projections of connective tissue called papillae and epithelial ridges known as rete pegs. The interface between the sulcular epithelium, the junctional epithelium, and the connective tissue is characterized by the absence of rete pegs. The lamina propria consists of 57% to 60% connective tissue fibers/fibrous proteins, 5% to 8% cells, and 35% other components such as blood vessels, nerves, and ground substance of the intercellular matrix.5,26

The main cell type in the lamina propria is the fibroblast, which is the main cell responsible for the formation and remodeling of the connective tissue. The main fibers of the lamina propria are comprised by collagen type I, III, IV, and V, with minor presence of elastic fibers and oxytalan fibers. The fibers in the gingiva follow a specific orientation and are classified into different bundles. The main connective tissue fibers are dentogingival, alveologingival, circular, dentoperiosteal, and transseptal (Table 1-4 and Figs 1-3 and 1-4).5,27,28 In addition, secondary connective tissue fibers are periosteogingival, interpapillary, transgingival, intercircular, semicircular, and intergingival.29 The main as well as the secondary fibers are part of the connective tissue attachment.
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Fig 1-3 Dentogingival fibers in a mouse model (100× magnification).
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Fig 1-4 Gingival fibers.



TABLE 1-4 Main connective tissue fibers5,28










	
	Subclassification

	Origin

	Direction




	Dentogingival fibers

	Subgroup A

	Cementum

	Free gingiva




	Subgroup B

	Cementum

	Attached gingiva




	Subgroup C

	Sweep down and across the crest

	NA




	Alveologingival fibers

	NA

	Periosteum

	Free gingiva and attached gingiva




	Circular fibers

	NA

	Encircle each tooth within the connective tissue




	Dentoperiosteal fibers

	NA

	Cementum apical to the dentogingival fibers

	Crest of the alveolar bone. Some fibers may insert into muscles of the vestibule.




	Transseptal fibers

	NA

	Cementum

	Cementum of adjacent tooth






NA, not applicable.

The interface between the connective tissue and the epithelium is a specialized form of extracellular matrix named the basement membrane or basal membrane. The basal membrane consists of a highly crosslinked matrix of collagen and glycoproteins such as laminin, perlecan, and entactin, and it is composed of several layers. Under electron microscopy, three components can be differentiated: the lamina lucida, the lamina densa, and the lamina reticularis.27

The interdental gingiva or papilla refers to the soft tissue that occupies the space between the teeth and consists of an epithelium with a subjacent dense connective tissue. The shape of this interdental gingiva is determined by the morphology of the teeth and the CEJ. In anterior sites, it presents with a pyramidal shape, whereas in posterior sites, it presents with a concave shape. The epithelium that covers this concave portion is known as the col epithelium.28,30

SUPRACRESTAL TISSUE ATTACHMENT

The junctional epithelium and connective tissue attachment together are known as the supracrestal attached tissues (formerly referred to as biologic width).2,31 The dimensions of these structures were investigated by Gargiulo et al32 and Vacek et al33 in human cadavers reporting an average distance of 2.04 mm and 1.91 mm, respectively (Table 1-5).

TABLE 1-5 Classic studies on the dimensions of supracrestal tissue attachment and sulcus










	
	Sulcular epithelium (mm)

	Junctional epithelium (mm)

	Connective tissue (mm)




	Gargiulo et al32

	0.69

	0.97

	1.07




	Vacek et al33

	1.34

	1.14

	0.77






A meta-analysis by Schmidt et al34 in 2013 concluded that the biologic width ranges from 2.15 mm to 2.30 mm, with posterior teeth having longer junctional epithelium and the dimension of connective tissue attachment being larger in buccal and lingual surfaces compared with interproximal sites.34

Peri-Implant Attachment Apparatus

The replacement and restoration of the missing dentition by means of dental implants has become a routine procedure in daily practice. As such, a plethora of systems with different macro- and microstructures are available on the market. However, independently of the design, the proper functioning of dental implants is primarily based on the process of osseointegration. This phenomenon is defined as the direct contact between the surface of a loaded implant and vital bone.

Considerable differences exist between the structures giving support to dental implants and natural dentition, the most important being the lack of PDL for osseointegrated implants. However, at the most coronal portion, some similarities can be found. Similar to the supracrestal attached tissues in the natural dentition, implants also present in their most coronal portion with a sulcus epithelium, junctional epithelium, and connective tissue.35 In 1991 in an animal model, Berglundh et al35 described the differences in the arrangement of collagenous fibers in the connective tissue between teeth and implants. Essentially, while the collagenous fibers run perpendicular to the axis of the tooth, they run parallel to the surface of an implant. The composition of the connective tissue also seems to differ between implants and teeth. As such, more collagen and fewer cells have been found around dental implants in comparison with teeth.35 Moon et al36 also described that although generally a reduced number of cells have been found in the periimplant tissue, a cell-rich zone is present in the connective tissue adjacent to the implant-abutment surface with high concentration of fibroblasts.

The absence of PDL space around dental implants also determines the lack of vascularization from this structure. Consequently, the blood vessels that irrigate the periimplant mucosa are terminal branches from the periosteum. On the other hand, both natural dentition and dental implants present with a vascular plexus adjacent to the junctional epithelium.37

References

1. American Academy of Periodontology. Glossary of Periodontal Terms. American Academy of Periodontology, 2001.

2. Jepsen S, Caton JG, Albandar JM, et al. Periodontal manifestations of systemic diseases and developmental and acquired conditions: Consensus report of workgroup 3 of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions. J Periodontol 2018;89(suppl 1):S237–S248.

3. Nanci A, Bosshardt DD. Structure of periodontal tissues in health and disease. Periodontol 2000 2006;40:11–28.

4. Sicher H. The principal fibers of the periodontal membrane. Bur 1954;55:2–6.

5. Schroeder HE. Handbook of Microscopic Anatomy. Vol 5: The Periodontium. Berlin: Springer-Verlag, 1986.

6. Cho MI, Garant PR. Development and general structure of the periodontium. Periodontol 2000 2000;24:9–27.

7. Goseki T, Shimizu N, Iwasawa T, Takiguchi H, Abiko Y. Effects of in vitro cellular aging on alkaline phosphatase, cathepsin activities and collagen secretion of human periodontal ligament derived cells. Mech Ageing Dev 1996;91:171–183.

8. Narayanan AS, Page RC. Connective tissues of the periodontium: A summary of current work. Coll Relat Res 1983;3:33–64.

9. Bartold PM. Connective tissues of the periodontium. Research and clinical implications. Aust Dent J 1991;36:255–268.

10. Schroeder HE, Scherle WF. Cemento-enamel junction: Revisited. J Periodontal Res 1988;23:53–59.

11. Neuvald L, Consolaro A. Cementoenamel junction: Microscopic analysis and external cervical resorption. J Endod 2000;26:503–508.

12. Bosshardt DD, Selvig KA. Dental cementum: The dynamic tissue covering of the root. Periodontol 2000 1997;13:41–75.

13. Foster BL, Popowics TE, Fong HK, Somerman MJ. Advances in defining regulators of cementum development and periodontal regeneration. Curr Top Devl Biol 2007;78:47–126.

14. Presland RB, Dale BA. Epithelial structural proteins of the skin and oral cavity: Function in health and disease. Crit Rev Oral Biol Med 2000;11:383–408.

15. Ainamo J, Löe H. Anatomical characteristics of gingiva. A clinical and microscopic study of the free and attached gingiva. J Periodontol 1966;37:5–13.

16. Shirmohammadi A, Faramarzie M, Lafzi A. A clinical evaluation of anatomic features of gingiva in dental students in Tabriz, Iran. J Dent Res Dent Clin Dent Prospects 2008;2:90–94.

17. Orban B. Clinical and histologic study of the surface characteristics of the gingiva. Oral Surg Oral Med Oral Pathol 1948;1:827–841.

18. Kyllar M, Witter K, Tichy F. Gingival stippling in dogs: Clinical and structural characteristics. Res Vet Sci 2010;88:195–202.

19. Ainamo A. Influence of age on the location of the maxillary mucogingival junction. J Periodontol Res 1978;13:189–193.

20. Ainamo A. Optimal reference line for determination of the location of the maxillary mucogingival junction in the orthopantomogram. Proc Finn Dent Soc 1977;73:70–75.

21. Bowers GM. A study of the width of the attached gingiva. J Periodontol 1963;34:201–209.

22. Voigt JP, Goran ML, Flesher RM. The width of lingual mandibular attached gingiva. J Periodontol 1978;49:77–80.

23. Hormia M, Owaribe K, Virtanen I. The dento-epithelial junction: Cell adhesion by type I hemidesmosomes in the absence of a true basal lamina. J Periodontol 2001;72:788–797.

24. Bartold PM, Walsh LJ, Narayanan AS. Molecular and cell biology of the gingiva. Periodontol 2000 2000;24:28–55.

25. Shimono M, Sugira K, Yamamura T. Intercellular junctions of normal human gingival epithelium. A study using freeze-fracture. Bull Tokyo Dent Coll 1981;22:223–236.

26. Lang NP, Lindhe J. Clinical Periodontology and Implant Dentistry, ed 6. Ames, IA: Wiley Blackwell, 2015.

27. Kobayashi K, Rose GG, Mahan CJ. Ultrastructure of the dento-epithelial junction. J Periodontal Res 1976;11:313–330.

28. Schroeder HE, Listgarten MA. The gingival tissues: The architecture of periodontal protection. Periodontol 2000 1997;13:91–120.

29. Page RC, Ammons WF, Schectman LR, Dillingham LA. Collagen fibre bundles of the normal marginal gingiva in the marmoset. Arch Oral Biol 1974;19:1039–1043.

30. Cohen B. Pathology of the interdental tissues. Dent Pract 1959;9:167–173.

31. Cohen DW. Pathogenesis of Periodontal Disease and Its Treatment. Washington, DC: Walter Reed Army Medical Center, 1962.

32. Gargiulo AW, Wentz FM, Orban B. Dimensions and relations of the dentogingival junction in humans. J Periodontol 1961;32:261–267.

33. Vacek JS, Gher ME, Assad DA, Richardson AC, Giambarresi LI. The dimensions of the human dentogingival junction. Int J Periodontics Restorative Dent 1994;14:154–165.

34. Schmidt JC, Sahrmann P, Weiger R, Schmidlin PR, Walter C. Biologic width dimensions: A systematic review. J Clin Periodontol 2013;40:493–504.

35. Berglundh T, Lindhe J, Ericsson I, Marinello CP, Liljenberg B, Thomsen P. The soft tissue barrier at implants and teeth. Clin Oral Implants Res 1991;2:81–90.

36. Moon IS, Berglundh T, Abrahamsson I, Linder E, Lindhe J. The barrier between the keratinized mucosa and the dental implant. An experimental study in the dog. J Clin Periodontol 1999;26:658–663.

37. Berglundh T, Lindhe J, Jonsson K, Ericsson I. The topography of the vascular systems in the periodontal and peri-implant tissues in the dog. J Clin Periodontol 1994;21:189–193.


2

EXAMINATION AND DIAGNOSIS

Shan-Huey Yu, DDS, MS

DEFINITIONS AND TERMINOLOGY

Clinical attachment level: The distance from the cementoenamel junction (CEJ) to the tip of a periodontal probe during periodontal diagnostic probing. The health of the attachment apparatus can affect the measurement.1

Furcation: The anatomical area of a multirooted tooth where the roots diverge.1

Furcation involvement: Pathologic resorption of bone within a furcation. The degree of interradicular bony destruction of a multirooted tooth. It is characterized by factors such as root trunk length, root concavities, and the extent of root separation.2

Recession: The migration of the marginal soft tissue to a point apical to the CEJ of a tooth or the platform of a dental implant.1

A thorough and comprehensive clinical and radiographic examination is the critical first step for establishing a proper periodontal diagnosis before a treatment plan can be developed. The objective of this chapter is to review the main components of a periodontal examination and interpretation of these parameters to aid in developing a periodontal diagnosis. The second part of this chapter is an overview of the different classifications for periodontal diseases and conditions that have been proposed and developed over the years.

Clinical Examination

To determine a proper periodontal diagnosis, clinicians should perform a periodontal examination that includes but is not limited to the following parameters2,3:


	Probing depth (PD)

	Gingival recession

	Clinical attachment level (CAL)

	Width of keratinized gingiva (KG) and attached gingiva (AG)

	Signs of gingival inflammation (ie, bleeding on probing [BOP], suppuration, gingival color and texture)

	Tooth mobility

	Degree of furcation involvement

	Extent, distribution, and pattern of radiographic bone loss

	Patient’s medical and dental history3



PROBING DEPTH

The measurement of PDs is considered to be one of the most important parameters of the periodontal examination because it provides an overall assessment of the periodontal pockets, which are usually considered as a critical sign for the establishment of a diagnosis. In addition, pockets are also the major habitats for periodontal pathogens.3 Currently, the most widely used instrument to obtain PDs in clinical practice is the conventional or manual probe. In 1936, periodontist Charles H. M. Williams created the first periodontal probe, and his invention—the Williams periodontal probe—has been the prototype or benchmark for all manual probes.4 Different types of conventional periodontal probes have been developed over the years and utilized for different indications. Box 2-1 summarizes the common types of conventional probes used in the clinic and their characteristics and indications.4

BOX 2-1 Common types of periodontal probes


Williams probe


	The graduations on this probe are 1-, 2-, 3-, 5-, 7-, 8-, 9-, and 10-mm. The 4- and 6-mm markings are absent to improve visibility and avoid confusion in reading the markings.



Merritt B probe


	The graduations and markings on this probe are the same as Williams probe.



Goldman-Fox probe


	This probe has a flattened tip. The graduations and markings on this probe are the same as Williams probe; however, the flat tip end might preclude easy access into tight or narrow pockets.



UNC 15 probe


	The graduations on this probe are 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, 14-, and 15-mm. This probe is color-coded at every millimeter demarcation, and it is suitable for deeper pockets (ie, > 10 mm).



Marquis color-coded probe


	The graduations on this probe are 3-, 6-, 9-, and 12-mm. Color markings are darker at 3–6 mm and 9–12 mm. The main disadvantage of this probe is its accuracy; the measurements are usually estimated between color markings.



Michigan O probe


	The graduations on this probe are 3-, 6-, and 8-mm and are color-coded. This probe might not be suitable for deeper pockets (ie, > 8 mm), and the measurements are also estimated between color markings.



CPITN probe


	The graduations on this probe are 3.5-, 5.5-, 8.5-, and 11.5-mm. Markings are a darker color at 3.5–5.5 mm and 8.5–11.5 mm. This probe is particularly useful for screening and monitoring patients or for epidemiologic research.





UNC, University of North Carolina; CPITN, community periodontal index of treatment needs.

Conventional probes are easily operated and inexpensive; therefore, these are the most commonly used probe system in dental clinics. However, conventional probes also present with several disadvantages4:


	The pressure applied cannot be standardized.

	Assistants are often needed to transfer measurements to a periodontal chart.

	Operator variability and errors can affect the readings of the markings.



In order to overcome these disadvantages of conventional probes, new generations of probes have been developed. These include but are not limited to the following4:


	Constant-pressure probes: Designed to be pressure sensitive, therefore allowing for standardization of the force applied during PD measurements.

	Computer-assisted/automated probes: This generation of probes was developed based on constant-pressure probes. Added features include automated detection of the measurement and computer-assisted data capture into a storage system. This minimizes possible errors from probe reading and data recording.

	3D probes: This instrument aims to develop a method to record the PD in a serial matter instead of linear measurements.

	Noninvasive probes: Probing into periodontal pockets can often be uncomfortable and/or painful to patients. This probe system is still under development, and it aims to identify the periodontal pocket and attachment level without the need to physically penetrate the tissues.



The usage of these newer probe systems is still very limited due to various considerations such as cost (more expensive), less tactile sensitivity, and less accessibility for most dentists. To date, the conventional periodontal probe is still the most popular system that is used in dental offices when a periodontal examination is performed.4

It is very important to bear in mind that, when measuring PDs with a conventional probe, there are a number of factors that can affect these measurements and their accuracy. The variables are summarized in Table 2-1.5–14

TABLE 2-1 Variables affecting probing measurements









	Reproducibility

	Operators’ experience and skills would affect the inter- and intraexaminer reproducibility.




	Probing force

	Probing force affects how deep the periodontal probes penetrate into the pocket and the connective tissue; greater probing force usually results in deeper PDs.5 It has been recommended that 30 g (0.3 N) of probing force be used during periodontal examination to allow the probe tip to remain within the junctional epithelium.6,7 Probing forces up to 50 g (0.5 N) would penetrate deeper, and the probe tip could reach closer to the alveolar bone.6,7




	Probe angulation

	Mean PDs could be 1 mm greater with midproximal compared to line-angle measurements.8




	Gingiva inflammation

	Periodontal probes tend to penetrate deeper into the gingival tissue when inflammation is present9–14:




	Healthy dentition

	Apical one-third of junctional epithelium




	Gingivitis

	Apical one-third of junctional epithelium




	Periodontitis

	Coronal one-third of connective tissue




	Posttreatment periodontitis

	Apical one-third of junctional epithelium




	Site and local anatomy

	Crown contours, defective restorations and margins, tipped or rotated teeth, osseous ledges, and subgingival calculus can all affect probing accuracy.




	Type of probe

	Different types of conventional probes, pressure-sensitive probes, and computer-assisted data recording probes could yield different measurements.




	Natural dentition versus dental implants

	Probing at an implant site usually results in deeper depths compared with probing at a natural tooth9–14:




	Healthy implant

	Apical one-third of junctional epithelium to coronal one-third of connective tissue




	Peri-implant mucositis

	Apical two-thirds of connective tissue




	Peri-implantitis

	Apical one-third of connective tissue and close proximity to bone




	Posttreatment peri-implantitis

	Apical two-thirds of connective tissue






It is also of relevance to differentiate between the terms “pocket depth” and “probing depth.” The measurement obtained with a probe into the gingiva includes not only the depth of the gingival sulcus or periodontal pocket, but also an additional distance that represents varying degrees of adjacent tissue penetration.15 Therefore, the objective when a periodontal probe is inserted into the space between the tooth and the gingiva is to measure the probing depth instead of the anatomical structure of the pocket depth, which can only be accomplished histologically.2 Listgarten also emphasized the use of the correct terminology “probing depth” when describing periodontal probing in the literature.15

CLINICAL ATTACHMENT LEVEL

The definition of CAL is the distance from the cementoenamel junction (CEJ) to the tip of a periodontal probe during diagnostic periodontal probing.1 The amount of gingival recession is needed to calculate the CAL. Recession by definition is the migration of the gingiva to a point apical to the CEJ,1 and it is often described as the distance between CEJ and the free gingival margin. Recession can be recorded as a positive (+) or negative (–) measurement. Recession is recorded as “+” when CEJ is visible and the free gingival margin is below the CEJ. However, when there is gingival enlargement, recession is recorded as a negative “–” measurement (Fig 2-1). CAL can then be calculated by adding PD and recession (making sure to include “+” or “–”). In Fig 2-1, all four case scenarios measured 6 mm PD; however, when recession is taken into account to determine the CAL, it is clear that the degree of periodontal destruction of these four cases is very different. Therefore, compared with PD, the level of CAL can provide a better overall estimate of the periodontium, and it usually correlates better with radiographic bone loss.3


[image: ]


Fig 2-1 Representation of different situations with 6 mm PD and different attachment levels. Rec, recession.



ATTACHED GINGIVA AND KERATINIZED GINGIVA

The amount of AG and the width of KG are also important clinical parameters to record during a comprehensive periodontal evaluation. AG extends from the free gingival marginal groove to the mucogingival junction (MGJ), and it is the portion of the gingiva bonded to the tooth and the alveolar bone through gingival fibers1 (Fig 2-2). On the other hand, KG includes free (marginal) gingiva and the AG. Around teeth, healthy and uninflamed gingival tissue usually encompass a band of AG, which is crucial to defend against pathogens.2


[image: ]


Fig 2-2 Gingival landmarks.



Lang and Löe performed a clinical study evaluating the inflammation status by examining gingival exudate of teeth with or without 2 mm of KG.16 The results from this investigation indicated that most teeth with < 2 mm of KG presented with clinical inflammation and varying amounts of exudate while surfaces with ≥ 2 mm of KG were healthy, and most of these surfaces showed no exudate.16 Therefore, it was concluded that 2 mm of KG and 1 mm of AG are needed to maintain periodontal stability.16 Nevertheless, evidence from another study demonstrated that when good plaque control is achieved through adequate home care, the presence of AG/KG is not an essential prerequisite for the maintenance of periodontal health and attachment.17 Overall, it is generally accepted that the presence of a collar of KG and AG is beneficial for the long-term stability of the periodontium, and even more important when oral hygiene is not optimal. The MGJ and the width of KG can be determined using the methods demonstrated in Fig 2-3 and Box 2-2.2,16
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Fig 2-3 Visual examination of the MGJ. The arrow indicates the junction between the KG and the mucosa. KG presents as a coral pink color, while mucosa is redder.



BOX 2-2 Methods to determine the location of MGJ and the width of KG3,16








	Visual


	Examine for color difference. AG/KG of healthy gingiva usually presents a coral pink coloration, while mucosa is darker and redder (see Fig 2-3).




Schiller’s iodine test


	Oral mucosa can be stained with an iodine solution because of the glycogen distribution, while KG is iodine-negative.16



Roll technique


	Oral mucosa is movable while AG/KG is bonded to tooth surface and bone. A clear demarcation (MGJ) would appear when rolling from movable mucosa to AG/KG.










BLEEDING ON PROBING

BOP is another important parameter to record during periodontal examination, and it indicates evidence of gingival inflammation. A prospective study by Lang and colleagues evaluated the prognostic value of sites with BOP and the risk for periodontal breakdown of at least 2 mm of attachment loss during periodontal maintenance therapy.18 The results showed that only a 30% probability of future attachment loss may be predicted for sites repeatedly positive for BOP (Table 2-2).18 Further calculations confirmed that frequent BOP for prediction of future attachment loss yields a specificity of 88%, and the continuous absence of BOP has a positive predictive value of 98%.19 Therefore, it is of paramount importance to understand that BOP alone does not represent a good positive predictor for disease progression7; instead, studies have shown that absence of BOP is a more reliable parameter to indicate periodontal stability.19 BOP is also sensitive to the forces applied with the probe2,19; therefore, Lang et al suggested a probing force of 25 g (0.25 N) when recording BOP, as heavier pressures (> 25 g) might traumatize the gingival tissue and provoke bleeding.19 In conclusion, the presence of BOP has low sensitivity and high specificity with respect to the development of additional attachment loss. For clinicians to monitor patients’ periodontal stability over time in daily practice, the absence of BOP at 25 g is a reliable indicator for periodontal stability with a negative predictive value of 98%.7,18,19

TABLE 2-2 Positive predictive values for loss of  attachment of ≥ 2 mm in 2 years in sites that bled on  probing 0, 1, 2, 3, or 4 times out of 4 maintenance visits18








	BOP incidence

	Sites with loss of attachment > 2 mm




	4/4

	30%




	3/4

	14%




	2/4

	6%




	1/4

	3%




	0/4

	1.5%






FURCATION INVOLVEMENT

The furcation is the anatomical area of a multirooted tooth from where the roots diverge and form bifurcation (two-rooted tooth) or trifurcation (three-rooted tooth).2 Furcation involvement or furcation invasion describes the pathologic resorption of bone within a furcation area1,2,20 (Fig 2-4). The Nabers furcation probe is widely used and suited for detection and examination of furcation involvement.2,20 The extent and configuration of furcation involvement can be characterized by anatomical factors including but not limited to presence of cervical enamel projections, enamel pearls, root trunk distance, tooth surface concavities, and the extent of root separation. The following summarizes the furcation entrances of multirooted teeth to aid in detection of furcation involvement20:
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Fig 2-4 Furcation entrance on a mandibular first molar.




	Maxillary premolar:

	Furcation involvement can be detected from the mesial or distal surface; the entrance is located at the apical third of the root and/or approximately 8 mm below the CEJ.





	Maxillary molars:

	Buccal entrance: Centered mesiodistally.

	Mesial entrance: Two-thirds of the buccolingual width toward the palatal aspect, easier to approach from mesiopalatal aspect.

	Distal entrance: Furcation entrance is centered buccolingually and can be examined from either the buccal or palatal aspect.





	Mandibular molars:

	Buccal entrance: Centered mesiodistally at the buccal surface.

	Lingual entrance: Centered mesiodistally at the lingual surface.







The amount of furcation involvement of a multirooted tooth can be registered depending on the horizontal and vertical amount of bony destruction into the furcation area.20–22 Many systems have been proposed for classifying furcation involvement.2 Hamp’s classification is one of the most commonly used for furcation destruction.22 A brief review of three systems is presented in the following sections.2,20–23

Horizontal destruction

Glickman (1958) divided furcation involvement into 4 grades21:


	Grade I: Pocket formation into the flute but intact interradicular bone. Incipient lesion.

	Grade II: Loss of interradicular bone and pocket formation of varying depths into the furcation area but not completely through to the opposite side of the tooth.

	Grade III: Through-and-through lesion.

	Grade IV: Same as Grade III with through-and-through lesion with gingival recession, rendering the furcation area clearly visible on clinical examination.



Hamp et al (1975) proposed three levels of furcation involvement22 (Fig 2-5):
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Fig 2-5 Different degrees of furcation involvement.




	Degree I: Horizontal loss of periodontal tissue support < 3 mm.

	Degree II: Horizontal loss > 3 mm, but not passing the total width of the furcation.

	Degree III: Horizontal through-and-through destruction.



Vertical destruction

Tarnow and Fletcher (1985) proposed the following classification based on the vertical bone loss around furcations. It is encouraged to supplement each category of horizontal destruction with a subclass based on the vertical bone resorption.23


	Subclass A: 0 to 3 mm probeable depth.

	Subclass B: 4 to 6 mm probeable depth.

	Subclass C: ≥ 7 mm probeable depth.



MOBILITY

The definition of tooth mobility is the movement of a tooth in its socket resulting from an applied force.1 Increase in tooth mobility is often a sign of periodontal breakdown and/or presence of excessive occlusal forces.1 Tooth mobility is detected by using the ends of two instruments (eg, mirror handle) on either side of the tooth and alternately applying forces.2 The most commonly used clinical index for tooth mobility is the Miller Index; using this index, mobility can be scored as the following2,24:


	Class 0: Normal (physiologic) movement when force is applied. It has been defined as movement up to 0.2 mm horizontally and 0.02 mm axially.

	Class I: First distinguishable sign of movement greater than “normal” or “physiologic.”

	Class II: Movement of the crown up to 1 mm in any direction (buccolingual or mesiodistal).

	Class III: Movement of the crown more than 1 mm in any direction (buccolingual or mesiodistal) and/or vertical depression (apicocoronal) or rotation of the crown in its socket.



Radiographic Interpretation

Clinical periodontal examination provides information with regard to PDs, recession defects, AG/KG, and more; however, it cannot reveal the status of the alveolar bone. The alveolar bone is another critical aspect to take into consideration to accurately diagnose different periodontal diseases and conditions.2 Dental radiographs are the most commonly used noninvasive method of examining alveolar bone levels. Other valuable information that can be obtained through radiographic examination includes subgingival calculus deposition, root length and form, crown-to-root ratio, presence of periapical lesions, periodontal ligament space, root proximity, and the destruction of alveolar bone.2,7

Clinicians should keep in mind the following limitations of conventional dental radiography when interpreting radiographs during the examination phase3,7,25:


	Radiographs do not show periodontal pockets.25

	Radiographs cannot distinguish between posttreatment periodontitis and active periodontitis.25

	Radiographs do not show buccal and lingual aspects of tooth and alveolar bone.25

	Radiographs cannot detect tooth mobility.25

	Radiographs can provide evidence of past destruction to the periodontium, but they cannot identify sites with active or ongoing periodontal inflammation.7

	Clinical attachment loss always precedes visual radiographic changes by approximately 6 to 8 months, and clinical attachment variations are greater than radiographic changes.26

	Radiographic changes are detectable by simple visual inspection when approximately 30% to 50% of the bone mineral has been lost.27



The presence or absence of the crestal lamina dura is another common interpretation of radiographs for diagnosing periodontitis. Rams et al28 observed that the presence of intact crestal lamina dura is positively correlated to periodontal stability over a 2-year follow up period. However, no significant relationship could be found between future periodontal breakdown and lack of crestal lamina dura.28 A recent publication by Rams et al also reported similar findings and concluded that patients with angular bony morphology and PD greater than 5 mm poses a significant risk of periodontitis progression after treatment. However, if intact crestal lamina dura is present, despite the bony morphology, clinical stability for at least 24 months can be anticipated.29 Also, molar furcation involvement can sometimes be observed on radiographs. Hardekopf et al were the first to describe the radiographic features of maxillary molars with furcation destruction: a triangular radiographic shadow, commonly known as “furcation arrow,” can be noted over the mesial and distal proximal areas of maxillary molars.30 The clinical reliability of the presence of furcation arrow can be subjective and also greatly dependent on the degree of destruction. For instance, when furcation arrows are present on radiographs, these can only predict actual furcation invasion 70% of the time. On the other hand, when there is true furcation involvement, a furcation arrow is seen in less than 40% of the sites.31 It has been reported that the presence of furcation arrow for diagnosing furcation involvement on maxillary molars has a low sensitivity (38.7%) and high specificity (92.2%).31 When mandibular molars suffer from furcation involvement, radiolucency can be noted at the area where roots start to separate.

In recent years, the utilization of CBCT has been rapidly increasing in popularity. CBCT has become an integral tool for researchers and clinicians, mostly applied to the implant field. As such, the use of CBCT imaging for the diagnosis of periodontitis has also been studied. However, in 2017, the American Academy of Periodontology reported that even though its use may be beneficial in selective cases, there is limited evidence to support the use of CBCT for the different types of bony defects, and there are no guidelines for its application to periodontal treatment planning.32

Advanced and Emerging Examination

Periodontitis is a multifactorial disease involving the combination of dysbiosis of oral bacteria and an overreacted immune response from the host.33 One of the disadvantages of the clinical periodontal evaluation is that these examinations only record destruction that has already occurred, such as the bone loss pattern and periodontal pockets. Therefore, patients would greatly benefit from techniques that detect the development of periodontal inflammation before tissue breakdown occurs and prevent further complications such as bone loss, tooth mobility, and ultimately tooth loss. The major rationale to develop advanced methods for examination is to detect disease activity at a subclinical level in order to provide early diagnosis and create a treatment plan tailored to each individual.34

Researchers and scientists have been investigating possible periodontitis-related biomarkers that could be used to distinguish between healthy and diseased patients.34 These biomarkers can be collected from saliva, which can demonstrate overall periodontal health at a subject level, or gingival crevicular fluid, which is site specific.34 For instance, proportions of specific periodontal pathogens, pro- and anti-inflammatory cytokines, and tissue-degradation products have all been studied to differentiate between healthy and periodontitis subjects. Among all biomarkers, interleukin-1 (IL-1) is one of the most notable proinflammatory cytokines that has been extensively studied in the periodontal field.34,35 Periodontal pathogens that have been extensively studied and proved to be closely linked to the development of periodontitis include Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia, Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, and more.2,36 Research in the field of advanced examination and biomarkers is still ongoing, and the results have indicated a promising future for early detection of periodontitis. However, these examinations are still not routinely utilized, due at least in part to the additional costs and disassociation to treatment options (ie, the test results would not alter the treatment plan).34

Classifications of Periodontal Diseases and Conditions

Classification systems are essential to properly study the diagnosis, etiology, pathogenesis, and treatment of the different diseases. As such, the field of periodontology has witnessed the creation and continued update of different classification systems since the early 1940s. The first World Workshop in Periodontics37 was held in Ann Arbor, Michigan, on June 6 to 9, 1966, and the most recent World Workshop took place in Chicago on November 9 to 11, 2017, with the related publications released in June 2018.38 Understanding the development and the variations among the different classifications is critical for comprehending the literature published in different eras.

1989 WORLD WORKSHOP IN CLINICAL PERIODONTICS

One of the first major and comprehensive classifications of periodontitis emerged from the World Workshop in 1989.37 On this date, the World Workshop in Clinical Periodontics gathered scientists and researchers to develop a classification for periodontal diseases. There were essentially five different classifications, which are listed in Box 2-3.37

BOX 2-3 Classification proposed in 1989 World Workshop in Clinical Periodontics37








	

	Adult periodontitis (> 35 y)

	Early-onset periodontitis (≤ 35 y)

	Prepubertal periodontitis (< 13 y)

	Generalized

	Localized




	Juvenile periodontitis (13 to 26 y)

	Generalized

	Localized




	Rapid progressive periodontitis (25 to 35 y)




	Periodontitis associated with systemic diseases

	Necrotizing ulcerative periodontitis

	Refractory periodontitis










Under the 1989 classification system, age of onset and distribution of lesions were taken into consideration for classifying adult periodontitis and early onset periodontitis as well as the subforms of early-onset periodontitis that included prepubertal periodontitis (generalized/localized), juvenile periodontitis (generalized/ localized), and rapidly progressive periodontitis.37

1999 INTERNATIONAL WORKSHOP FOR A CLASSIFICATION OF PERIODONTAL DISEASES AND CONDITIONS

The 1989 classification raised problems in several areas39:


	Considerable overlap in disease categories

	Absence of a gingival disease component

	Inappropriate emphasis on age of onset of disease and rates of progression

	Inadequate or unclear classification criteria



Therefore, the next landmark classification was the 1999 International Workshop for a Classification of Periodontal Diseases and Conditions, which addressed some of the problems in the previous classification. The major changes in the classification system for periodontal diseases included (Box 2-4)39:

BOX 2-4 Summary of 1999 International Workshop for a Classification of Periodontal Diseases and Conditions39









	

	Gingival diseases 

	Dental plaque–induced gingival diseases

	Gingivitis associated with dental plaque only

	Gingival diseases modified by systemic factors

	Gingival diseases modified by medications

	Gingival diseases modified by malnutrition




	Non-plaque-induced gingival lesions

	Gingival diseases of specific bacterial origin

	Gingival diseases of viral origin

	Gingival diseases of fungal origin

	Gingival lesions of genetic origin

	Gingival manifestations of systemic conditions

	Traumatic lesions (factitious, iatrogenic, accidental)

	Foreign body reactions

	Not otherwise specified (NOS)







	Chronic periodontitis

	Localized (≤ 30% of sites involved)

	Generalized (> 30% of sites involved)




	Aggressive periodontitis 

	Localized (≤ 30% of sites involved)

	Generalized (> 30% of sites involved)




	Periodontitis as a manifestation of systemic diseases

	Associated with hematologic disorders

	Acquired neutropenia

	Leukemias

	Other




	Associated with genetic disorders

	Familial and cyclic neutropenia

	Down syndrome

	Leukocyte adhesion deficiency syndromes

	Papillon–Lefèvre syndrome

	Chediak-Higashi syndrome

	Histiocytosis syndromes

	Glycogen storage disease

	Infantile genetic agranulocytosis

	Cohen syndrome

	Ehlers-Danlos syndrome (Types IV and VIII)

	Hypophosphatasia

	Other




	Not otherwise specified (NOS)

	Necrotizing ulcerative periodontitis (NUP)




	Necrotizing periodontal diseases

	Necrotizing ulcerative gingivitis (NUG)

	Necrotizing ulcerative periodontitis (NUP)




	Abscesses of the periodontium

	Gingival abscess

	Periodontal abscess

	Pericoronal abscess




	Periodontitis associated with endodontic lesions

	Combined periodontic-endodontic lesions




	Developmental or acquired deformities and conditions

	Localized tooth-related factors that modify or predispose to plaque-induced gingival diseases/periodontitis

	Tooth anatomical factors

	Dental restorations/appliances

	Root fractures

	Cervical root resorption and cemental tears




	Mucogingival deformities and conditions around teeth

	Gingival/soft tissue recession

	Lack of keratinized gingiva

	Decreased vestibular depth

	Aberrant frenum/muscle position

	Gingival excess




	Mucogingival deformities and conditions on edentulous ridges

	Vertical and/or horizontal ridge deficiency

	Lack of gingiva/keratinized tissue

	Gingival/soft tissue enlargement

	Aberrant frenum/muscle position

	Decreased vestibular depth

	Abnormal color




	Occlusal trauma

	Primary occlusal trauma

	Secondary occlusal trauma

















	Addition of a section on gingival diseases

	Replacement of “Adult periodontitis” with “Chronic periodontitis”

	Replacement of “Early-onset periodontitis” with “Aggressive periodontitis”

	Elimination of a separate disease category for Refractory periodontitis

	Clarification of the designation “Periodontitis as a manifestation of systemic diseases”

	Replacement of “Necrotizing ulcerative periodontitis” with “Necrotizing periodontal diseases”

	Addition of “Periodontal abscesses” category

	Addition of “Periodontic-endodontic lesions” category

	Addition of “Developmental or acquired deformities and conditions” category



2017 WORLD WORKSHOP ON THE CLASSIﬁCATION OF PERIODONTAL AND PERI-IMPLANT DISEASES AND CONDITIONS

In order to update the 1999 classification of periodontal diseases and conditions,39 an organizing committee from the American Academy of Periodontology (AAP) and the European Federation of Periodontology (EFP) commissioned the world workshop that was held in Chicago on November 9 to 11, 2017.38 The world workshop included expert participants in the field of periodontology and implant dentistry from around the world. The scope of the 2017 world workshop was to align and update the classification scheme to the current understanding of periodontal and peri-implant diseases and conditions. Therefore, in addition to updating the 1999 classiﬁcation of periodontal diseases and conditions, this was also the first world consensus to develop a classification scheme for peri-implant diseases and conditions.38

A brief classification scheme for the 2017 world workshop is presented in Box 2-5,38 and major changes to the 1999 classification include the following40:

BOX 2-5 2017 World Workshop on the Classiﬁcation of Periodontal and Peri-implant Diseases and Conditions38









	

	Periodontal health, gingival diseases/conditions

	Periodontal health and gingival health 

	Clinical gingival health on an intact periodontium

	Clinical gingival health on a reduced periodontium

	Stable periodontitis patient

	Non-periodontitis patient







	Gingivitis: Dental biofilm–induced 

	Associated with dental biofilm alone

	Meditated by systemic or local risk factors

	Drug-influenced gingival enlargement




	Gingival diseases: Non-dental-biofilm-induced

	Genetic/developmental disorders

	Specific infections

	Inflammatory and immune conditions

	Reactive processes

	Neoplasms

	Endocrine, nutritional, and metabolic diseases

	Traumatic lesions

	Gingiva pigmentation







	Forms of periodontitis

	Necrotizing periodontal diseases

	Necrotizing gingivitis

	Necrotizing periodontitis

	Necrotizing stomatitis




	Periodontitis as manifestation of systemic diseases

	Periodontitis

	Stages: Based on severity and complexity of management

	Stage I: Initial periodontitis

	Stage II: Moderate periodontitis

	Stage III: Severe periodontitis with potential for additional tooth loss

	Stage IV: Severe periodontitis with potential for loss of the dentition




	Extent and distribution: Localized (< 30% teeth); generalized (≥ 30% teeth); molar-incisor distribution

	Grades: Evidence of risk of rapid progression, anticipated treatment

	Grade A: Slow rate of progression

	Grade B: Moderate rate of progression

	Grade C: Rapid rate of progression










	Periodontal manifestation of systemic diseases and developmental and acquired conditions

	Systemic diseases or conditions affecting the periodontal supporting tissues

	Other periodontal conditions

	Periodontal abscesses

	Endodontic-periodontic lesions




	Mucogingival deformities and conditions around teeth

	Gingival biotype

	Gingival/soft tissue recession

	Lack of gingiva

	Decreased vestibular depth

	Aberrant frenum/muscle position

	Gingival excess

	Abnormal color

	Condition of the exposed root surface




	Traumatic occlusal forces

	Primary occlusal trauma

	Secondary occlusal trauma

	Orthodontic forces




	Prosthesis- and tooth-related factors that modify or predispose to plaque-induced gingival diseases/periodontitis

	Localized tooth-related factors

	Localized dental prosthesis–related factors







	Peri-implant diseases and conditions

	Peri-implant health

	Peri-implant mucositis

	Peri-implantitis

	Peri-implant soft and hard tissue deficiencies














	The 2017 workshop characterized periodontal health and gingival inflammation in a reduced periodontium after completion of successful treatment of a patient with periodontitis.

	The workshop agreed that, consistent with current knowledge on pathophysiology, three forms of periodontitis can be identified:

	Necrotizing periodontitis

	Periodontitis as a manifestation of systemic disease

	Periodontitis





	The forms of the disease previously recognized as “chronic” or “aggressive” are now grouped under a single category, “periodontitis.”

	A new classiﬁcation framework for periodontitis was established and further characterized based on a multidimensional staging and grading system that can be adapted over time as new evidence emerges.

	Goals of staging a periodontitis patient40:

	Classify severity and extent of an individual based on currently measurable extent of destroyed and damaged tissue attributable to periodontitis.

	Assess specific factors that may determine complexity of controlling current disease and managing long-term function and esthetics of the patient’s dentition.





	Goals of grading a periodontitis patient40:

	Estimate future risk of periodontitis progression and responsiveness to standard therapeutic principles, to guide intensity of therapy and monitoring.

	Estimate potential health impact of periodontitis on systemic disease and the reverse, to guide systemic monitoring and cotherapy with medical colleagues.









	A new classiﬁcation scheme for dental implants was developed by the workshop, including the following: peri-implant health, peri-implant mucositis, peri-implantitis, and peri-implant soft and hard tissue deficiencies.



Conclusion

The diagnosis represents the first stage and one of the most critical phases in the sequence of treatment for periodontal patients. An appropriate and accurate diagnosis is essential for continuing with the next phases of treatment (establishing an etiology, prognosis, treatment plan, etc). Without a proper diagnosis, the treatment plan may be incomplete or even harmful to the patient. Consequently, it is of paramount importance to understand and properly utilize the multitude of tools pertaining to the acquisition of data for the creation of a diagnosis. Last, while some of these parameters may be of greater diagnostic value than others, the diagnosis should be formed based on the information obtained from all these different tools and methods of examination, including both clinical and radiographic evidence. Relying on a single parameter can also result in incomplete or inadequate diagnosis.
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GINGIVITIS AND PERIODONTITIS

Carlos Parra Carrasquer, DDS
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DEFINITIONS AND TERMINOLOGY

Aggressive periodontitis: A diverse group of highly destructive forms of periodontitis affecting primarily young individuals, including conditions formerly classified as “early-onset periodontitis” and “rapidly progressing periodontitis.”1

Chronic periodontitis: Forms of destructive periodontal disease that are generally characterized by slow progression.1

Epidemiology: The study of the distribution of disease or a physiologic condition in human populations and of the factors that influence this distribution.2

Gingivitis: Site-specific inflammatory condition initiated by dental biofilm accumulation and characterized by gingival redness and edema and the absence of periodontal attachment loss.3

Incidence: The frequency in which some event, such as a disease or trait, appears in a particular population or area.

Necrotizing ulcerative gingivitis: An infection characterized by gingival necrosis presenting as “punched out” papillae, with gingival bleeding and pain. Halitosis and pseudomembrane formation may be secondary diagnostic features. Fusiform bacteria, Prevotella intermedia, and spirochetes have been associated with the lesion. Predisposing factors may include stress, poor diet, smoking, and HIV infection.4

Necrotizing ulcerative periodontitis: An infection characterized by necrosis of gingival tissues, periodontal ligament, and alveolar bone. These lesions are most commonly observed in individuals with systemic conditions, including but not limited to HIV infection, malnutrition, and immunosuppression.4

Periodontal health: State free of inflammatory periodontal disease.5

Periodontitis: Chronic multifactorial inflammatory disease associated with dysbiotic plaque biofilms and characterized by progressive destruction of the tooth-supporting apparatus.1

Prevalence: The proportion of a population that has a specific characteristic at a given time.

Periodontal diseases are the result of a complex interaction between bacterial plaque, the host’s immune response, and modifying factors that may impact the course of the disease. Periodontitis in particular represents a chronic inflammatory disease typically resulting in the apical migration of the junctional epithelium along with destruction of connective tissue attachment and alveolar bone. While microbial plaque and its byproducts are the main etiologic factors initiating the disease, it is the host’s response to bacterial challenge that accounts for most of the periodontal destruction. Modifying factors such as diabetes, smoking, obesity, and genetic predisposition, among others, may exacerbate the progression of periodontal disease. Also, many of the features of periodontal disease are derived from the unique anatomy of the periodontium, in which a hard nonshedding structure (ie, a tooth) is partially embedded within the maxillary and mandibular processes.

This chapter focuses on the epidemiology, etiology, and pathogenesis, as well as the characteristics of the different forms of periodontal disease. It is important to mention that, while acknowledging the latest classification in periodontal diseases and conditions from the 2017 World Workshop (see chapter 2), several terms pertinent to previous classifications, including chronic periodontitis and aggressive periodontitis, have been used for clarification purposes.

Epidemiology

Epidemiologic studies must be conducted in humans, comprising a control or comparison group, and should consider all clinically relevant endpoints. These studies must provide data on the prevalence of periodontal diseases in different populations, as well as the severity of the cases. Additionally, the studies should clarify aspects of the etiology and risk factors and should provide information regarding the effectiveness of preventive and therapeutic measures on the population. Information on epidemiologic studies is gathered by clinical and radiographic assessment of the periodontal status. On the other hand, an index is a numeric value that is often used to describe the relative status of the population on a scale with definite upper and lower limits.6 Since the 1950s, different clinical, laboratory, and radiologic recording systems and indices have been used to measure the prevalence, extent, and severity of periodontal diseases at individual and population levels. Indices require validity, reliability, clarity, simplicity, objectivity, quantifiability, sensitivity, and acceptability by both the examiner and the subject.7–9 Some of the most commonly used in periodontology indices are shown in Box 3-1.10–17

BOX 3-1 Commonly employed indices in periodontics10–17








	Assessment of periodontal inflammation


	Gingival Index10

	Gingival Bleeding Index11



Assessment of plaque


	Plaque Index12

	Hygiene Analysis Index13



Assessment of loss of periodontal support


	Russell’s Periodontal Index14

	Periodontal Disease Index15



Radiographic assessment of radiographic bone loss


	Schei’s ruler16

	Percent of bone loss



Assessment of periodontal treatment needs


	Community Periodontal Index of Treatment Needs17










PREVALENCE

One of the major challenges in assessing the prevalence of periodontal diseases relies on the great heterogeneity of indices used, the variations within population, the measurement errors, and the subjectivity of the examiners. However, recent epidemiologic studies have attempted to identify and overcome these issues.

Periodontitis

Between 2009 and 2014, the National Health and Nutrition Examination Survey (NHANES) conducted a survey on the prevalence of periodontitis among adults in the United States.18 The findings were as follows:


	42.2% of adults 30 years or older have periodontitis

	7.8% have severe periodontitis

	34.4% have mild or moderate periodontitis





	59.8% of adults 65 years or older have periodontitis



Gingivitis

It is estimated that more than 82% of adolescents in the United States have signs of gingival bleeding and therefore gingivitis.19 Additionally, more than 75% of the adults in the United States have signs of gingivitis.20 Consequently, gingivitis is prevalent at all ages and is considered the most common form of periodontal disease.21–23

Aggressive periodontitis

It is estimated that the prevalence of aggressive periodontitis among US schoolchildren is around 0.4% for 13- to 15-year-olds and 0.8% for 16- to 19-year-olds.24 Löe and Brown25 in 1991 as well as Albandar et al24 in 1997 found that the prevalence of aggressive periodontitis is highest among African Americans (2.64% and 2.6%), followed by Hispanic Americans (1.08% and 0.5%), whereas White Americans had the lowest prevalence (0.17% and 0.06%). In most populations, the prevalence of aggressive periodontitis is similar in males and females.26

Tooth loss

The main reason for tooth extraction in the ages up to 40 to 45 years is dental caries. On the other hand, periodontal disease is the major cause of tooth loss in older adults. In fact, extractions for periodontal reasons increase with age and account for over two-thirds of all extractions in adults over 50 years of age.27 Second molars and mandibular incisors are the teeth most frequently extracted for periodontal reasons.28

Dental Biofilm

The human oral microbiome is an exceptional habitat for many different species of bacteria. Data from molecular and culture studies with the support of the United States National Institute of Health and the Human Microbiome Project have shown that approximately 700 distinct bacterial phyla may be able to live in the oral cavity.29 Nevertheless, not all of them will be present simultaneously in a particular individual. It has been estimated that an individual subject may harbor about 100 to 200 taxa in the mouth.30 In addition, some species are site specific, while other species are subject specific.31

Oral bacteria will produce various polysaccharides and glycoproteins that have the ability to adhere to other suspended or planktonic microorganisms (coaggregation) or to other already-adhering microorganisms or surfaces (coadhesion). Additionally, salivary glycoproteins and antibodies will form the acquired pellicle on the tooth surface, which facilitates bacterial adhesion.

In 1998, Socransky et al32 were able to use the checkerboard DNA-DNA hybridization technique to identify different groups of bacteria that often exist together in subgingival plaque. Five bacterial clusters were identified and classified into different colors: red, orange, purple, yellow, and green (Fig 3-1).32 Additionally, a relationship between those bacterial clusters was identified, categorizing them in different stages and severity of periodontal disease. Actinomyces (purple complex), Streptococcus (yellow complex), and Capnocytophaga (green complex) species are considered early colonizers because these will be the first microorganisms colonizing the tooth surface. Usually the early or primary colonizers are facultative anaerobic gram-positive cocci. Later, secondary colonizers like Fusobacterium nucleatum or Prevotella intermedia (orange complex) will interact with the early colonizers, and the shift to gram-negative anaerobic bacterial flora will begin. Finally, the late colonizers, red complex bacteria such as Porphyromonas gingivalis, Treponema denticola, or Tannerella forsythia, will coaggregate with the secondary colonizers, resulting in a more pathogenic microbiota (Fig 3-2).33,34


[image: ]


Fig 3-1 Microbial complexes. (Adapted from Socransky et al.32)




[image: ]


Fig 3-2 Spatiotemporal model of oral bacteria colonizing a tooth surface. Early colonizers will attach to specific receptors on molecules of the acquired pellicle. Coadhesion of secondary colonizers, and specifically of F nucleatum, will play a role of “bridging” species from early and late colonizers because it has the ability to coaggregate with multiple bacteria. (Adapted with permission from DÜzgÜnes.34)



These bacteria associations are regulated by quorum sensing, which is the ability to detect and respond to cell density and thereby coordinate cell behavior. As such, bacteria secrete and detect autoinducer molecules, which accumulate in a cell density–dependent manner and regulate the expression of specific genes.35 A major advantage for bacteria grouped in the biofilm is the protection it provides against environmental factors such as host-defense mechanisms and toxic substances in the environment, such as antimicrobials. Along with providing protection, biofilms also facilitate the uptake of nutrients and water, as well as the removal of metabolic waste products.36 As a result, it has been estimated that organisms in biofilms could be up to 1,000 times more resistant to antibiotics as compared with their planktonic state.37

Dental calculus usually represents mineralized bacterial plaque. Supragingival calculus will be located coronal to the gingival margin and is usually whitish to dark yellow or brown, hard, with a claylike consistency and easily detachable from the tooth surface. Its rate of formation will depend on the bacterial plaque present and on the quality and quantity of the secretions of the salivary glands. Subgingival calculus is located apical to the gingival margin, so it is not visible on routine clinical examination. Occasionally, subgingival calculus may be visible in dental radiographs. Both sub- and supragingival calculus provide perfect environments for bacterial adhesion, growth, and maturation, as well as increase the surface for bacterial colonization. It is important to mention that sterilized38 or disinfected39 calculus does not trigger a marked inflammatory reaction, but the bacterial plaque attached to it will. For this, calculus is considered a secondary factor for periodontal disease, as it provides an ideal surface topography for plaque accumulation.

Theories of Pathogenesis

Different theories have emerged throughout the years trying to relate dental plaque and the transition from health to disease. Most of the theories have evolved and adapted based on the microbial and host response knowledge at the time.

NONSPECIFIC PLAQUE THEORY

Initially, the most common hypothesis was that periodontal infections were caused by a nonspecific overgrowth of bacteria.40–42 Regardless of the specific types of microorganisms present, the most important factor was the increased amount of bacterial load in the periodontal tissues. Based on this hypothesis, the host would have a defined threshold, and periodontal disease would develop if that threshold became surpassed by increased amounts of bacteria, bacterial byproducts, and virulence factors.43 This theory supports the notion that the most effective method to prevent and arrest disease progression is by the mechanical removal of plaque.

SPECIFIC PLAQUE THEORY

In 1976, Walter J. Loesche41 described the specific plaque hypothesis, postulating that dental caries was a bacteria-specific infection, particularly originated by Streptococcus mutans, and that acute necrotizing ulcerative gingivitis was caused by specific intermediate-sized spirochetes, as well as Bacteroides melaninogenicus (known today as Prevotella melaninogenica).

The specific plaque hypothesis was further developed in the 1970s and 1980s, when more advanced culture and bacterial identification techniques were developed.44,45 Key periodontal pathogens related to severe and aggressive periodontal diseases were identified, such as Aggregatibacter actinomycetemcomitans, P gingivalis, T forsythia, or T denticola.32,46,47 In light of the increased microbiologic understanding, it became evident that periodontal destruction was not only influenced by quantity, but also by the qualitative composition of bacterial plaque.41

ECOLOGICAL PLAQUE HYPOTHESIS

In 1994, Marsh48 described the ecological plaque hypothesis, which encompasses the previous plaque theories relating bacterial plaque and the host response. Thus, specific bacteria as well as the total amount of bacterial plaque contribute to the development and progression of periodontal disease. Changes in the environment (eg, ecological stress) increase the competitiveness of putative pathogens at the expense of species associated with oral health, resulting in an upregulation of the expression of virulence factors. Therefore, there is a link between local environmental conditions and the activity and composition of the biofilm.49

In conclusion, the different dental plaque and bacteria hypotheses are dynamic theories that continue to evolve as new evidence and pathogenic mechanisms are unveiled.

Gingivitis

Plaque-induced or dental biofilm–induced gingivitis refers to an inflammatory response of the gingival tissues occurring secondary to bacterial plaque accumulation around the gingival margin.40,50 In order to understand the initiation and progression of this inflammatory condition, Löe et al40 performed an experimental gingivitis study. For this investigation, patients with healthy gingiva were asked to withdraw from all oral hygiene methods until the inflammatory changes were observed. Gingivitis developed within 10 days for three subjects, while for the remaining nine subjects it took between 15 and 21 days. Once these inflammatory changes were observed, patients were instructed to resume oral hygiene methods, and gingival health was regained within a week, also reestablishing the original bacterial flora. While simple in design, this study proved several concepts: (1) the bacterial plaque is the etiology of the disease, (2) the differences in the response suggest different progressions models and susceptibility of patients, and (3) gingivitis is reversible.40

In addition, bacteriologic changes were also evaluated. Healthy gingiva presented with small groups of bacteria mainly composed of gram-positive cocci and short rods. The initial stages of plaque accumulation (ie, 1 to 2 days) yielded an increase in rods and cocci followed by an accumulation of filamentous forms and fusobacteria (2 to 4 days) accompanied by further leukocyte accumulation. During the last phase, the predominant bacterial flora was characterized by Vibrio spp and spirochetes with still a large number of cocci, rods, and filamentous organisms as well as a heavy leukocyte accumulation. One year later, the same group performed a follow-up investigation demonstrating the increase in complexity of the microbial flora when gingivitis was established.51 During the next decades, several other investigations focused on the progression and the different stages of gingivitis.52–54 It is important to mention the methodologic differences among these studies. Page and Schroeder52 reviewed the progression of gingivitis based on animal and human studies. Seymour et al54 carried out experimental gingivitis in dental students. Last, Kornman et al53 reviewed the relationship between bacterial challenge and host immunity during the progression of gingivitis.

Clinical signs and symptoms of plaque-induced gingivitis include edema, bleeding, erythema, tenderness, gingival enlargement, and halitosis.55,56 In addition, the severity of these symptoms can vary among individuals and can be influenced by a variety of anatomical and restorative factors.57,58 While gingivitis does not directly cause tooth loss, the prevention and early treatment of this condition represents a key component of the prevention of periodontitis.59

Dental plaque–induced gingivitis can also be associated with dental biofilm alone, or on the other hand, it can be potentially modified or mediated by a variety of local and systemic factors including sex steroid hormones, hyperglycemia, leukemia, smoking, malnutrition, certain subgingival restorations, and hyposalivation.50 Moreover, drug-influenced gingival enlargements can also occur secondary to antiepileptic drugs, certain calcium channel blockers, immunoregulators, and high-dose oral contraceptives.50 It is important to bear in mind that while bacteria are necessary to develop gingivitis in conjunction with these medications, not all patients taking these drugs will experience gingival enlargement.

Non-Plaque-Induced Gingival Diseases

While dental biofilm–induced gingivitis is the most common form of periodontal disease, several other non-plaque-induced gingival diseases are described. Based on the 2017 World Workshop, these non-plaque-induced gingival diseases include60:


	Genetic/developmental disorders

	Specific infections

	Inflammatory and immune conditions

	Reactive processes

	Neoplasms

	Endocrine, nutritional, and metabolic diseases

	Traumatic lesions

	Gingival pigmentation



Chronic Periodontitis

Based on the 2017 World Workshop on the classification of periodontal and peri-implant diseases and conditions, three forms of periodontitis are recognized: necrotizing periodontitis; periodontitis (formerly known as chronic and aggressive periodontitis); and periodontitis as a manifestation of systemic diseases.61 However, for the purpose of this chapter, both chronic and aggressive periodontitis are discussed separately.

Periodontitis was recently defined by the 2017 World Workshop as a “chronic multifactorial inflammatory disease associated with dysbiotic plaque biofilms and characterized by progressive destruction of the tooth-supporting apparatus.”1 The main features of this disease include the presence of periodontal pockets, gingival bleeding, clinical attachment loss, and alveolar bone loss (Fig 3-3). If left untreated, periodontitis could lead to tooth mobility and ultimately tooth loss. In addition, chronic periodontitis is influenced by a great variety of local and systemic factors that can significantly exacerbate disease progression. These factors are discussed in the following chapters.


[image: ]

[image: ]

[image: ]


Fig 3-3 Periodontitis (formerly referred to as chronic periodontitis.) (a) Initial presentation of maxillary and mandibular anterior dentition prior to nonsurgical therapy. (b) Radiographic evaluation prior to nonsurgical therapy. (c) Reevaluation 3 months after nonsurgical therapy.



As mentioned previously, periodontitis is caused by an exaggerated inflammatory response from the host caused by a dysbiosis. This process is the result of a transition from the symbiotic microbial and immune state of a healthy individual (or nonprogressive gingivitis) to an abnormal and exacerbated host response accompanied by a dysbiotic microbiome.62 It is important to mention that while gingivitis may or may not advance to periodontitis, attachment loss and the development of periodontitis are always preceded by gingival inflammation.63 Consequently, many authors have studied the changes and progression from gingivitis to periodontitis. In 1985, Listgarten et al64 longitudinally followed 61 adults with varying degrees of gingivitis. Results from this investigation revealed that only 1 out of 1,000 tooth surfaces increased in probing depths by 3 mm or more from baseline regardless of the protocol for recall maintenance intervals. Therefore, the authors concluded that despite the high prevalence of gingivitis, most individuals were relatively resistant to periodontitis. Subsequently, other investigations aimed at studying disease development, disease progression, and several other parameters related to periodontitis, such as attachment loss or changes in bone level.

Löe et al65,66 conducted a series of landmark investigations aimed at studying the natural development and progression of periodontal disease. One of the first investigations was published by this group in 1978 and compared two populations with different geographic, cultural, socioeconomic, and educational differences. Both groups were chosen due to the extreme differences with regard to health care systems and dental care. The study population from Oslo, Norway, had access to programs for dental care while the population from Sri Lanka never had access to any programs for prevention or treatment of dental-related diseases and did not perform toothbrushing. Results from this investigation demonstrated the variability with regard to disease progression between both populations, concluding also that without proper dental care, the periodontal lesions continue progressing at a relatively even pace.65 Years later in 1986, after following a group of 480 male Sri Lankan tea workers for 15 years, Löe et al66 described three subpopulations presenting with (1) rapid progression, (2) moderate progression, and (3) no progression of periodontal disease (Table 3-1). Results from this investigation demonstrated that disease progression varies between individuals, at different ages, as well as within the same individual dentition. Also, the authors explained that although disease progresses steadily over time, there may be discrete episodes with more rapid or slower destruction. In agreement with these results, a recent systematic review by Needleman et al67 concluded that mean attachment level change differs significantly within and between populations.

TABLE 3-1 Characteristics of the groups described by Löe et al66 in 1986

[image: ]

NA, not available.

MODELS OF DISEASE PROGRESSION

The patterns of disease progression have been extensively studied, aiming at evaluating how loss of attachment occurs over time. In 1982, Goodson et al68 described the progression of attachment level in 22 untreated patients performing measurements every month for 1 year. Results from this investigation demonstrated that the majority of the sites experienced no significant changes (82.8%), followed by 11.5% of the sites that became significantly shallower and 5.7% of sites that became significantly deeper. Within the group that suffered increase in probing depths, approximately half experienced progressive deepening and the other half presented with periods of exacerbation and spontaneous remission/recovery.68 In 1984, Socransky et al69 reviewed the available evidence and described three models of disease progression: continuous, random burst, and asynchronous multiple burst.68 In 1991, Jeffcoat and Reddy70 revisited this topic following patients with periodontitis for 6 months. In this investigation, three models were described as (1) linear or continuous (76% of sites), (2) burst (12% of sites), and (3) exacerbations and remission (12% of sites).70

Aggressive Periodontitis

The term aggressive periodontitis has been through many modifications since 1923 when Gottlieb defined it as “diffuse alveolar atrophy.”71 Over the course of the 20th century, this inflammatory disease often changed in terminology, being referred to as periodontosis, juvenile periodontitis, and early-onset periodontitis, among others. Later, in 1999, the American Academy of Periodontology proposed the term aggressive periodontitis to refer to the highly destructive forms of periodontitis.72 This rapidly progressing type of periodontal disease has been studied for decades as a separate entity from chronic periodontitis due to its aggressive nature, familial tendencies, the location of the lesions, and the relative low or inconsistent levels of biofilm (and secondary etiologic factors) compared with the severity of periodontal tissue destruction73,74 (Fig 3-4). Other features recognized by the 1999 consensus report included patients that are otherwise healthy, rapid attachment loss and bone destruction that may be self-arresting, and phagocyte abnormalities.73
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Fig 3-4 (a to f) Periodontitis (formerly referred to as aggressive periodontitis).



Nevertheless, chronic and aggressive periodontitis share many similarities, and the latest classification from the 2017 World Workshop on the classification of periodontal and peri-implant diseases and conditions refuted the presence of enough evidence to support the distinction between aggressive and chronic periodontitis as two separate diseases. This recent report emphasized the phenotypic differences between both entities, and more specifically, between chronic and localized aggressive periodontitis (including age of onset, location of initial lesions, and rate of progression). However, it also reiterated that both represent inflammatory diseases responding to biofilm accumulation, and it is premature to describe pathophysiologic differences until further data in larger and more controlled studies is available. In addition, both chronic and localized aggressive periodontitis have a common end result.62 Hence, it was concluded that while there are significant variations with regard to clinical presentations, the currently available evidence does not support the distinction between chronic and aggressive periodontitis as two separate diseases.1

Periodontitis as a Manifestation of Systemic Diseases

Several systemic diseases and conditions can affect the periodontium and cause its destruction. Most of these disorders or conditions are secondary to innate mechanisms, although some are acquired through lifestyles or environmental factors. The periodontal effects of these systemic diseases and conditions are mainly through their influence on the immune and inflammatory responses. In addition, these can affect the periodontium by either influencing the course of periodontitis or by affecting the supporting tissues independently of plaque-induced inflammation.75 Albandar et al75 classified those diseases and conditions into three main categories. The first includes systemic disorders with a major impact on the loss of periodontal tissue by influencing periodontal inflammation. These disorders include genetic disorders (eg, Down syndrome), acquired immunodeficiency diseases (eg, HIV infection), and inflammatory diseases (eg, arthritis). The second category describes systemic disorders that influence the pathogenesis of periodontal diseases contributing to periodontal tissue loss (eg, smoking, depression). Last, the third category describes disorders that can cause destruction of the periodontal attachment independent of plaque-induced periodontitis (eg, neoplasms).75

Most of these conditions are determined by the genotype of the host, and they may be modified by environmental and behavioral factors. In addition, periodontitis and certain systemic disorders may share similar genetic and/or environmental risk factors. Consequently, loss of periodontal attachment is a common manifestation of several systemic disorders, which could have an important therapeutic and diagnostic value.

Necrotizing Periodontal Diseases

Necrotizing periodontal diseases belong to a group of acute lesions occurring in the periodontium and can be divided into necrotizing gingivitis (formerly referred to as necrotizing ulcerative gingivitis) and necrotizing periodontitis (formerly referred to as necrotizing ulcerative periodontitis).76 Currently available evidence suggests that given the similar etiology, clinical features, and treatment, these entities may represent different stages of the same disease and may even progress to more severe forms such as necrotizing stomatitis and noma.76

Necrotizing periodontal diseases are associated with impairment in the host immune response and typically present with three clinical features: papilla necrosis, pain, and bleeding. Other signs and symptoms may include halitosis, pseudomembranes, regional lymphadenopathy, fever, sialorrhea, and rapid bone loss in cases of necrotizing periodontitis. Necrotizing stomatitis is a more severe inflammatory condition that courses with soft tissue necrosis beyond the gingiva, osteitis, and bone sequestrum.1

Similar to other forms of periodontitis, the etiology of necrotizing periodontal diseases is a bacterial infection; however, several other predisposing factors and immune-related conditions play a role in the pathogenesis.76
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