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Chapter 1

A brief history of Endodontics



Arnaldo Castellucci

The history of Endodontics begins in the 17th century. Since then, there have been numerous advances and developments, and research has proceeded continuously.

In 1687, Charles Allen, describing the techniques of dental transplants, wrote the first English-language book devoted exclusively to the field of dentistry.1 At that time, necessity was the mother of invention: experimenting with new techniques, materials, and instruments, even though very rudimentary, the aim of Endodontics has been to relieve pain, maintain exposed pulp, and preserve teeth. Often, these attempts were successful.

Advances in the field of Endodontics have since continued without pause, but especially after Pierre Fauchard (1678-1761) ([image: ] 1.1), considered the founder of modern dentistry, who in his textbook “Le chirurgien dentiste” precisely described the dental pulp2 and dispelled the legend of the “tooth worm,” which had been considered the cause of caries and toothaches since the time of the Assyrians.3

In 1725, Lazare Riviere introduced the use of oil of cloves for its sedative properties.4

In 1746, Pierre Fauchard described the removal of pulp tissue.

In 1820, Leonard Koecker cauterized exposed pulp with a heated instrument and protected it with lead foil.

In 1836, Shearjashub Spooner recommended arsenic trioxide for pulp devitalization.

In 1838, Edwin Maynard of Washington, D.C. introduced the first root canal instrument, which he created by filing a watch spring.

In 1847, Edwin Truman introduced gutta-percha as a filling material.

In 1850, W.W. Codman confirmed that the aim of pulp capping, which had already been proposed by Koecker in 1821, was to form a dentin bridge.5

In 1864, Sanford Christie Barnum of New York prepared a thin rubber leaf to isolate the tooth in the course of filling ([image: ] 1.2).6 Together with G.A. Bowman, he introduced the rubber dam clamp forceps in 1873 ([image: ] 1.3).7

In 1867, Bowman used gutta-percha cones as the sole material for obturating root canals.8

Also in 1867, E. Magitot suggested the use of an electric current to test pulp vitality.9
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[image: ] 1.1 Pierre Fauchard (1678-1761), the father of modern dentistry.
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[image: ] 1.2 a) Dr. Sanford C. Barnum, photographed in 1877, so said: “At the time when the idea of rubber dam dawned on my mind, I was practicing in Monticalls, Sullivan Co., New York. It was the result of much persecution from the inroads of saliva. I had spent many an hour, weary and distracted, battling against its incursions. Many a sleepless night had I over sad failures… with the one absorbing question ever before me unanswered. “How shall I keep the cavities dry”? The answer came… on the 15th of March 1864, a case presented itself of a cavity in a lower molar standing alone, on the left side, in a mouth, as wet – well as water gushing from every duct could make it. In a short of half desperate way, and partly to try the new idea, I cut a hole in my napking protector and over the tooth it went. There was the rubber dam”. b) The rubber dam of Dr. Barnum in position. (From “The American System of Dentistry”. Lea Brothers and Co., Philadelphia, 1887, v. II, p. 34.)
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[image: ] 1.3 Rubber dam clamp forceps. (From “Principles and Practice of Dentistry”, by Chapin A. Harris, Gorgas ed., Philadelphia, 1885.)





In 1882, Delous Palmer introduced a set of metal rubber dam clamps which could be used for different teeth ([image: ] 1.4) and in the same year S.S. White introduced a rubber dam punch similar to that still used now.

In 1885, Lepkoski substituted formalin for arsenic to “dry” the non-vital pulp stumps left in the root canals after excision of the coronal pulp to prevent their decomposition.10

At the end of the century, prosthetic restorations, including the Richmond or Davis crown, became increasingly popular. Since they required the use of canal posts, they created an ever greater need for endodontic therapy.

In 1891, the German dentist Otto Walkhoff introduced the use of camphorated chlorophenol as a medication to sterilize root canals.

In 1895, and more precisely on the evening of November 8 in his laboratory in the Bavarian city of Würzburg, the scientist Konrad Wilhelm von Roentgen accidentally discovered a new form of energy that had the ability to penetrate solid material. Because of their unknown nature, he decided to call these rays “X”.11

A few weeks later Otto Walkhoff, a dentist in Brunswick, Germany, took the first dental radiograph, making a contribution to dentistry that almost equaled Roentgen’s to medicine.12 Roentgen’s discovery of the X-ray has been ranked in importance with the discovery and development of anesthesia by Horace Wells and William Morton, both dentists, and the discovery of microorganisms and their role in disease by the likes of Pasteur and Lister.13

A true dental pioneer, C. Edmund Kells, is the one who quickly grasped the potential for applying Röntgen’s discovery to dentistry and thereby forever changed the way dentistry would be practiced.13

In 1900, Price described periapical radiolucencies as “blind abscesses” and advised the use of radiography for establishing the diagnosis of pulpless teeth.9

In 1908, Dr. Meyer L. Rhein, a physician and dentist in New York, introduced a technique for determining canal length and level of obturation.12
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[image: ] 1.4 The rubber dam clamps designed by Delous Palmer. (From “Traité de Dentisterie Opératoire” by E. Andrieu, Paris, Octave Doin, Editeur, 1889.)



About the same time, G.V. Black ([image: ] 1.5) suggested a measurement control to determine the length of the canal and the size of the apical foramen, so that overfilling could be prevented.10

These are only some of the more important achievements of the pioneers of Endodontics, who made continual advances, with undoubtedly surprising results, considering their means and knowledge.

After 1910, when safe and effective local anesthetics were developed and radiographic machines, which were being perfected, came into wide use, one would have expected to see tremendous strides being taken to develop a safe and reliable system of endodontic therapy. Indeed, such advances would undoubtedly have occurred had the death knell of American dentistry in general and for endodontic treatment in particular not been sounded.

Several years before, in 1904, Frank Billings directed the attention of dentistry and medicine to the apparent relationship between oral sepsis and bacterial endocarditis.10 Five years later, one of his students, E.C. Rosenow, developed the theory of “focal infection” in a study of the bacterial aspects of root canal therapy.14 He demonstrated that streptococci were present in many diseased organs and that they could cause infection at some distant site by hematogenous spread.10
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[image: ] 1.5 Dr. Greene Vardiman Black.



Rosenow defined a “focus” as a well-circumscribed tissue containing pathogenic organisms. He distinguished two types of foci: primary, in the skin and mucosa, and secondary, which develop from the former by metastasis. He believed that organisms could migrate from an apical granuloma to reach peripheral organs and cause other diseases. The following diseases could originate as a metastatic infection from chronic foci of infection such as pyorrhea alveolaris and alveolar abscesses: rheumatic fever, acute and chronic infectious arthritis, myositis, neuritis, endocarditis, myocarditis, pericarditis, phlebitis, peritonitis, meningitis, nephritis, appendicitis, cholecystitis, gastric and duodenal ulcer, pancreatitis, thyroiditis, erythema nodosum, herpes zoster, osteomyelitis, pneumonia, septicemia etc.15

In the same year, 1909, Mayrhofer published a work linking the nature of pulpal infection with specific microorganisms. The results indicated that streptococci were present in about 96% of the cases studied.16

In October of that year, William Hunter, an English physician and pathologist, gave a lecture on focal infection at the University of Montreal.17 Its impact was such that for more than twenty years it blocked not only research in and the teaching of Endodontics, but more importantly its practice. His lecture, “The Role of Sepsis and Antisepsis in Medicine”, also was published a year later in a respected medical journal of the time, “The Lancet”. Hunter was harshly critical of dentistry (particularly against prosthetic dentistry); indeed, he claimed that gold crowns were “a mausoleum of gold over a mass of sepsis”. Although Hunter’s concern was particularly directed more toward the septic conditions found around poorly constructed prosthetic restorations, it was widely interpreted as an indictment of the pulpless tooth.15 “The worst cases of anemia”, said Hunter, “gastritis, colitis, of obscure fevers of unknown origin, of purpura, of nervous disturbances of all kinds, … of chronic rheumatic afflictions, of kidney disease, are those which owe their origin to (or are gravely complicated by) the oral sepsis produced, in private patients, by these gold traps of sepsis”.18

It was therefore believed that all systemic diseases could be cured by the extraction of teeth. Consequently, for almost 40 years, American dentists continued to extract any devitalized teeth, while the more timorous extracted even vital teeth with some restoration, large fillings, inlays, crowns, or bridges.

The theory of focal infection therefore reigned for many years, counting an enormous number of followers. Some of them feared the effects of focal infection itself, but others were simply tired of performing root canal therapy, a very difficult, meticulous, and poorly remunerated task.

Fortunately, a small group of dentists did not stop, but rather sought to improve their current procedures by using aseptic techniques, bacteriological and histological methods, and X-rays for diagnostic purposes. This group included men like Coolidge, Johnson, Reihn, Callahan, Grove, Prinz, and others. Mainly because of their efforts, the principle of preserving the pulpless tooth survived.7

It was not until the late 1940s or early 1950s that the cumulative laboratory research and clinical evidence was sufficient to confirm that the devitalized tooth did not play a role in the causation of systemic disease. Thus the theory of focal infection fell and faith was restored in endodontic treatment.18

Owing to the efforts of these researchers, patients today can be assured of predictably reliable and safe endodontic treatments, the success rate of which, as perhaps in no other branch of medicine, approaches 100%. Thanks to them, the number of people who specialize in Endodontics today is very high and continues to rise and Endodontics has assumed its precise role in the field of dentistry. In many foreign universities, and hopefully one day also in Italy, Endodontics is a distinct specialty, distinguished from restorative dentistry by its own curriculum.
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Chapter 2

Tooth embryology



Arnaldo Castellucci

Because of its numerous clinical, including endodontic, implications, several fundamental points regarding the embryology of the tooth and its supporting structures will be discussed. For histological aspects, the reader is referred to existing sources.

Crown formation

The teeth begin to form about the sixth week of intrauterine life. The process is manifested by a thickening in the basal layer of ectodermal cells that cover the primitive oral cavity, or stomodeum.1 This thickening is called the “dental lamina”. It assumes the shape of a horseshoe, extending the length of the future dental arches. It comprises cells that proliferate at a more rapid rate than do the adjacent epithelial cells.

At a certain point, at predetermined sites on the dental lamina, each corresponding to the ten deciduous maxillary and ten manidibular teeth, further cellular proliferation takes place, forming small protuberances ([image: ] 2.1).

The protuberances do not form simultaneously throughout the dental lamina, but rather begin anteriorly, first in the mandibular, then in the maxillary regions. The posterior ones then develop, at points which correspond to the future deciduous teeth. As the protuberances proceed to enlarge, they remain associated with the dental lamina, differentiate, and depending on the stage, they assume peculiar forms called “bud”, “cap”, or “bell”. These terms serve descriptive purposes only; they represent three moments of a slow evolution in which, by means of a continuous and gradual proliferation of cells, the teeth begin their slow, progressive formation.

Very early in the “tooth bud stage”, which represents the primordia of the enamel organ,1 two types of epithelial cells differentiate. One covers the internal surface of the bud, the other the external surface; they are the “inner epithelium” and “outer epithelium”, respectively, of the enamel organ ([image: ] 2.2).


[image: ]

[image: ] 2.1 Frontal section through the head of a human 10-week embrio. a) ×20. b) ×200. c) ×250. The “tooth bud stage”: the epithelial cells of the dental lamina proliferate and begin to deepen in the underlying mesenchyme. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.2 Frontal section of a human 10-week embrio. a) ×40. b) ×200. The inner epithelium (IE) and the outer epithelium (OE) have begun to develop within the enamel organ. Progression toward the “cap stage” has begun. (Courtesy of Prof. A. Bloom, Boston University, USA.)



Concurrently, there is marked proliferation of the mesenchymal cells which face the inner epithelium of the enamel organ, from which the “dental papilla” ([image: ] 2.3) will derive.

This mesenchymal proliferation tends to dip within the epithelial proliferation ([image: ] 2.4), which in turn circumscribes it during its growth. In this way, the process proceeds to the “cap stage” ([image: ] 2.5). By this point, the outer epithelium of the enamel organ, which is comprised of cuboidal cells that line the convexity of the “cap”, and the inner epithelium of the enamel organ, which comprises cylindrical cells that line the concavity of the “cap”, are well differentiated.

At a slightly more advanced stage (though still in the “cap stage”), a third type of epithelial cell differentiates between the outer and inner epithelia. It is sparsely distributed; the cells are distantly situated from one another because of the accumulation of a large amount of intercellular fluid. The presence of anastomoses forming the so-called “stellate reticulum” or “enamel organ pulp” accounts for their stellate shape ([image: ] 2.6). Meanwhile, beneath the enamel organ, proliferation in the mesenchymal layer leads to organization and condensation to form the “dental papilla” ([image: ] 2.7).

Concomitant with the development of the enamel organ and the dental papilla, the mesenchyme surrounding these two formations also condenses and organizes to form the “dental sac” ([image: ] 2.8).



[image: ]

[image: ] 2.3 Frontal section of a human 10-week embrio. a) ×40. b) ×100. “Cap stage”: proliferation of the mesenchymal cells facing the inner epithelium of the enamel organ. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.4 a) ×100. The dental papilla extends toward the interior of the enamel organ. b) ×120. The enamel organ encloses the dental papilla, while the dental sac is organizing around it. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.5 a) ×100. The enamel organ begins to surround the underlying dental papilla. b) ×300. The framed area in Figure a). at a higher magnification. Between the inner epithelium (IE) and outer epithelium (OE) of the enamel organ, the stellate reticulum (SR) is starting to differentiate. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.6 a) ×250. Cap stage: DS, dental sac; OE, outer epithelium of the enamel organ; SR, stellate reticulum; IE, inner epithelium of the enamel organ; DP, dental papilla. b) ×280. SR, stellate reticulum; IE, inner epithelium of the enamel organ; DP, dental papilla. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.7 a) ×40. The formation of blood vessels within the dental papilla is becoming evident. b) ×250. The bigger framed area in Figure a). at a higher magnification. From top to bottom: stellate reticulum, inner epithelium, and dental papilla with developing blood vessels. (Courtesy of Prof. A. Bloom, Boston University, USA.)



The following derive from the formations that we have listed up to this point:

[image: ]The enamel prisms and therefore all the enamel of the dental crown derive from the inner epithelium of the enamel organ. They are therefore of ectodermal origin.

[image: ]The odontoblasts and thus the dentin and dental pulp derive from the dental papilla. They are therefore of mesenchymal origin.


[image: ]

[image: ] 2.8 ×400. Connective fibers and vessels of the dental sac at the periphery of the enamel organ. The smaller framed area in Figure 2.7a at a higher magnification. (Courtesy of Prof. A. Bloom, Boston University, USA.)



[image: ]The periodontal tissues, comprising the periodontal ligament, cement, and alveolar bone derive from the dental sac. They are also of mesenchymal origin.2

The “bell stage” follows the cap stage. In this stage, the epithelial invagination deepens and tends increasingly to surround the underlying dental papilla ([image: ] 2.9). When this epithelial deepening arrives at the point corresponding to the future cementoenamel junction, the future shape of the crown of the tooth is already delineated, and the dentinoenamel junction can just be identified.


[image: ]

[image: ] 2.9 Sagittal section of a human 18-week embrio. a) ×25. T, tongue; L, lip; LF, lingual fornix; G, tooth germ at the “bell stage”. b) ×40. “Bell stage”. The epithelial invagination begins to surround the underlying dental papilla and suggests the future cementoenamel junction. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.10 ×250. The formation of hard dental tissues has just begun. SR, stellate reticulum; IE, inner epithelium; DP, dental papilla. (Courtesy of Prof. A. Bloom, Boston University, USA.)



At this point ([image: ] 2.10), the dentin begins to form from one side and the enamel from the other. In fact, the cells of the inner epithelium of the enamel organ ([image: ] 2.11) induce the “odontoblasts” to differentiate in the underlying mesenchymal cells. Leaving behind cytoplasmic extensions,3 or Tomes’ processes, as they migrate in a centripetal direction, these cells produce dentin. The presence of these processes accounts for the tubular appearance of the dentin ([image: ] 2.12). The odontoblasts progressively move toward the pulp while they deposit dentin, and later these cells will cover the pulp cavity ([image: ] 2.13).
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[image: ] 2.11 a) ×35. Deciduous molar at the bell stage. The deposition of the hard dental tissues, enamel, and dentin has started. b) ×400. Higher magnification of the framed area on the left. The tubular structure of the dentin is becoming evident. From top to bottom, the following are identified: stellate reticulum (SR), inner epithelium already differentiated into adamantoblasts (A), dentin (D), odontoblasts (O), and dental papilla (DP). c) ×100. Higher magnification of the framed area on the right. The deposition of hard tissue is at a more advanced stage and is proceeding downward from the top of the bell. d) ×250. Higher magnification of Figure 2.11c: stellate reticulum (SR), adamantoblasts (A), enamel (E), dentin (D), odontoblasts (O), and dental papilla (DP). The spaces between the enamel and dentin and between the dentin and odontoblasts are artefacts. E. 250˙. The deposition of enamel and dentin proceeds in the direction of the future cementoenamel junction (higher magnification of Figure 2.11c). (Courtesy of Prof. A. Bloom, Boston University, USA.)



At the same time, the “ameloblasts” differentiate in the inner epithelium of the enamel organ. They begin to move away from the dental papilla by migrating in a centrifugal direction, while producing enamel ([image: ] 2.14). In chronological order, the first differentiated cells to appear are the “ameloblasts”, which begin to differentiate at the level of the developing cusp tip or the incisal edge of the tooth. Differentiation then proceeds along the sides ([image: ] 2.15) toward the base of the crown.4-6 Immediately afterward, the mesenchymal cells of the dental papilla immediately adjacent to the newly-formed ameloblasts differentiate into elongated, cylindrical cells, the “odontoblasts”.

The area in which these two cellular formations first appears is called the “growth center” of the tooth. It is the site at which the production of hard dental tissue begins. The first tissue to appear is the dentin, which is produced by the odontoblasts at the level of the papillary summit, and only after a thin layer of dentin has been laid down do the ameloblasts begin to produce the enamel matrix on top of it. This is a typical example of “reciprocal” induction, which emphasizes the interdependency between these two tissues: once the ameloblasts have differentiated, the inner epithelium of the enamel organ induces the differentiation of the odontoblasts, while the dentin formed by the odontoblasts stimulates the ameloblasts to produce enamel.

At this point, it is important to emphasize that the formation process of the dentin and enamel is distinct from that of the body’s other hard tissue, bone.5 In contrast with the osteocytes, the cells that produce the hard dental tissues do not remain enclosed in the intercellular substance produced: there are no “amelocytes” or “odontocytes”. On the contrary, once the hard matrix of the dental tissues has been produced, the cells retreat from them, the ameloblasts toward the exterior and the odontoblasts toward the interior.

Once all the enamel of the dental crown has been formed and the tooth erupts, the ameloblasts die. Hence, the enamel is practically an inert mineralized tissue. Inasmuch as it is acellular, it is completely incapable of repairing lesions produced by caries, fractures, or other causes. It can only undergo a limited exchange of ions with saliva. In contrast, the odontoblasts do not disappear after the tooth has completely formed. Rather, they remain within the pulp cavity of the root canal, where dentin deposition continues for the entire life of the tooth, both spontaneously (secondary dentin) and under the influence of particular stimuli (tertiary dentin).
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[image: ] 2.12 Scanning electron micrograph showing mature human dentin (×1000). Note the typical tubular appearance of the dentin and the calcospherites of the predentin.
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[image: ] 2.13 Histologic section of the dental pulp. The odontoblasts cover the pulp cavity: pulp tissue (P) rich with fibroblasts and small vessels, odontoblast layer (O), predentin or noncalcified dentin (Pd), and calcified dentin (D). (Courtesy of Dr. N. Perrini.)
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[image: ] 2.14 a) SR, stellate reticulum; IL, intermediate layer; A, ameloblasts; E, enamel; D, dentin. b) SR, stellate reticulum; IL, intermediate layer; A, ameloblasts; E, enamel. (Courtesy of Dr. R. Pontoriero.)
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[image: ] 2.15 ×300. SR, stellate reticulum; IL, intermediate layer; A, ameloblasts; D, dentin; O, odontoblasts; P, dental papilla. Note that differentiation and the consequent deposition of hard tissues proceeds apically from the growth center. (Courtesy of Prof. A. Bloom, Boston University, USA.)



Root formation

At a more advanced stage, when enamel and dentin formation has reached the future cementoenamel junction, the dental root begins to form. The outer and inner enamel epithelia begin to proliferate, they come together and form a sort of diaphragm facing the interior of the structure which will become the pulp cavity or the root canal ([image: ] 2.16). When the epithelial layers form this cellular diaphragm, the stage of formation of “Hertwig’s epithelial root sheath” ([image: ] 2.17) has been reached.

This root sheath does not extend along the entire length of the future root, nor does it grow to its free end toward the surrounding connective tissue, as had been erroneously believed in the past.7 The diaphragm’s position remains relatively stable during the development and growth of the root. The growth of the epithelium, which proliferates coronally (“Hertwig’s vertical epithelial root sheath”), causes the formation and lengthening of the root, and finally the eruption of the tooth at this site1 ([image: ] 2.18).

While the epithelial diaphragm or “Hertwig’s horizontal root sheath” is present throughout the formation of the root ([image: ] 2.19), the presence of the vertical portion of Hertwig’s root sheath is more limited. It induces odontoblastic differentiation, which initiates the formation of the radicular dentin. After this, the cells of Hertwig’s vertical epithelial root sheath are dispersed ([image: ] 2.20), become discontinuous, and partially disappear ([image: ] 2.21). Only islands of cells, known as the “epithelial rests of Malassez”, remain of the root sheath and may be found in the periodontal ligament ([image: ] 2.22). In the adult, these epithelial cell rests persist next to the root surface within the periodontal ligament. Although nonfunctional, they are the source of the epithelium lining the dental cysts that develop in reaction to inflammation of the periodontal ligament.2


[image: ]

[image: ] 2.16 ×250. As the deposition of dentin and enamel proceeds, the inner epithelium (IE) and outer epithelium (OE) of the enamel organ come together and bend horizontally to form a diaphragm facing the dental papilla (DP). (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.17 a) ×150. S, dental sac; D, dentin; P, dental pulp; H, Hertwig’s epithelial rooth sheath. b) ×400. Higher magnification of the framed area of Figure a). The cylindrical cells of the inner epithelium of the enamel organ are identifiable in the root sheath. (Courtesy of Dr. R. Pontoriero.)
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[image: ] 2.18 Diagram showing the Hertwig’s epithelial root sheath at the cervical region or base of the organ. E, enamel; D, dentin; O, odontoblasts; H, Hertwig’s root sheath. The arrows indicate the root elongation (down) with the consequent tooth eruption (up). (Adapted from J.K. Avery.)
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[image: ] 2.19 a) ×40. Developing root. b) ×100. Detail. Hertwig’s root sheath may be identified. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.20 Schematic diagram showing Hertwig’s root sheath. Once the root dentin has been formed, the root sheath breaks up to allow the cementoblasts to deposit cementum over the newly formed dentin. Only scattered nests of epithelial cells, the epithelial rests of Malassez, remain of the sheath. At the same time the ameloblasts, once their function is exhausted, transform into cuboidal cells on top of the enamel (reduced enamel epithelium) which, at the moment of eruption of the tooth, fuse with the epithelium of the oral cavity. RE, reduced enamel epithelium; E, enamel; D, dentin; O, odontoblasts; C, cementum; CB, cementoblasts; M, epithelial rests of Malassez; H, Hertwig’s epithelial root sheath. (Adapted from J.K. Avery.)





By the time the odontoblasts begin to form dentin, Hertwig’s vertical root sheath has exhausted its function and begins to disappear. This process is spurred by the fact that in the surrounding mesenchyme the newly-formed dentin concurrently induces the differentiation of the cementoblasts, which begin to deposit a layer of cementum on the surface of the dentin.

As already stated, not only the cementum, but also the periodontal ligament and the alveolar bone derive from the dental sac. In fact, the mesenchyme of the dental sac produces a large number of collagen fibers (to form the future periodontal ligament), as well as the organic matrix of the bone (alveolar bone) and the cementum ([image: ] 2.23). This matrix is deposited around the previously formed collagen fiber bundles and subsequently mineralizes. This explains the presence of fibers embedded in the hard tissues at each end, bone ([image: ] 2.24) and cementum ([image: ] 2.25), where they are called Sharpey’s fibers. The alveolar bone and the cementum develop around these fibers, thus anchoring the dental structure to the surrounding alveolar bone. The opposite does not occur; that is, fibers do not develop within the bone or already-formed cementum. In other words, if for some reason they are detached, the cementum must form so that the collagen fibers may be firmly reattached to the tooth.5


[image: ]

[image: ] 2.21 ×400. The cells of Hertwig’s root sheath (H) break up into epithelial rests and partially disappear to be replaced by cementoblasts. D, dentin; M, epithelial rest of Malassez. (Courtesy of Dr. R. Pontoriero.)




[image: ]

[image: ] 2.22 ×400. Epithelial rests of Malassez surrounded by fibers of the periodontal ligament. PL, periodontal ligament; M, epithelial rests of Malassez; CB, cementoblasts; C, cementum. (Courtesy of Dr. R. Pontoriero.)
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[image: ] 2.23 The periodontal ligament. Alveolar bone (left), root (right). Blood vessels and nerve fibers may be identified in the ligament. (Courtesy of Dr. R. Pontoriero.)
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[image: ] 2.24 Higher magnification of Figure 2.23. On the left, Sharpey’s fibers are identified within the bone; on the right, the periodontal ligament with osteoblasts. (Courtesy of Dr. R. Pontoriero.)
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[image: ] 2.25 Higher magnification of Figure 2.23. On the left, the fibers of the periodontal ligament that continue as Sharpey’s fibers (right) within the cementum. (Courtesy of Dr. R. Pontoriero.)



Single- and multiple-root formation

The horizontal diaphragm or Hertwig’s horizontal root sheath may vary in shape, depending on whether the teeth are single- or multiple-rooted ([image: ] 2.26). In fact, the diaphragm’s shape determines the number of roots in a tooth. If the diaphragm remains in the shape of a collar, a single-rooted tooth will form. On the other hand, if two or three tongues of epithelium grow towards each other from this collar to bridge the gap and fuse, two or three diaphragms evolving independently from each other will form. They will either remain fused, forming fused roots or single roots with multiple canals, or separated, forming distinct roots in multirooted teeth.

The formation of lateral canals

In some cases, small portions of Hertwig’s vertical root sheath disappear before the odontoblasts have differentiated, and thus before dentin has been formed. A lateral canal will form at just such a point. This small island of a “lack of cells” in Hertwig’s root sheath, where odontoblasts do not differentiate and thus dentin does not form, is responsible for the lateral canal’s formation ([image: ] 2.27).

Weinmann8 states that “the development of all the lateral branches of the root canals may be a defect of the epithelial root sheath of Hertwig which occurs during the development of the root because of the presence of a large, supernumerary blood vessel”. As a consequence, if the continuity of the root sheath is interrupted before the formation of the dentin, a defect in the dentinal wall will occur. This defect may be also found in the floor of the pulp chamber of a multirooted tooth if the fusion of the tongue-like extensions of the epithelial diaphragm is incomplete due to the presence of a vessel.


[image: ]

[image: ] 2.26 Schematic diagram of the evolution of Hertwig’s epithelial root sheath, which determines the formation of one, two, or three roots. (Adapted from J.K. Avery.)




[image: ]

[image: ] 2.27 Schematic diagram of the formation of lateral canals. (Adapted from J.K. Avery.)



Scott and Symons9 concur that these aberrant openings are due to defects in the formation of Hertwig’s root sheath, as a result of which the pulp remains in contact with the dental sac or periodontal tissue. They also believe that these openings in Hertwig’s root sheath are probably due to the persistence of anomalous blood vessels reaching the pulp.

In studies of the vascularization of the developing tooth of the ape, Cutright and Baskar10 have observed that a plexus of blood vessels develops in the area of the dental sac. This plexus completely surrounds the enamel organ and the dental papilla.

As the tooth develops, this plexus feeds the enamel organ and sends branches into the developing papilla. Once the enamel has been formed, the plexus in the coronal zone degenerates, while the one which surrounds the root forms the periodontal plexus, which gives origin to the vessels that branch around the foramen and enter (or exit) the apical foramen.

The formation of the lateral canals has been attributed to the entrapment within Hertwig’s membrane of vessels of the periodontal plexus that course around and within the apex of the developing tooth ([image: ] 2.28, 2.29).

To explain the high incidence of accessory canals near the tip of the root, Cutright and Baskar refer to Kovacs’ finding that once the tooth enters occlusion the tip of the root grows within the alveolar bone rather than growing outwardly.11 According to this theory, each time the vessels of the periodontal plexus are forced to curve apically and then coronally to enter the apex, there is a high probability that they will remain entrapped in Hertwig’s root sheath and then be surrounded by dentin. The origin of the accessory canals in the furcation area of multirooted teeth is also attributed to vessels of the periodontal plexus that remain entrapped at points of fusion of the tongue-like extensions of the epithelial diaphragm.

In confirmation, Grove12 has noted that no lateral canal can be found in the apical one third of immature teeth, while they are found in completely developed teeth. Grove hypothesized that if all the vessels reached the pulp from a position directly opposite the foramen, only a single canal would form. If, instead, the vessels entered the pulp from different angles, multiple openings would develop; thus, an apical delta ([image: ] 2.30) or lateral canals ([image: ] 2.31) would occur.


[image: ]

[image: ] 2.28 a-d) Schematic diagram of the formation of lateral canals at various root levels. (Courtesy of Drs. C.J. Ruddle and M.J. Scianamblo.)




[image: ]

[image: ] 2.29 a) Section of the developing third molar. Root formation has just begun (×25). b) Section of the developing third molar. Root formation is almost complete. The pulp and periodontium seem to share the same vascular source. The vessels that traverse accessory foramina in the apical, lateral, and bifurcation areas may be identified (×25). India ink perfusion. (From Dr. M.J. Scianamblo, Post-Doctoral Thesis, Harvard University, 1977.)
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[image: ] 2.30 ×10. Histologic section of a root showing apical ramifications of the main root canal. (Courtesy of Dr. N. Perrini.)
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[image: ] 2.31 Histologic section of a root showing a lateral canal. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.32 Schematic diagram of the origin of an area of exposed dentin. H, root sheath cells fused to dentin; M, epithelial rests of Malassez; CB, cementoblasts; C, cementum; PL, fibers of the periodontal ligament; D, dentin; O, odontoblasts; P, pulp. (Adapted from J.K. Avery.)



Exposed dentin and enamel pearls

If the epithelial cells of the Hertwig’s vertical root sheath do not degenerate after the dentin begins to form and remain adherent to the root dentin surface, they impede the differentiation of the cementoblasts and thus the deposition of cementum, since the mesenchymal cells of the dental follicle cannot come into contact with the newly-formed dentin. This would result in areas of the root being devoid of cementum. These areas of exposed dentin may be found in any area of the root surface, but are particularly frequent in the cervical zone2 ([image: ] 2.32). They can cause cervical sensitivity if afterwards in the course of life, gingival recession occurs, and they can be significant in cases of external resorption after bleaching procedures.

The epithelial cells of Hertwig’s vertical root sheath that remain adherent to the dentin can also differentiate into perfectly functional ameloblasts and produce enamel, producing so-called “enamel pearls”, which are sometimes found in the furcation area of the permanent molars and are responsible for periodontal defects ([image: ] 2.33).


[image: ]

[image: ] 2.33 a) An enamel pearl is present on the distal aspect of this upper first molar in the furcation area between the distobuccal and the palatal roots. Note the periodontal involvement. b) Clinical aspect of the enamel pearl. c) The enamel pearl on the extracted tooth. (Courtesy of Dr. G. Ricci.)



Function and fate of dental lamina

The dental lamina of each dental arch gives rise not only to the ten protuberances that through the different stages (bud, cap and bell stage) will finally form the deciduous teeth. During the bell stage, an epithelial proliferation of the dental lamina that develops at the point where it joins the enamel organ (Gubernaculum dentis) is already recognizable. It is directed lingually to each deciduous tooth and represents the primordium of the permanent tooth ([image: ] 2.34). These buds of permanent teeth are identifiable around the twentieth week in utero by means of the permanent central incisor and around the tenth month after birth by means of the second premolar.3

The activity of the dental lamina finally ends with the formation of the primordium of permanent molars, which do not have precursors among the deciduous teeth. These germs form from the distal end of the dental lamina, distal to the enamel organ of the second deciduous molar. When the jaws have grown long enough, the dental lamina proliferates distally beneath the lining epithelium of the oral mucosa into the mesenchyme. Within this backward extension of the dental lamina called “accessional dental lamina”,13 there subsequently occur cellular multiplications that, with the concomitant mesenchymal response, form the tooth germs of the three molars ([image: ] 2.35). The germ of the first permanent molar begins to develop around the fourth month of intrauterine life, that of the second permanent molar around the first year of life, and that of the third permanent molar around the fourth or fifth year of life. The entire cycle of the dental lamina, therefore, begins at the sixth week of interauterine life and ends around the fourth or fifth year of life.

Aberrations in this developmental pattern lead either to dental agenesis ([image: ] 2.36) or to the formation of supernumerary teeth ([image: ] 2.37).



[image: ]

[image: ] 2.34 Sagittal section of a human 20-week embrio. a) ×25. T, tongue; L, lip; F, lingual fornix; D, deciduous tooth germ in the bell stage. b) ×50. Higher magnification of the framed area in Figure a). Note the lingual position of the primordium of the permanent tooth. E, oral cavity epithelium; G, gubernaculum dentis; P, primordium of the permanent tooth. c) ×250. Higher magnification of the primordium of the permanent tooth. (Courtesy of Prof. A. Bloom, Boston University, USA.)
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[image: ] 2.35 Schematic diagram of the dental lamina and its distal extension in the lower right jaw, seen from the inside. The permanent molars arise directly from the distal extension of the dental lamina which grows backwards underneath the oral epithelium. This part is called the “accessional dental lamina”. (Adapted from J.K. Avery.)
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[image: ] 2.36 An example of agenesis of the two upper lateral incisors.
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[image: ] 2.37 An example of a supernumerary lower premolar.
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1 A.R. Ten Cate2 correctly notes that the term “enamel organ” is imprecise, inasmuch as it is too limiting; he prefers to call this structure the “dental organ”. Indeed, it has several functions, as will be shown in the course of this chapter: apart from forming enamel, it is responsible for determining the shape of the crown, induces the differentiation of the odontoblasts, and thus directly initiates dentin formation and finally establishes the dento-gingival junction. Nonetheless, to avoid confusion, the universally-accepted old terminology will be employed.
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Chapter 3

Definition, scope, and indications for endodontic therapy



Arnaldo Castellucci

Richard Bence1 defines Endodontics as the specialty of dentistry concerned with the diagnosis and treatment of diseases and injuries of the pulp and periapical tissue. In its 1987 “Quality Assurance Guidelines”, the American Association of Endodontists defines this field as that branch of dentistry concerned with the morphology, physiology, and pathology of the human dental pulp and periradicular tissues.

Recently, in order to better explain the actual practice of its members, for the first time after 20 years the American Association of Endodontists2 has proposed a revision of the definition of the Endodontic Specialty. The revision, prepared by an appropriate commision, has been approved by the Board of Directors of the AAE on February the 21st 2005 and it has been examined by the Council on Dental Education and Licensure of the American Dental Association for one more revision in April of the same year.

The scope of endodontic therapy, besides the diagnosis and treatment of pulpal and periradicular pathosis, encompasses the following:

[image: ]differential diagnosis and treatment of oral pains of pulp and/or periradicular origin;

[image: ]vital pulp therapy, such as pulp capping and pulpotomy;

[image: ]root canal therapy, such as pulpectomy, non-surgical treatment of root canal systems with or without periradicular pathosis of pulpal origin, and the obturation of these root canal systems;

[image: ]selective surgical removal of pathological tissues resulting from pulpal pathosis;


Endodontics: the right definition

Endodontics is the Dental Specialty pertaining to the biology, pathology and regeneration of the human dental complex and of the periradicular tissues. Its study and practice encompass the biological and clinical sciences related to the normal and diseased dental pulp and associated periradicular tissues, as well as the etiology, diagnosis, prevention and treatment of pathoses and injuries of these tissues. Endodontics amphasizes the preservation of the healthy natural dentition to promote the highest quality of life.



[image: ]intentional replantation and replantation of avulsed teeth;

[image: ]surgical removal of tooth structures, such as in apicoectomy, hemisection, and root amputation;

[image: ]endodontic implants;

[image: ]bleaching of discolored teeth;

[image: ]retreatment of teeth previously treated endodontically;

[image: ]treatment procedures related to coronal restorations, by means of post and/or cores involving the root canal space.

It is important to note that the term “periapical” has been justly replaced by “periradicular”: the diseases that affect the tissues beyond the pulp are not necessarily nor always limited to the zone closest to the apical foramen ([image: ] 3.1), but may involve any other part of the root surface ([image: ] 3.2), if not indeed the entire surface itself ([image: ] 3.3). It suffices to consider the lesions that correspond to the lateral canals, which may be found at any level of the root surface, the combined endo-periodontal lesions, and the lesions that develop following vertical root fracture ([image: ] 3.4).


[image: ]

[image: ] 3.1 a) Preoperative radiograph of the maxillary second premolar with a necrotic pulp and a periapical lesion. b) Postoperative radiograph. c) Twelve-month recall.
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[image: ] 3.2 a) Preoperative radiograph of the maxillary second molar with a necrotic pulp. A large radiolucency is surrounding the apeces of the three roots. b) Postoperative radiograph. Note the large lateral canal on the mesial aspect of the palatal canal. Also the second premolar has been treated. c) Recall radiograph after 24 months. d-f) The same teeth before and after the prosthetic restorations at a 9-years recall. (Courtesy of Dr. Matteo Papaleoni.)
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[image: ] 3.3 a) Preoperative radiograph. Note the endodontic lesion between the first and second molars involving large portions of the radicular surfaces. b) Twenty-four months later.
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[image: ]

[image: ] 3.4 a) The lower left first molar has a radiolucency which extends along the entire distal aspect of the mesial root. b) The periodontal probe is indicating the presence of a narrow and deep defect, tipical of the vertical root fracture.





Basic phases of endodontic therapy

As described by Schilder,3 Weine,4 Bence,1 and the entire modern literature, three basic steps of endodontic treatment can be identified:

[image: ]the diagnostic phase, in which the cause of the disease is identified and the treatment plan is prepared;

[image: ]the preparatory phase, in which, by cleaning and shaping the root canal, the root canal contents are removed and the root canal space itself is shaped to receive a three-dimensional filling;

[image: ]the obturation phase, in which the root canal system is filled with an inert material to ensure a tight seal.

Success in Endodontics depends on following in strict sequence these three steps, which will be discussed in detail below.

Indications and contraindications

All teeth can be treated successfully endodontically, which means that in theory there are no contraindications to such therapy, as long as the tooth is periodontally sound or can be made so, if its foramen or foramina can be sealed, independent of the approach that is chosen, that is, either the conservative, traditional, or non-surgical one (isolating the tooth with a rubber dam and approaching it by means of the access cavity), or the retrograde, surgical one (raising a flap and performing an apicoectomy with retrofilling)5 ([image: ] 3.5).

Superficially, therefore, it would seem that the only true contraindication might be advanced periodontal disease, aside from two other causes listed by Weine4 which very often require the extraction of the tooth with a compromised pulp: the inability on the part of the dentist to perform the necessary work properly and the patient’s inability to afford the fee of the procedure.

While even in these two circumstances, which represent relative contraindications, something could be done to save the teeth (honest dentists who recognise their limits in such cases should send the patient to a capable endodontist, while, on the other hand, health insurance should be guaranteed to all citizens in any advanced country), far advanced and untreatable periodontal disease is an absolute contraindication.

Nevertheless, analyzing the problem further and taking into consideration separately the two therapeutic approaches, non-surgical and surgical, in the former there are some true indications and some contraindications, which may be distinguished as true and false.


[image: ]

[image: ] 3.5 a) Preoperative radiograph of the lower left first molar, referred for technical difficulties. b) Postoperative radiograph. c) The radiograph obtained 4 months later shows a sinus tractc traced with a gutta-percha cone. d) A flap has been raised, the apex has been resected and a retrofill with white MTA has been positioned. e) Healing after 30 months.



True contraindications

INSUFFICIENT PERIODONTAL SUPPORT

In the patient’s first visit during the diagnostic phase and treatment planning, an extremely important instrument must never be missing from the “diagnostic tray”: the periodontal probe, both straight and for bifurcations ([image: ] 3.6).


[image: ]

[image: ] 3.6 Periodontal probes. Straight (left) and curved for bifurcations (right).



If the tooth has lost too much periodontal support or if it is excessively loose, there is no point in proceeding. The pulp may still be vital and the patient can contact the dentist because the tooth is sensitive to heat and cold. Nonetheless, it is pointless to endodontically treat a tooth (that?) is no longer periodontically salvageable. In these cases, tooth extraction is advisable ([image: ] 3.7a).

INADEQUATE CROWN-ROOT RATIO

In some situations, the tooth still has minimal mobility, but the crown-root ratio is so unfavorable that extraction is advisable ([image: ] 3.7b).

CARIES OF THE ROOT AND CARIES OF THE BIFURCATION ([image: ] 3.8)

In some cases, teeth with caries of the root or bifurcation can be successfully treated with a combined endodontic, periodontal, and possibly orthodontic therapy. A careful evaluation of certain factors, such as the patient’s motivation and the strategic importance of the tooth or of the roots from a prosthetic point of view, but above all the condition of the periodontium of the residual healthy tooth structure (more or less favorable crown-root ratio), will point to one therapy or the other.


[image: ]

[image: ] 3.7 Inadequate periodontal support and an unfavorable crown-root ratio are contraindications to endodontic treatment of the lateral incisor (a) and of the second premolar and first molar (b).
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[image: ] 3.8 Extensive caries of the bifurcation of the mandibular first molar required tooth extraction.



INTERNAL RESORPTION WITH PERFORATION ([image: ] 3.9)

Extensive internal resorption with perforation may be a contraindication to root canal therapy ([image: ] 3.10). However, even extensive internal resorption with perforation can sometimes be treated successfully with calcium hydroxide, as suggested by Frank and Weine6 or with Mineral Trioxide Aggregate (MTA) as suggested by Torabinejad and Chivian.7 In this case, one would have to keep in mind the fragility of the tooth, of which the patient must also be warned, as well as the possibility of restoring the crown in an adequate and predictable manner. The diagnosis and treatment of internal resorption will be discussed in detail in the Chapter 34 on root resorptions.

VERTICAL ROOT FRACTURE (see [image: ] 3.4)

The only instrument that may be used in this circumstance is the extraction forceps, as there is still no other form of therapy. With the aim of saving even these teeth, some authors have suggested sophisticated treatments, including circumferential root wiring, “zipper” amalgam implants,4 and reapposition of the two fragments by screwing.8 In any case, they represent desperate attempts destined either to succeed only temporarily or to fail immediately. The diagnosis of vertical fracture of the root will be discussed in detail in the Chapter 31 on endodontic-periodontal relationships.


[image: ]

[image: ] 3.9 The contraindication to endodontic therapy of the second premolar is obvious in this case.



False contraindications

Some authors consider the following clinical-pathological situations as indications for endodontic surgery and therefore contraindications to conservative therapy. Actually, before undertaking a surgical approach, it is always advisable, if not indeed mandatory, to perform or at least to attempt a conservative, non-surgical therapy. Only in the case of failure should one feel justified in intervening surgically, and the contraindication to nonsurgical endodontics will become an indication for a surgical treatment.

THE PRESENCE OF BROKEN INSTRUMENTS

A fractured instrument can sometimes be removed from the root canal space, allowing a nonsurgical endodontic retreatment ([image: ] 3.11, 3.12). With the use of the surgical operating microscope the removal of broken instruments is a lot easier and more predictable. In other cases, it is only possible to bypass the fragment with fine instruments to clean, shape, and fill the portion of the root canal situated apically to the tip of the fractured instrument, without however achieving its removal ([image: ] 3.13). When a broken instrument is present in the root canal, it is not so important to remove it, even if this would impress the patient, who for his part does not appreciate the idea that a foreign body has been left (sometimes unbeknownst to him) by the preceding dentist.


[image: ]

[image: ] 3.10 a) Internal resorption with perforation in the maxillary central incisor. b) Intraoperative photograph of the radicular defect.






[image: ]

[image: ]

[image: ] 3.11 a) The preoperative radiograph demonstrates the presence of a fragment of an endodontic instrument that fractured in the middle and apical third of the upper right central incisor. b) The fragment has been removed using an ultrasonic tip under the operating microscope. c) Postoperative radiograph.






[image: ]

[image: ]

[image: ] 3.12 a) An instrument has fractured within the distal root canal of the lower molar. b) The instrument has been bypassed with a #.08 K-File. c) The fragment has been removed using an ultrasonic tip under the operating microscope. d) Postoperative radiograph.




[image: ]

[image: ] 3.13 a) An instrument has fractured within one of the two root canals of the mesial root. b) A # 10 K-File bypasses the fragment, which however is not removed from the root canal. c) Postoperative radiograph: the fragment is no longer recognizable because it is surrounded by filling material, but it is still present within the root canal. d) Twenty-four months later.





In such a case, success depends on the possibility to negotiate the apical portion of the canal beyond the broken fragment, to remove the infected contents and then to seal the apical foramina of the root canal system.

If in the course of cleaning and shaping, the broken fragment is dislodged and removed from the canal, so much the better. If not, the small fragment will remain entrapped in the filling material without in any way diminishing the success of the endodontic treatment.

Only when the fractured instrument blocks the access to the more apical portions of the root canal or when the fragment is beyond the root apex, is endodontic surgery indicated. In this case, the sole access to the apex will be through a surgical flap ([image: ] 3.14).

The problem of fractured instruments will be more thoroughly discussed in the Chapter 37 on retreatment and in the Chapter 38 on managing iatrogenic endodontic events.



[image: ]

[image: ]

[image: ] 3.14 a) Preoperative radiograph of the maxillary first premolar showing a fragment of a broken instrument beyond the apex. b) Clinical aspect of the fragment during the surgical procedure. c) The carbide bur is going to section the root apex mesially and distally to the fragment. d) The root apex has been sectioned. e) The spoon excavator is going to remove the apex. f) The broken instrument has been isolated. g) The Steiglitz pliers remove the broken instrument from the root canal. h) A view of the retroprep. i) The retrofill made with SuperEBA. j) Postoperative radiograph. k) One-year recall.





THE PRESENCE OF CALCIFICATIONS

Also in this case, the presence of a very calcified root canal could appear as an indication for a retrofilling. However, surgery is indicated only after attempts for a conservative treatment have failed. Many cases that initially seem untreatable by non-surgical means on radiographic examination, later turn out to be amenable to conventional therapy: the root canals may be negotiated, although not without difficulty ([image: ] 3.15, 3.16). The use of the surgical operating microscope and the cone beam computed tomography are very helpful in finding and negotiating calcified root canals ([image: ] 3.17). As it will be discussed later on, the pulp tissue gets inflammed, calcifies, and dies in a coronal-apical direction, therefore even the most calcified root canal is almost always negotiable in the apical one third.


[image: ]

[image: ] 3.15 a) Preoperative radiograph of a nonvital upper left central incisor. The pulp chamber and the root canal seem to be completely calcified. Note the width of adjacent root canals. b) An endodontic probe indicates the position of the canal orifice. c, d) Using the surgical operating microscope, the patency of the root canal has been found in the apical one third. e) Postoperative radiograph.
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[image: ]

[image: ] 3.16 a) Preoperative radiograph of the lower right first molar. The patient was referred by the dentist who was not able to localize the root canal orifices. The pulp chamber and the root canals appear to be very calcified on the radiograph. b) The access cavity shows the pulpal floor completely calcified and the attempt of the previous dentist to find the mesio-buccal canal: the attempt has been made in the wrong place. Note the white line surrounding the calcified floor. c) The calcifications are removed with an ultrasonic tip (Start-X™ # 2, Dentsply Maillefer) without any irrigation, under the operating microscope. d) The Micro Opener (Dentsply Sirona, USA) starts to negotiate the mesio-lingual canal. e) Working lenght of the same canal. f) The mesio-lingual canal has been cleaned and shaped. g) The Micro Opener (Dentsply Sirona, USA) starts to negotiate the mesio-buccal canal. h) The mesio-buccal canal has been cleaned and shaped. i) The endodontic probe JW 17 is looking for the orifice of the distal canal. j) The # .08 C+File (Dentsply Sirona, USA) is negotiating the distal canal. k) The distal canal has been cleaned and shaped. l) The cone fit. m) Postoperative radiograph. n) Two-year recall.




[image: ]

[image: ] 3.17 a) Preoperative radiograph of the upper left first premolar. The canals are calcified and the referring dentist was not able to find them, since he was going in the wrong direction, too much to the mesial. b) Intraoperative radiograph to confirm that the orifice of the root canal has been found and the # .08 C+File (Dentsply Sirona, USA) is going in the right direction. c) The working length of the buccal canal. d) CBCT image showing the buccal canal prepared and the palatal completely calcified. e) Axial view of the CBCT image at the apical one third showing that the foramen is just one and it is perfectly centered in the root. It means that the two canals were joining in a common foramen, therefore there is no need to insist on looking for the palatal canal, with a high risk of perforating the root. f) CBCT image confirming the existance of one single foramen exiting on the distal aspect of the root. g) CBCT image showing that the ultrasonic tip used to look for the palatal canal was going too much to the palatal. h) Three-dimensional construction showing the foramen on the distal aspect of the root. i) Postoperative radiograph. The palatal canal was not found and was not negatiated. The patient had a fistolous tract which healed completely in one week, confirming the two canals had only one common foramen. j) Two-year recall. Note the perfect healing.





ANATOMICAL DIFFICULTIES

Highly pronounced curvatures can sometimes discourage the endodontist, so much so that he may recommend retrofilling, possibly even extraction ([image: ] 3.18). Indeed, Weine4 states that, even if canals with pronounced curvatures can sometimes be treated successfully, the best approach is extraction, unless the tooth is of great strategic importance. He claims that such teeth require two or three times the normal working time for enlargement and filling, cause a great deal of frustration, and are frequently treatment failures. In contrast, the same amount of time spent on a prosthetic replacement will usually afford a better final result.


[image: ]

[image: ] 3.18 First upper molar with an endodontic anatomy that makes the clinical approach extremely difficult.



As a matter of fact, one need not be so pessimistic. The motivated patient will appreciate the time spent in treating his/her tooth, especially if, a precise treatment plan having been established, he/she is apprised from the beginning about the difficulty that the case presents. With patience, a good supply of very fine instruments, and a good canal preparation technique, even the most difficult cases can be treated ([image: ] 3.19-3.21); thus the number of cases will be reduced that on a superficial examination may have been judged untreatable. However, one must recall that “untreatable by conservative means” does not mean “indication for extraction” and thus implants and prosthesis: before using forceps for extracting teeth, it is well to attempt Surgical Endodontics.

DIFFICULTY OF RETREATMENT

The presence of a silver cone within a root canal, the crown of which is covered by a gold-ceramic prosthesis ([image: ] 3.22) does not per se indicate the need for surgical intervention. This is especially true if the root has a lateral lesion of endodontic origin, securely supported by the presence of lateral canals that are untreated and difficult, if not impossible, to seal surgically. In such cases, apicoectomy with retrofilling of the main canal is contraindicated. It would lead to certain failure, leaving numerous unsealed portals of exit below. Nonetheless, in such cases a proper treatment plan must consider the opening of an access cavity in the prosthesis, the removal of the old obturating material and the three-dimensional filling of the root canal system, so as to seal all the portals of exit.


[image: ]

[image: ] 3.19 a) Preoperative radiograph of the lower left second molar. b) Working length. Notice the position of the foramen of the mesial canal. c) Notice now the second foramen of the same mesial canal. d) Postoperative radiograph. (Courtesy of Dr. Filippo Santarcangelo, Bari, Italy.)





[image: ]

[image: ] 3.20 a) Preoperative radiograph of the lower right second molar. b) Postoperative radiograph. (Courtesy of Dr. Filippo Santarcangelo, Bari, Italy.)
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[image: ] 3.21 a) Preoperative radiograph of the lower left second molar. b) Working length. Notice the sharp curvature of the distal canal. c) Postoperative radiograph. d) Two-year recall. Notice the perfect healing. (Courtesy of Dr. Filippo Santarcangelo, Bari, Italy.)




[image: ]

[image: ] 3.22 Nonsurgical retreatment of the maxillary central incisor, which has already been treated with a silver cone. The mesial radiolucency is a contraindication to the surgical approach. a) Preoperative radiograph: a gutta percha cone has been introduced into the fistula and reaches the lesion on the side of the root. b) The postoperative radiograph shows that the lesions had been maintained by three lateral canals that had not been filled. c) The one-year recall shows the healing. (Courtesy of Dr. C.J. Ruddle.)





SIZE OF THE LESION

Many authors, including Harnish,9 Grossman,10 and Tay et al.11 are still convinced that if a lesion is very large it is almost certainly a cyst, and thus cannot heal unless excised in its entirety.

Indeed, Harnish writes that, given that the distinction between a granuloma and a cyst is extremely difficult on the basis of clinical and radiographic criteria, “it is well to make extensive use of apicoectomy”. “The smaller the radiographic image, the more likely it is that the diagnosis of granuloma is correct”. In support of his claim, Harnish reports a study by Lalonde12 which demonstrated that periapical lesions from 0 to 1 cm2 in an area represented granulomas in 70% of cases and cysts in 30%; those from 1 to 2 cm2 represented granulomas in 40% of cases and cysts in 60%; and 100% of those greater than 2 cm2 were cysts. “The differential diagnosis between granuloma and cyst is important”, continues Harnish, “inasmuch as the treatment of granulomas can be attempted through proper canal treatment. The granuloma, however, containing epithelial tissue that may lead to the formation of apical cysts, is generally considered an indication for intervention (i.e., apicoectomy), since the removal of the epithelium eliminates the possibility that a cyst will form”.

Among the indications for apicoectomy, Grossman10 lists first the extensive destruction of the periapical tissue, bone, or periodontal ligament that involves one-third or more of the root apex, and second the root apex involved in a cystic condition.

Tay et al.11 have demonstrated that the success of conservative endodontic therapy diminishes with increased size of the periapical lesion.

Contrary to these authors’ claims, it can be stated with the support of extensive evidence in the literature and clinical experience based on thousands of cases that the size of the lesion has no bearing on its healing.

Once it has been confirmed that the lesion, large or small, limited to only one apex or involving the apices of adjacent teeth, is a lesion of endodontic origin, it is practically impossible to distinguish between a granuloma and a cyst on the basis of radiography alone,13-22 even though the literature may suggest a correlation between increasing lesion size as demonstrated by x-rays and the incidence of cysts.16 Furthermore, since it has no bearing on therapy, the distinction is practically pointless; its value is only academic and can be confirmed only by electrophoretic 17,23,24 or histological examination.

Even with histologic techniques, however, it is impossible to provide precise statistics, because there are numerous intermediate forms. Thus, if the presence of epithelial cells is used to distinguish between the two, one arrives at the easy conclusion that all lesions are cysts.

The presence of epithelium in periradicular inflammatory lesions is a consistent finding, so much so that it is the rule to find nests of epithelial cells (the epithelial rest of Malassez, which remain after the disappearance of Hertwig’s root sheath) in the periodontal ligament of a healthy tooth.

A study by Bhaskar25 confirmed by Lalonde and Luebke,26 showed that the percentage of periapical radiolucencies classifiable as cysts is close to 45%. It is logical, therefore, to conclude that many cysts heal after nonsurgical endodontic therapy, since the success rate of clinical endodontics is much higher than just 55%! Furthermore, even though a surgical endodontic procedure is planned, the root canal system, in any case, has to be three-dimensionally cleaned, shaped, and obturated, therefore the non-surgical therapy has nothing to lose!22

From a practical point of view, the distinction between a granuloma and a cyst is completely useless, since they are two different histologic aspects of the same lesion. Their (endodontic) etiology is the same, and they require the same (endodontic) therapy ([image: ] 3.23).

The endodontist must therefore not be alarmed by the size of the lesion or the presence of epithelium, which will surely always be variably present. Instead, he must focus his attention on the etiology (i.e., whether the lesion is of endodontic origin), since the therapy in either case is the same.

According to Lalonde,12 the surgical treatment is justified only when conservative endodontic treatment has failed (for reasons independent of the lesion’s biology). The purpose of such intervention is to improve the apical seal that had been imperfectly completed by the conservative approach ([image: ] 3.24). The large cystic lesion is removed during the intervention, but sometimes only partially, for reasons of visibility and surgical access, and it is not always necessarily removed in toto, for fear that the lesion will re-form: in this way, one avoids damaging important adjacent anatomical structures (the mental nerve, inferior alveolar nerve, floor of the maxillary sinus, and nasal fossa) and having to devitalize adjacent teeth.18,27



[image: ]

[image: ] 3.23 a) The panoramic radiograph shows the presence of a large cyst involving several teeth, from the first premolar to the second molar. The first premolar tested vital, the second premolar had a necrotic pulp, the first molar needed a retreatment and the second molar had a pulp exposure. b) The preoperative radiograph shows the radiolucency of the lesion. c) Postoperative radiograph after nonsurgical treatment. d) Another postoperative radiograph with a different angulation shows the root canal anatomy. e) Nineteen months recall. f) Nine-year recall. Why do oral surgeons still insist that it is important to remove the cystic wall?






[image: ]

[image: ] 3.24 a) Preoperative radiograph of the maxillary central incisor, which has been previously treated endodontically. A large, probably cystic lesion, possibly sustained by the irritant matieral beyond the apex, is present. b) Postoperative radiograph after nonsurgical retreatment. c) Postoperative radiograph following apicoectomy with retrofilling, performed because of persistent symptoms. In the course of the procedure, performed only to improve the apical seal and remove the irritant material, the cystic wall has been intentionally left in place, so as not to compromise the vitality of the adjacent tooth. d) Four years later. The vitality of the cuspid has been preserved. The radiolucency between the two apices does not indicate treatment failure, but rather represents healing with an apical scar, a typical outcome of the treatment, nonsurgical or surgical, of large lesions.



Today, most North American oral surgeons concur in not curetting the lesion, since this is considered a malpractice risk.28

Another reason why some authors are convinced of the need for surgical removal of cysts is the fear of so-called “residual” cysts. According to these authorities, if the lesion is not excised down to the last epithelial cell, it will re-form, since it has the potential of a self-sustaining lesion.29

In 1950, Grossman30 wrote: “root canal therapy is contraindicated in teeth with a cyst, since the cyst will continue to develop unless its epithelial wall is surgically removed in its entirety”. Contradicting this theory is the fact that apical cysts heal spontaneously after conservative endodontic therapy.31,32

In the author’s opinion, one may accept the theory of residual cysts, but one must keep in mind that their extreme rarity does not justify a surgical intervention in the case of every radiolucency that suggests a cyst. It would be sheer folly to do so in every case.

It remains to be proved that the so-called “residual cysts” are persistent lesions of endodontic origin after dental extraction or following apicoectomy not followed by scrupulous curettage of the alveolar bone. In fact, there are not only odontogenic cysts, but many other pathological varieties that can present as cysts in edentulous zones: it would be too simple to list all such entities as residual cysts ([image: ] 3.25).

On the other hand, if a careless curettage were enough to cause the number of residual cysts to increase, one would expect that such lesions would be very frequent, given the widespread “malpractice” everywhere. Fortunately, this is not the case.

Finally, one might be faced with cysts or, even better, with residual infections, but frequently (if not always) such infections are due to the presence of an apical fragment left in the alveolus after an extraction performed hurriedly, rather than to a careless apical curettage ([image: ] 3.26). Alternatively, they may be due to the presence of a concretion of tartar that has fallen into the bleeding alveolus during tooth extraction, or to the presence of a bony sequestrum. That which is left behind in these cases is not so much the epithelium that covers the lesion, so much as a closed system containing bacteria and toxins. Because it is impenetrable to the organism’s defense mechanisms, the pathogens continue their pathogenic action undisturbed. One must therefore conclude that the lesions named as “residual cysts” are lesions of unknown etiology.



[image: ]

[image: ] 3.25 a) Mandibular first premolar during apexification. b) Six months later, a cyst is developing in the adjacent zone which is edentulous for the agenesis of the second premolar. c) After 19 months the cyst becomes bigger. d) Two years later, the cyst has reached a considerable size. e) Healing one year after surgical excision of the cyst. A histological examination confirmed that it was a keratocyst in a patient with Gorlin’s syndrome. f) Two year recall.






[image: ]

[image: ] 3.26 a) The preoperative radiograph of the mandibular second molar shows the presence of a “residual infection” in the zone in which one year prior a necrotic first molar had been extracted. b) A radiograph of the apical area shows that the entire mesial root has fractured during the extraction and then was forgotten in the alveolus. It is evident what this infection is a “residual” of. c) Radiograph following surgical root extraction. d) Healing of the lesion two years later.



True indications

Apart from the true contraindications discussed above, all teeth that have pulp and/or periradicular pathology are excellent candidates for endodontic treatment.1,22 Furthermore, root canal therapy is indicated in many other situations that in the literature are described as contraindications on account of the general condition of the patient.

AGE

There are no age limits for this type of therapy. If even the youngest baby cooperates, either spontaneously or by sedation, he/she is an optimal patient. The elderly patient can be treated like any other patient, as long as one keeps in mind that his/her root canals are thinner because of the deposition of secondary dentin; thus, probing can be difficult. In addition, the healing process is slightly slower in comparison with young patients.

THE PATIENT’S GENERAL STATE OF HEALTH

Very frequently, one hears that the gravely ill patient cannot undergo endodontic therapy. In fact, the contrary is true: it is much easier and safer for the patient to undergo endodontic treatment than a dental extraction. For example, one does not run any risk in treating a patient with a history of rheumatic fever, since such a patient can be given antibiotic prophylaxis.33 Extraction, in contrast, leads to much greater bacteremia.34,35 Patients with heart disease may be treated without concern. Many endodontic treatments may be done without anesthesia, and when it is necessary it may be used without a vasoconstrictor. As long as their disease is well-controlled, diabetic patients respond well to therapy, although they heal more slowly. There is no reason not to perform endodontic treatment on a patient with leukemia or terminal cancer.36 Such patients should live their last months of life without toothaches. For them, as for patients with hemophilia or hemorrhagic purpura, it is undoubtedly less traumatic to undergo a root canal treatment than an extraction.

PREGNANCY

Postponing treatment to at least the second trimester is advisable. Is is inadvisable to perform it during the first, both because the patient cannot receive radiation, and because this is the most delicate period, during which the highest percentage of abortions occurs, and it would be very unpleasant to be unjustly blamed for a miscarriage by the patient, who may have had to interrupt the pregnancy for other reasons. If a toothache arises during the first trimester, it is advisable to temporize with medications, use anesthetics without a vasoconstrictor, and avoid radiography for canal measurements, possibly making use of electronic apex locators. There are no contraindications to root canal therapy in the last trimester,37 as long as the patient can sit for an extended period of time in the dental chair. Nonetheless, the author prefers to postpone everything until the patient has carried the pregnancy to its end, especially for medico-legal considerations (see Chapter 5).

Strategic Endodontics

Frequently, endodontic therapy may also be necessary in teeth that have no pulp or periradicular compromise. This is the case when a tooth requires a post to give more retention to the reconstruction. It is the case when “overdentures”38 are anchored to teeth, or when roots are treated and retained only under complete dentures with the sole aim of not resorbing the alveolar crests. Finally, it is the case when teeth are prophylactically treated by endodontic means to prevent certain pulp compromise following prosthetic preparation ([image: ] 3.27),39 or when a root must be removed for periodontal reasons. These are all cases of so-called “strategic Endodontics” ([image: ] 3.28-3.32).

Another indication for intentional endodontics is the case of vital teeth badly discolored by tetracycline ingestion. Following root canal therapy, internal bleaching my be carried out.40 See Chapter 32.


[image: ]

[image: ] 3.27 a) The maxillary first molar, because of its significant extrusion, must be treated endodontically before prosthetic treatment. b) Bitewing radiograph. c) Intraoperative radiograph. d) Postoperative radiograph.





[image: ]

[image: ] 3.28 a) Preoperative radiograph of the maxillary first molar. The tooth must undergo amputation of the distobuccal root for periodontal reasons and therefore must first be treated endodontically. b) Postoperative radiograph. The access cavity has been obturated with amalgam and a pin has been made in the root, which must be amputated. c, d) Clinical and radiographic appearance two years later.




[image: ]

[image: ] 3.29 a) Preoperative radiograph of a mandibular first molar with severe periodontal disease. b) During the periodontal procedure, it is decided to amputate the mesial root. c) Postoperative radiograph after endodontic therapy. d) 18 month recall.




[image: ]

[image: ] 3.30 a) Preoperative radiograph of a lower left first molar, with furcation involvement of periodontal origin. The molar has to be bicuspidized, therefore it has to be treated endodontically first. b) Postoperative radiograph. c) Fourteen month recall. d) Four-year recall.




[image: ]

[image: ] 3.31 a) Preoperative radiograph. The lower first molar has a furcation involvement of periodontal origin and needs to be endodontically treated in order to be bicuspidized. b) 16 month recall.




[image: ]

[image: ] 3.32 The palatal root of this first upper molar has to be removed, therefore the tooth needs to be endodontically treated. a) Preoperative radiograph. b) 12 month recall.
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Chapter 4

Diagnosis in Endodontics



Arnaldo Castellucci

As already stated, the first step in properly performing therapy is making an accurate diagnosis, in order to prepare an adequate treatment plan.

The dentist must collect some data from the patient and simultaneously perform numerous tests and examinations. By combining the subjective and objective information, one can arrive at the correct diagnosis.

Subjective information

Medical history

Although practically speaking there are no systemic contraindications to endodontic treatment, one must nonetheless ask the patient to complete and sign a short, updated and comprehensive form ([image: ] 4.1) that provides the dentist with information about the general medical status of the patient.1 Apart from its medico-legal importance, it is important because it may influence the therapy to some degree.

For instance, if the patient had a prosthetic heart valve replacement, a history of rheumatic fever, or a malignancy requiring chemotherapy or radiotherapy, the endodontic treatment will have to be performed with antibiotic prophylaxis.

In other cases, such as patients with hepatitis, herpes, or AIDS, it is not only the patient who must be protected from infections, but also the dentist and the staff. In such cases, the dentist and the assistants are urged to protect themselves with rubber gloves, face masks, and protective eye shields, which on the other hand is advisable to use routinely.

If the patient is under treatment for other reasons and there is concern regarding drug interactions or if one needs information that the patient is unable to provide, it is always prudent to consult with the patient’s physician.

If, after completing the dental examination, the subjective, objective, clinical testing, and radiographic findings do not result in a diagnosis with an obvious dental origin, then the clinician must consider that an existing medical problem could be the true source of the pathosis. In such instances, a consultation with the patient’s physician is always appropriate.1


[image: ]

[image: ] 4.1 Example of a simple form to be completed and signed by the patient regarding their medical and endodontic history.



Dental history

Frequently, patients spontaneously offer their dental complaints; in other cases, the dentist must guide them by asking precise questions and listen carefully to their answers.

The aim of the dental history is to determine:

[image: ]why the patient has sought the attention of a dentist;

[image: ]whether the patient has recently had any dental treatment that may influence the condition of the pulp;

[image: ]when the problem began;

[image: ]whether there are factors that positively or negatively influence the patient’s present complaint, such as heat, cold, pressure, or mastication;

[image: ]the frequency of the problem;

[image: ]whether there is pain; and if so, its location (whether the patient can identify the area of the responsible tooth, or whether the pain is diffused and irradiated), its origin (spontaneous or provoked), its reproducibility (whether the symptoms can be reproduced), its character (sharp, dull, lingering, or throbbing), its duration (continuous or intermittent), and whether it is postural (whether the pain occurs in the evening, when the patient is recumbent).

The dentist must carefully consider all the information that the patient provides, since this information alone sometimes suffices to formulate a general diagnosis, even before collecting objective information and performing other tests. However, the diagnosis must be confirmed with other tests.

On the other hand, the dentist must on occasion sift through a mountain of information that the patient sometimes provides. The dentist must not overvalue such data, especially if the patient recounts a variety of symptoms as the present complaint that have occurred over the course of weeks or months. With some exceptions, certain symptoms cannot coexist, and thus the patient may, without realizing it, confuse rather than enlighten or direct the dentist toward the correct diagnosis. It is the dentist’s responsibility to distinguish important symptoms from negligible or remote ones and to investigate further the recent dental history, without being misled by the past dental history. If a patient comes to the office indicating an obviously carious tooth as the cause of the problem, hopefully the only one affected by caries in that hemiarch, there is no need to linger on the dental history. Rather, it is preferable to use this time to eliminate the patient’s suffering.

Objective information

Examination

The first assessment is facial symmetry. Asymmetry might indicate edema of dental origin or the consequence of trauma. During the external inspection, cutaneous sinus tracts are sought.2,3

With the help of a dental mirror and a probe, an intraoral examination of the soft and hard tissues follows the extraoral inspection.

In examining the soft tissues, one must search for leukoplakia, precancerous or cancerous lesions of the oral cavity, sinus tracts, swelling or erythema, scars, and evidence of prior periapical surgery ([image: ] 4.2). The patient’s oral hygiene and the integrity of his/her dentition must also be assessed. Poor oral hygiene in a mouth with several missing teeth testifies to a patient who very likely will not appreciate the dentist’s therapeutic efforts and thus does not deserve them. The patient will not know how to maintain in a state of good health the tooth that the dentist is asked to treat. A question that occasionally is worth asking oneself is: “If the patient doesn’t care about his or her teeth, why should one care for them?” Nevertheless, it is the dentist’s implicit responsibility to undertake every effort to motivate that patient.

In examining the hard tissues, after the assistant has dried the dental crowns with the help of a surgical aspirator, one searches for caries with the help of a small, sharp probe, and one checks for discoloration of the dental crowns, the condition of prior dental work, and the presence of cracks or fractures.

If one suspects a periodontal or a mixed periodontal-endodontic lesion, it is also necessary at this point to perform a careful examination with the help of periodontal probes, the straight probe for vertical defects and the curved one for horizontal bifurcation defects.



[image: ]

[image: ] 4.2 a, b) Allergy to amalgam evident on the tongue and the lip. c) This lesion has been caused by the repeated biting of the lip by the patient, anesthetized with the inferior alveolar block. d) Osseous sequestrum, caused by the accidental injection of a carpule of chloroform. (Courtesy of Dr. R. Becciani.) e) Lesion at the labial commissure caused by incorrect use of laser. (Courtesy of Dr. J. Colasanti.) f) Scar of a previous periapical surgery. g) Cutaneous sinus tract in the mental region.





Percussion

The percussion test determines the presence of inflammation in the periodontal ligament, but gives no information about the state of health of the pulp. Percussion stimulates the proprioceptors of the periodontal ligament.4 The test can be used to diagnose an acute apical periodontitis, the consequence of pulp inflammation or result of occlusal trauma or periodontal disease.

Percussion is first performed gently with the right index finger ([image: ] 4.3) (always beginning with the least suspect tooth so as not to frighten the patient), and then percuss the occlusal, buccal, and lingual surfaces with the handle of the dental mirror ([image: ] 4.4). Gentle percussion of a tooth affected by an inflammatory process in the periodontal ligament will cause pain to the patient, while the dentist can appreciate the “cracked” sound arising from it.5 For any heightened responses, the test should be repeated as necessary to determine that it is accurate and reproducible, and the information should be documented.1 A positive response to the percussion test is a sure sign of an inflammatory process involving the periodontal space, probably of endodontic origin. A negative response, on the other hand, is not a definite sign of good health, because chronic periapical inflammation is asymptomatic.


[image: ]

[image: ] 4.3 Percussion test performed gently with the index finger.




[image: ]

[image: ] 4.4 Percussion test performed with the handle of the mirror.



The percussion test is contraindicated when a crack and especially a coronal fracture is suspected (see Cracked tooth syndrome in Chapter 9).

Palpation

Palpation consists of the application of light digital pressure on the soft tissues of the oral cavity ([image: ] 4.5). The right index finger is usually employed. Using a glove, it is lightly applied to the suspect area with a rolling motion. In this way, painful areas can be identified because of the spread of inflammation from the periodontal ligament to the overlying periosteum.

The test is most effective when it is performed simultaneously on the contralateral tooth for the purpose of comparison.6

This maneuver can help reveal apical periodontitis in the earliest phase. It is useful in delineating the limits of the inflamed and swollen area (e.g., an acute alveolar abscess) and then localizing the point in which to insert the scalpel for incision and drainage of the purulent exudate. In the case of an abscess, it may furthermore be useful to perform a bimanual examination using the two index fingers, to assess whether the underlying swelling is soft and fluctuant1 ([image: ] 4.6).7

Bimanual examination is also performed to investigate the condition of the submandibular or cervical lymph nodes ([image: ] 4.7).

Finally, palpation can provide information about the mobility of the teeth and the presence of an apical fenestration or an alveolar fracture.


[image: ]

[image: ] 4.5 Palpation test.
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[image: ] 4.6 Bimanual palpation to ascertain the fluctuance of the purulent exudate.




[image: ]

[image: ] 4.7 Bimanual palpation to explore the submandibular lymph nodes.



Radiographic examination

Radiographs are of fundamental importance for endodontic diagnosis. The dentist who tries to make a diagnosis without the support of a radiographic examination is like a blind man groping in the dark. One must nevertheless remember that radiography is a two-dimensional representation of an object that exists in three dimensions. There is always the risk of an erroneous interpretation; hence, it must not be used as the sole diagnostic tool, but only in association with others. Furthermore, when examining multirooted teeth, it is always advisable to have at least three radiographs taken with different angulations, as is discussed in Chapter 5.

The radiographic appearance of endodontic pathosis can sometimes be highly subjective.1 In a study by Goldman et al.8 there was agreement among the evaluators only in 50% of the radiographically evaluated cases and when the same cases were reevaluated several months later by the same clinicians, the evaluators agreed with their own original diagnosis only 75% to 83% of the time. This emphasizes the necessity for other objective diagnostic tests, as well as the importance of obtaining and comparing, when possible, older radiographs.

Obviously, radiography is of no help in assessing the vitality of pulp tissue. For example, a necrotic tooth will not cause apical radiographic abnormalities until the periapical pathology has destroyed the osseous trabeculae at the point of union with the cortical bone.9-12 The appearance of the osseous pathosis on the radiograph has much to do with the relative location of the root of the tooth and how it is oriented with respect to the cortical and cancellous bone. Radiographic changes from bone loss will not be detected if the bone loss is only in the cancellous bone. The more the apex of the tooth is close to the cortical-cancellous bone junction, the more the bone loss can be detected. This is the reason why the periapical pathosis from anterior and premolar teeth is exhibited sooner when compared to the distal roots of mandibular first molar and both roots of second molars: periapical lesions from these roots must expand more before they reach the cortical-cancellous bone junction and are recognized on the radiograph.9,10

In spite of this, the information radiography provides is substantial. This includes:

[image: ]the presence and extent of carious lesions;

[image: ]the vicinity of dental restorations to the pulp tissues;

[image: ]pulp caps;

[image: ]pulpotomies

[image: ]pulp calcifications;

[image: ]canal calcifications;

[image: ]root resorptions;

[image: ]periradicular radiolucencies (if there is a large radiolucency, it is necessary to take another radiograph that shows the entire limits of the defect);

[image: ]the origin of a sinus tract (by introducing a contrast medium into the sinus tract, such as a gutta-percha cone);

[image: ]radicular fractures;

[image: ]thickness of the periodontal ligament;

[image: ]periodontal disease;

[image: ]number of roots (following the outlines of the lamina dura) and canals;

[image: ]the width of the pulp cavity;

[image: ]the approximate length of the roots;

[image: ]the thickness of the dentinal walls;

[image: ]the degree of radicular curvature (if the curve lies on a mesiodistal plane);

[image: ]the degree of maturation of the radicular apices;

[image: ]evidence of prior root canal therapy.

The preconditions of correct radiographic interpretation are good techniques in taking and developing the radiograph. The radiograph should always show the entire tooth (from the crown to the alveolar bone surrounding the root apex), the entire periphery of the lesion and the examined tooth should always be centered.

The film (or the sensor) must be positioned with the appropriate film-holding instruments and any free-handed positioning methods must be avoided. It must be properly developed and fixed, and it must be analyzed with a good light source, possibly with the help of a magnifying lens.

Very often, it is necessary to take two or even more diagnostic radiographs, changing the angle of the radiographic tube by a few degrees from one to the next. By carefully analyzing the radiographs, one can obtain a more three-dimensional view, and the roots or overlying anatomical structures can be better distinguished (see Chapter 5).

A bite-wing radiograph ([image: ] 4.8) can also be useful for diagnostic purposes, as it provides more precise and less distorted information about the condition of the pulp chamber (e.g., deep caries, deep filling, direct capping, pulpotomy, calcifications).

As already stated, it is important to keep in mind that not all periapical lesions are radiographically visible, as occurs with lesions that extend only within the cancellous bone. In fact, as already emphasized, the lesion must also involve the cortical bone to be visible radiographically.13,14 Moreover, once the lesion appears on the radiograph, the true involved zone and the extent of osseous destruction are always greater than their radiographic appearance would suggest.15 This is a common observation in case of periapical surgery: the bony defect is always greater than what it appears on the preoperative radiograph.15

The radiographic examination is therefore perhaps the most important diagnostic test; nevertheless, it must never be interpreted alone, but must always be confirmed by tests of pulp vitality. As not all radiolucencies represent endodontic lesions, it would be very easy to commit serious diagnostic errors ([image: ] 4.9-4.20).



[image: ]

[image: ] 4.8 a) Preoperative radiograph of the maxillary first molar. The pulp chamber seems very calcified. b) The bite-wing radiograph shows the true dimensions of the pulp chamber.




[image: ]

[image: ] 4.9 a) The radiolucency seems to involve primarily the apex of the lateral incisor, which responds normally to all the vitality tests. The central incisor, on the other hand, is necrotic. b) Twenty-four months later.




[image: ]

[image: ] 4.10 The radiolucency seems to involve the central and the lateral incisors. Both teeth test vital. The cuspid has a necrotic pulp. a) Pre- operative radiograph. b) Six-month recall. c) Twelve-month recall. d) Eighteen-month recall. e) Twenty-four-month recall. The lateral incisor is still vital.





[image: ]

[image: ]

[image: ] 4.11 The first mandibular molar has a furcation involvement. The tooth has a vital pulp and the patient has no periodontal disease in the other quadrants of their mouth. The radiolucency is not of periodontal origin but rather is a primary endodontic lesion caused by the necrotic pulp of the second premolar. Its lesion is draining through the periodontal ligament of the molar, in the area of the furcation. a) Preoperative radiograph. b) The trifurcation as seen through the operating microscope. c) Postoperative radiograph. d) Seven-month recall. e) Four-year recall.






[image: ]

[image: ] 4.12 a) Every tooth of this radiograph test vital, therefore the apical radiolucencies are not lesions of endodontic origin. The patient has an adenocarcinoma of the maxillary sinus. b) The patient is referred for the root canal therapy of the first upper molar and their chief complaint is spontaneous pain radiated to eye and ear. The first molar needs a root canal therapy, but the tooth responsible of pain is the third molar, which is in pulpitis.




[image: ]

[image: ] 4.13 a) Two teeth seem to be responsible for the lesion: both the central and the lateral incisors. The lateral incisor responds normally to all vitality tests, while the central gives a negative response. b) Forty-six-month recall. Note the complete healing of the lesion, while the lateral is still vital.




[image: ]

[image: ] 4.14 a) The lesion seems to involve the apices of three teeth, but the tooth responsible for the lesion is the lower left central incisor. The other two teeth respond normally to the vitality tests. b) Five months later: the lesion has already disappeared, and the adjacent teeth have obviously preserved their pulp vitality.




[image: ]

[image: ] 4.15 a) The preoperative radiograph shows a lesion that involves two apices, but only one of the two affected teeth has a necrotic pulp. b) Twenty-seven months later.




[image: ]

[image: ] 4.16 a) The maxillary first molar presents a radiolucency at the apex of the palatal root. The tooth responds normally to all the vitality tests, therefore, the lesion is not of endodontic origin. b) The palatal root of the same tooth has a deep pocket; thus, the radiographically visible lesion is of periodontal origin, and represents the roof of the deep infrabony pocket. c) Postoperative radiograph. The tooth has been treated endodontically in preparation for periodontal therapy, which involved the amputation of the palatal root. d) Two-year recall.




[image: ]

[image: ] 4.17 a) The lateral incisor also seems to be responsible for the lesion involving the cuspid. The lateral incisor responds normally to all the vitality tests. b) Eighteen-month recall after surgery. Note the complete healing of the lesion, while the lateral incisor is still vital.




[image: ]

[image: ] 4.18 a) The maxillary left central incisor presents a small, roundish radiolucency superimposed on the apex. Note the presence of the lamina dura, an index of health and integrity of the periodontal ligament. The tooth responds normally to all the vitality tests, hence the radiolucency cannot be interpreted as a lesion of endodontic origin. b) A second radiograph taken with a more pronounced mesio-distal angulation shows that the radiolucency is no longer related to the root apex, which evidently lies on a more buccal plane. The radiolucency can therefore be assumed to represent the incisor or nasopalatine foramen.




[image: ]

[image: ]

[image: ] 4.19 a) The presence of an intact lamina dura around the apex of the maxillary right central incisor raises doubts about the endodontic nature of this radiolucency. b) A second radiograph taken with greater mesiodistal angulation reveals that the two structures, the apex and lesion, are on two different planes. The radiolucency is situated more palatally. c-e) The patient has been referred back several years later because of a palpable swelling in the palatine vault, which had not healed in spite of the endodontic therapy performed elsewhere. Once again, the two radiographs taken with incremental mesiodistal angulations show that the root apex and the lesion are unrelated. The periradicular lamina dura is still identifiable. This is a case of a cyst of the nasopalatine duct. f) Histologic appearance of the lesion (x25). g) Detail of the preceding figure (x400).




[image: ]

[image: ] 4.20 a) The lower central incisors of this 45-year-old patient present with a periapical radiolucency. The two teeth respond normally to the pulp tests and are not in occlusal trauma. This represents a case of periapical dysplasia of the cementum or periapical osteofibrosis in the osteolytic stage. These lesions need only be diagnosed and require no intervention. b) Four years later, the lesion is now also involving the right lateral incisor. c) Seven years later, the lesions are in the second stage, with initial calcification of the fibrotic tissue. The pulps continue to respond normally to the vitality tests. d) Twelve-year recall. e) Eighteen-year recall. f) Twenty-year recall.





Digital radiography

About 20 years ago this new technology became available and more recently has been refined with better hardware and more user-friendly software ([image: ] 4.21).1 Digital radiography has the ability to capture, view, magnify, enhance and store radiographic images in an easily reproducible format that does not degrade over time. The advantages of using sensors instead of films are obvious:

[image: ]no need of chemical processing

[image: ]no need of any special waste disposal

[image: ]less radiation to the patient

[image: ]rapid and easy interpretation for both the clinician and the patient

[image: ]no potential for image distortion from improper chemical processing

[image: ]useful tool for patient education ([image: ] 4.22)

[image: ]excellent quality like a “perfectly” exposed and “perfectly” processed conventional film-based radiography,16-18 which on the other hand it is not so easy to achieve.

In 1998, the American Association of Endodontists (Chicago, IL) predicted that “digital radiography will rapidly replace conventional dental X-rays”.19 The reader is referred to Chapters 6 for more information about digital radiography.


[image: ]

[image: ] 4.21 a) The digital X-ray scanner Durr Vistascan Mini Easy. b) The thin and flexible phosphor plates size 0 (child) and 2 (adult) do not differ from those for analogue film. They are very easy to position and sit very comfortably in the patient’s mouth. Once the image has been taken, it appears on the monitor in just a few seconds and then the plate is immediately ready to be used again.




[image: ]

[image: ] 4.22 a, b) The digital radiography is an excellent tool for patient education.



Cone Beam Computed Tomography

As it has been already discussed before, two-dimensional dental radiography has two basic short-comings: the lack of early detection of pathosis in the cancellous bone because of the density of the cortical plates, and the influence of superimposition of anatomic structures.20

About 20 years ago new devices became available for use in dentistry which allow a three-dimensional imaging: Cone Beam Computed Tomography (CBCT). The radiographic beam is directed to the target area with a reciprocating capturing sensor on the opposite side ([image: ] 4.23). The resulting information is digitally reconstructed and interpreted to create an interface whereby the clinician can three-dimensionally interpret “slices” of the patient’s tissues in a multitude of planes ([image: ] 4.24, 4.25).1


[image: ]

[image: ] 4.23 Planmeca ProMax 3D Classic.




[image: ]

[image: ] 4.24 a, b) Cone Beam Computed Tomography has the ability to capture, store and present radiographic images in various horizontal and vertical planes.




[image: ]

[image: ] 4.25 a, b) Cone Beam Computed Tomography has the advantage of being able to detect pathosis in the bone or associated with the teeth without the obstruction of anatomic structures. The planes of vision may be axial, sagittal or coronal.



The survey of the scans can be directly interpreted immediately after the scan and if needed can be sent to other clinicians or to the referring dentist. The biggest advantage of using the CBCT is not only to be able to have three-dimensional images ([image: ] 4.26), but also and mainly the possibility to eliminate the superimposition of other anatomic structures which can mask the interpretation of alveolar defect on a bi-dimensional image. Specifically, the maxillary sinus, zygoma, incisive canal and foramen, nasal bone, orbit, mandibular oblique ridge, mental foramen, and the overlap of adjacent roots may either obscure bone loss ([image: ] 4.27) or mimic bone loss, making an accurate radiographic interpretation sometimes difficult or impossible.1 In a recent article Velvart et al.20 found 100% accuracy with CBCT scans predicting 78 periapical lesions that were then confirmed by surgical biopsy. However, when applying conventional radiographic imaging to these same cases, they found that only 78% of these lesions could be detected.

Cone Beam Computed Tomography should not be seen as a replacement for conventional dental radiography, but rather as a diagnostic adjunct.1 The reader is referred to Chapters 7 for more information about Cone Beam Computed Tomography.


[image: ]

[image: ] 4.26 a) Preoperative radiograph of the lower right second molar. b) The axial view of the CBCT shows the anatomy of the molar: it is a “C Shaped Canal”. The arrows show the canal where the file present if Fig. c) has been introduced. A coronal one third. B middle one third. C apical one third. c) Intraoperative radiograph. Then file is not in the bifurcation, but it is in the concavity of the “C” shaped canal. d) Postoperative radiograph.





[image: ]

[image: ] 4.27 a) Intraoral radiograph of the first and second upper right molars. A radiolucency is evident at the apex of the MB root. The MB canals of the second molar appear to be empty with no bone loss at the apex. b) The off-angle radiograph is now showing a small radiolucency also at the apex of the disto-buccal root of the first molar but no radiolucency is evident at the apices of the second molar. c) The CBCT is showing the bone loss around the buccal roots of both the first and the second molar. d) The sagittal view confirms the bone loss at the apex of the buccal roots of the second molar. e) The axial view is showing the bone loss around the buccal roots of the first molar and the same defect on the palatal aspect of the buccal roots of the second molar. This bone loss was impossible to be detected with the bidimensional intra-oral radiograph because of the superimposition of several anatomic structures.




Thermal tests

Thermal tests provide the most reliable information regarding the health or degree of inflammation of the pulp. Patients frequently complain of pain following changes in temperature. A necrotic or inflamed pulp responds in a very different manner from a healthy pulp to thermal stimuli. Healthy pulp is normally sensitive to hot or cold stimuli, and this sensitivity will disappear immediately after the thermal stimulus is removed. A necrotic or inflamed pulp, on the other hand, either does not respond or responds in an exaggerated and prolonged manner.

When performing tests that duplicate the patient’s symptoms and thus reproduce the pain, one must first have the patient experience the response of a normal pulp before proceeding to test the suspect tooth or teeth. In other words, one must always begin from the least suspect tooth, so as to minimize the patient’s natural anxiety. The teeth must then be dried and isolated with cotton rolls.


[image: ]

[image: ] 4.28 Gutta-percha wrapped around the end of an instrument is heated by a flame to perform the heat test.



HEAT TEST

Several methods and materials have been used to test the pulp’s response to heat test. A very simple method is the isolation of every single tooth with the rubber dam, then fill an irrigating syringe with a liquid (normally plain water) that has a temperature similar to that which would cause the painful sensation and then express the liquid from the syringe onto the isolated tooth, to determine whether the response is normal or abnormal. When the test is made on the offending tooth, this will exhibit immediate, intense painful response to the heat. The clinician has to take into consideration that with the heat testing a delayed response may occur, so waiting 10 seconds between each test will allow sufficient time for any onset of symptoms.1

Another method for heat testing can be performed applying heated gutta-percha to the surface of the tooth. The gutta-percha can be wrapped around the handle of a spatula or any old instrument and then heated with a flame ([image: ] 4.28). The gutta-percha is heated to the point at which it is nearly too hot to be touched, but no more than about 65° C. It is placed on the apical third of the buccal surface, where the enamel is thinnest ([image: ] 4.29). Like the electric test, the heat test assesses dentinal sensitivity and therefore must be performed where the enamel, a poor conductor of heat and electricity, is thinnest.


[image: ]

[image: ] 4.29 a,b) The heat test is performed by applying the warm gutta-percha to the cervical area of the tooth, where the enamel is thinnest.



The heat test can also be performed using the “SuperEndo Alpha II” (manufactured by B&L Biotech USA, Inc.), using the specific tip to warm up the gutta-percha ([image: ] 4.30). If this method is used, a light layer of lubricant should be placed on the tooth surface before applying the heated material to prevent the hot gutta-percha from adhering to the dry tooth surface.

To perform the heat test on teeth with full gold crowns, one can use a rubber polishing disk in a rotary handpiece revolving at a high speed, generating frictional heat against the metal. If the tooth is covered by a ceramic-metal crown, the test is performed at the lingual cervical area, where there is usually some exposed metal surface ([image: ] 4.31). This method is seldom used today.


[image: ]

[image: ] 4.30 a-c) The heat test can also be performed with the “SuperEndo Alpha II” (B&L Biotech USA, Inc.), using the specific tip to warm up the gutta-percha.



Another method for performing the heat test in gold-ceramic-covered teeth is the use of hot water, after the tooth has been isolated with the rubber dam. In this manner, more reproducible results are obtained, and heat is used in quantities sufficient to penetrate the crown.21

The response of a normal pulp to the heat test is evident and immediately recedes after the removal of the stimulus.

The patient should not feel any pain.

It must not be forgotten that when the heat test is performed to diagnose pulpitis, one can produce an extremely strong radiating pain, which is throbbing and prolonged. Therefore, a means of relieving this pain, such as anesthesia or, more simply, cold water or an ice cube must be within reach.

Patients with intense pain of pulpal origin may be aware that cold reduces their discomfort and sometimes bring with them a glass of cold water for relief.22,23


[image: ]

[image: ] 4.31 A rubber disc generates frictional heat on the metallic border, and this can be used to perform the heat test on a full crown tooth.



COLD TEST

This is the primary thermal testing method for many clinicians today. However, to be more reliable, cold testing should be used in conjunction with an electric pulp tester in order to verify the findings of both tests. It can be performed by spraying ethyl chloride on the cervical area of a tooth or on a cotton pellet held in pliers and then placing it at the cervical area of the dried tooth without any delay, in order not to lose effectiveness.24 The second method is preferable, as ethyl chloride is a highly flammable anesthetic and potentially dangerous and also because it is more selective: spraying the refrigerant solution could involve the adjacent tooth and give false responses.

A better and simpler method is to use sticks of ice, as Weine suggests.25 They can be produced by filling the disposable anesthetic needle holders with water and placing them in the freezer compartment of the refrigerator, where they remain ready for use. When needed, the top of the plastic container is removed, leaving a stick of ice about 3 cm. long, which will more than suffice for testing the teeth of an entire quadrant ([image: ] 4.32).

Also, for this test, the teeth must be dried and isolated with cotton rolls. While the ice is applied, the assistant should aspirate the cold water of the melting stick, which, dripping on the adjacent tooth, could cause a false positive response. If there is concern about not having a precise response from the patient requiring the test to be repeated in a more selective manner, then a rubber dam can be used to singly isolate the teeth to be tested and immerse them in cold water ([image: ] 4.33).

The response of a normal pulp to cold stimulus is identical to that of a hot stimulus: the pulp has no specific receptors, and the neural fibers in the pulp only transmit the sensation of pain. The patient should not feel pain, but only a moderate sensation, which recedes immediately after the removal of the stimulus. If the responses to the thermal tests, hot or cold, deviate from a simple moderate response, for example pain that is slow to resolve even after withdrawal of the stimulus, very acute pain, or no response at all, the pulp that has been tested is not healthy, but variably inflamed. The lack of response may suggest either a necrotic pulp or a false-negative response due for example to excessive calcification, an immature apex, recent trauma, or patient premedication.24


[image: ]

[image: ] 4.32 a) Ice sticks can be made using plastic needle holders. b) The cold test is also performed on the cervical area of the tooth, where the enamel is thinnest. The teeth are dried and isolated with cotton rolls. The test is performed while the assistant aspirates the water produced by the melting ice stick so as not to have false-positive responses from the adjacent teeth.




[image: ]

[image: ] 4.33 a,b) For a more selective response, the tooth may be isolated with a rubber dam and then completely immersed in iced water.



Apparently, the cold tests performed as described seem to be equivalent or superior to the electric pulp tester for assessing pulp vitality.26

Electric pulp test

This test is performed with an instrument that can electrically stimulate the neural elements within the pulp. Consequently, the responses suggest the presence or absence of such neural fibers, but they will not provide any information about the status of the blood supply of the pulp, which would be very useful to know and on which pulp vitality alone depends.1

In other words, this test can distinguish whether the pulp is vital or necrotic, but it provides no information about the type of pulp vitality, whether the pulp is alive and healthy (i.e., vital) or whether it is viable but diseased.24,27,28 Furthermore, because of the possibility of false-positive or -negative responses, this test must always be used in association with other pulp tests or to corroborate what other tests have indicated.


[image: ]

[image: ] 4.34 SybronEndo electric pulp tester.



Many factors affect the level of response: enamel thickness, probe placement on the tooth,29,30 dentin calcification, interfering restorative materials, and the patient level of anxiety.

A very reliable and easy-to-use device is the digital one named Diagnostic and produced by SybronEndo (formerly known as Analytic) ([image: ] 4.34), which has various advantages as compared to similar instruments.27,31-35 It is battery operated and thus easily portable from one operatory to another without requiring an electrical outlet. Once dental contact is made using a conductive gel (tooth paste), the intensity of the current increases, always starting at zero current; thus, there is no danger of shocking the patient, which would provoke a sudden and unexpected pain. The current automatically increases without advancing any manual rheostat. Even the contact is automatically established, so that it is not necessary to turn on any switches. The rate of increase of the intensity of the current transmitted to the tooth can be regulated; thus, if the patient is anxious or if an early response is expected, one can set the switch to a minimal level. If the patient or the dentist’s hand moves involuntarily and causes loss of contact between the tip of the instrument and the tooth for a few seconds, the instrument resets and begins at the level at which the contact was lost as soon as contact is re-established. If contact is interrupted for several seconds, for example in the time required to pass from one tooth to another, the electric pulp tester automatically resets and starts again from zero, although on the digital read-out the value of the preceding measurement is still visible. At the end of use, the instrument turns itself off automatically, so there is no risk of discharging the batteries. When the batteries begin to lose their charge, a small illuminated signal appears between two numbers of the digital scale, so they can be promptly replaced.

The instrument’s scale ranges from 0 to 80, and the range in which the teeth generally respond is around 20 for the incisors and cuspids, 30 for the premolars and 40 for the molars.

As long as the instrument is functional, it is necessary to establish physical contact between the dentist and the patient, for example by touching the cheek with the hand (without gloves) holding the mirror used as a retractor, otherwise, the pulp tester will not function. If the dentist is wearing rubber gloves, as it should be, the patient must touch the metal portion of the instrument handle with their hand36-39 in order to complete the electric circuit ([image: ] 4.35). This is not necessary anymore if we use the new device “Diagnostic” where the lip clip is used to complete the circuit.

The teeth to be tested must be isolated with cotton rolls and dried. Contact between the tooth and the instrument tip must be established with a conductive gel ([image: ] 4.36). Toothpaste is acceptable, but it is better to use the appropriate gel provided by same manufacturer or even electrocardiogram gel. Like the other tests discussed above, this test also must first be performed on teeth known to be healthy, to make sure that the patient understands the response of a normal pulp and thus reduce their fear. If there are doubts about the responses that the patient gives, it is prudent to perform the test on the contralateral healthy tooth. Since the response is subjective and can vary slightly from one moment to another, the test must be repeated several times and the average recorded in the chart.


[image: ]

[image: ] 4.35 If the dentist wears rubber gloves when using an instrument which is not provided with the lip clip, contact must be established between the patient’s hand and the metal of the instrument handle.



The patient’s first sensation is a very faint one. It can be described as a slight tingling or a slight sensation of heat. At a certain point, if the instrument is left in contact with the tooth, the patient feels a pain that slowly becomes unbearable, but if at the first tingling the patient raises a hand, the dentist can interrupt the circuit and the patient will feel no more discomfort. If the dentist is wearing rubber gloves, it is enough for the patient to release the metal part of the probe to interrupt the circuit and thus the stimulus.

As for the thermal tests, the electric test must also be performed at the point at which the enamel, a poor conductor of electricity, is thinnest, since the sensitivity of the pulp-dentinal organ is being tested.

Nonetheless, the instrument tip must be applied at the cervical area, paying attention to avoid contact of the electrode or conductive paste with the gingival tissue or with any restoration, since that would cause a false response.

If there is periodontal disease with gingival recession, it can be applied to the exposed dentin, thereby eliciting a more rapid response.

In the teeth of elderly patients, there are sometimes false negative responses due to extensive pulp calcification. These teeth are frequently abraded on their occlusal surfaces, with exposed sclerotic dentin no longer covered by enamel. In such cases, one can perform the test by applying the instrument to the abraded surface, in such a way as to establish direct contact with the dentin, no longer mediated by the enamel.


[image: ]

[image: ] 4.36 The electric test is also performed where the enamel is thinner, with the interposition of a conductive gel, after the tooth has been dried and isolated with cotton rolls.



The electric test of pulp vitality must not be used in patients with pacemakers because of the potential interference.21

The responses that the electric test of pulp vitality provides are usually reliable, especially if they are obtained with a reliable instrument. Nonetheless, false readings can sometimes occur. One false-positive response occurs in the case of a necrotic pulp, a false-negative response in the case of a vital pulp.

Causes of false-positive responses:24

[image: ]Rather than touching the enamel at the cervical area, the electrode or the conductive paste touches the gingiva or a large amalgam filling, and the current is transmitted through the periodontal ligament.

[image: ]The patient is anxious and states that the shock is felt before the current has begun to flow.

[image: ]The tooth is not dry or well isolated.

[image: ]Liquefaction necrosis: the current is transmitted to the periodontal ligament through the fluid present in the root canal, but is felt only at the highest range. The patient may feel some tingling when the intensity of the current reaches about 60, but no increase of the tingling and no pain is felt if the instrument remains in contact until the highest range of the scale (80) is reached. The control test performed on the contralateral vital tooth establishes this diagnosis easily. In fact, the control tooth will give a normal response, while the tooth affected by a liquefaction necrosis will allow the clinician to arrive to the highest range of the scale and the patient will feel nothing more than just a light tingling. This is not the response of a “partially vital pulp”, but rather of a necrotic pulp.

Causes of false-negative responses:

[image: ]The patient is premedicated with a large quantity of analgesics, narcotics, alcohol, or tranquilizers.

[image: ]Contact with the enamel is inadequate, either because there is little conductive paste or because a composite restoration is being touched. In these cases, however, the electric tester does not even begin to work.

[image: ]The tooth has recently sustained trauma. In this case, the pulp nerve fibers are in shock and the normal response will not return for 30 to 60 days.40

[image: ]The canal is heavily calcified.

[image: ]The batteries are discharged or the device has not been turned on (but this also cannot occur with the Diagnostic instrument, since as already stated, it is easy to know when the batteries are about to discharge and nevertheless the instrument continues to function. Furthermore, there is no switch, since the device turns on automatically as soon as contact is established and the circuit is completed).

[image: ]The tooth is newly erupted and the apex is immature.

[image: ]There is partial necrosis: although the pulp is still partially vital, it may appear totally necrotic with the electric test.

This last circumstance may give rise to some doubts. How will a multi-rooted tooth with necrotic pulp in one canal and vital pulp in the others respond to the electric test? The answer to this question is quite simple if one keeps in mind two very important facts:

[image: ]diseases of the pulp proceed in a coronal-apical direction,40 while pathological processes begin in a pulp horn. From here the pathology that leads to pulp necrosis propagates to the pulp of the chamber and then to the pulp of the root canal;

[image: ]when the electric pulp test is performed, the pulp of the pulp chamber is actually being tested.

In this case, if the pulp of one canal is necrotic, all the overlying pulp – i.e., the pulp of the chamber – has also become necrotic. Consequently, the response of the tooth to the electric test will be negative and the tooth will therefore be considered to all effects a necrotic tooth: the opening of the access cavity and the cleaning and shaping of the necrotic root canal without any need for anesthesia. If, in beginning to treat the other canals, one discovers that the pulp there is still vital, then and only then does one resort to anesthesia.

There is only one case in which one can have a positive response to the electric test in a tooth like the one just described. This is the case in which the pulp cavity has a large calcification and the roof and floor are merged, so that the chamber is literally divided into two separate portions: one mesial or mesiobuccal, for example, and one distal or distopalatal.

In a case such as this ([image: ] 4.37), the electric pulp test performed on the distobuccal or palatal area will yield a positive response, while at the mesiobuccal it will give a negative response.



[image: ]

[image: ] 4.37 a) A sinus tract is present in the alveolar mucosa between the maxillary first and second molars. b) The gutta-percha cone introduced into the sinus tract reaches the mesiobuccal root, which has a periapical lesion. The electric test performed at the distobuccal root gave a positive response, while the responses were negative at the mesiobuccal. c) The access cavity has been made without anesthesia, and once the calcifications in the pulp chamber were removed one could appreciate the presence of vital, bleeding pulp both in the palatal and distobuccal canals. d) Without anesthesia, MB1 and MB2 have been cleaned and shaped, and then under anesthesia a pulpotomy has been performed at the orifice of the other canals. e) One week after the first visit, the sinus tract appears to be already closed and healing. f) With anesthesia, the palatal and distobuccal canals were then prepared. In a subsequent visit, they were filled along with the others.





If it is necessary to perform the electric test on a tooth covered by a full crown, it can be performed with the appropriate mini-tip by placing it between the border of the prosthesis and the gum. This technique, however, does not always yield precise responses, since it is inevitable that at least the conductive paste touches both the metallic border and the gingiva. Or, if it is still necessary, the electric test can be performed after the cavity test.

Cavity test

When the responses of the other tests are questionable or when it is not possible to perform them (e.g., because the teeth are completely covered by full crowns), one should proceed with this test, which is undoubtedly the most reliable of all and immediately erases any doubt.

The test is performed by preparing a small cavity on the occlusal surface of the posterior teeth or on the palatal and/or lingual surfaces of the anterior teeth, using a small round bur mounted on a highspeed handpiece, obviously without anesthesia. In this way, once the thickness of the prosthetic restoration, and possibly the enamel (if it has been left) has been removed, the bur will stimulate the dentin and the patient will experience a sudden but slight pain. This will confirm the vitality of the pulp ([image: ] 4.38).



[image: ]

[image: ] 4.38 a) A sinus tract between the mandibular first and second molars is present. b) The radiograph demonstrates the absence of periapical radiolucencies and the presence of weakly radiopaque fillings in the crowns of the two molars. c) The fillings have been removed to allow the cavity test and other tests to be performed directly on the exposed dentin. Both teeth gave positive responses. A gutta-percha cone was then introduced in the fistula that seems to indicate the distal root of the first molar as the culprit. d) Occlusal surface of the molars with temporary fillings after having performed the cavity test. Note the presence of the fistula and the partially impacted third molar. e) Healing of the fistula after extraction of the third molar in dysodontiasis.





If at this point there is enough space, for further confirmation the other tests, including the electric test, can be performed through the small opening. If the tests are positive, the cavity will be filled, just like any class I cavity.

If, instead, the bur continues until it reaches the pulp chamber without the patient feeling any symptoms, the suspicion that the pulp was necrotic was well founded. The small opening made to perform the cavity test can then be enlarged and transformed into an access cavity.

This test is particularly useful when there are lesions of dubious etiology (endodontic vs periodontal) on teeth with full crowns, as it will be described in the Chapter 31 on Endo-Perio Relationships.

Anesthesia test

In the rare situation in which all the tests discussed are inconclusive to establish the diagnosis, we can make recourse to the use of selective anesthesia. For instance, in the case in which the patient has diffuse hemifacial pain without any sign indicating one particular tooth or another, one may anesthetize one hemiarch and check whether after several minutes the pain resolves. If this occurs, the opposite hemiarch can be excluded. If, on the other hand, the pain persists, one must perform anesthesia singly on the teeth of the opposite arch, hoping to finally anesthetize the responsible tooth.

There are disagreements on the area which one should begin to anesthetize. Weine25 recommends beginning with the most mesial teeth, since the innervation of the palatal root of the posterior teeth arrives from the most posterior portions of the palate, through the greater palatine foramen, adjacent to the second molar. If the palatal injection were done here, the inflamed pulp of the palatal canal of any tooth anterior to the infiltration zone would be anesthetized.

Cohen,23 on the other hand, states that the anesthesia of maxillary teeth should start with the most distal.

According to the Author, as Bence also confirms,22 the anesthesia test cannot identify the tooth affected by pulp pathology, but can only indicate whether a zone is responsible for the pain.

To make the anesthesia test more selective, one can use an intraligamental injection, as Simon et al.41 and Littner et al.42 suggest, administering the anesthetic on the buccal side of each suspect tooth. If this type of anesthesia is performed correctly, the pain will resolve immediately. Littner et al.42 suggest not to perform such anesthesia in the interproximal zone, where usually the intraligamental anesthesia is recommended, since doing so one could anesthetize the adjacent tooth as well and the test would lose selectivity.

Transillumination

Transillumination with fiber optics ([image: ] 4.39) can be useful in the diagnosis of dental cracks or fractures. By illuminating the tooth laterally, a small dark line represents the crack. The best results are obtained after removal of preexisting dental restorations. The reader is referred to Chapters 9 for more information about the Cracked Tooth Syndrome.


[image: ]

[image: ] 4.39 a) Transillumination can be useful, for instance, to reveal a crack. b) Fiberoptics produced by Quality Aspirators (Duncanville, Texas). c) The Methylene blue shows the presence of a mesiodistal crack of the upper second premolar. d) Transillumination confirms the diagnosis.



Bite test

This test is indispensable for correct diagnosis of the cracked tooth syndrome. It is performed by making the patient bite a moist cotton roll with one pair of antagonists at a time ([image: ] 4.40). This maneuver provokes minimal displacement of the fragments, a stretching of the odontoblastic processes, and then a sensation of pain (see Cracked tooth syndrome in Chapter 9).


[image: ]

[image: ] 4.40 This test is used to demonstrate the presence of the cracked tooth syndrome.
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1 Fluctuance, from the Latin fluctuo, wave, refers to the wave-like movement of a liquid entrapped in a soft-walled space when light pressure is applied to one point of the wall, so that the finger applied at another point perceives a movement.13
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Chapter 5

Endodontic radiography



Arnaldo Castellucci

How X-rays were discovered

About the year 1871, various investigators were experimenting with vacuum tubes and the production of fluorescence: Michael Faraday, William Crookes, Heinrich Hertz, Philipp Lenard, all of them unconsciously produced X-rays in the course of their experiments on fluorescence. However, they were not recognized as such (to this radiations, Crookes gave the name of “cathode rays”), until 1895, when Professor Roengten startled the world with the announcement of his discovery to the Physico-Medical Society of Würzburg.

On the night of November 8, 1895, Wilhelm Konrad Roengten ([image: ] 5.1), Professor of Physics at the University of Wurzburg, Germany, while experimenting with a Crookes (vacuum discharge) tube ([image: ] 5.2) searching for invisible light rays, accidentally discovered the X-ray. As he was seeking invisible light rays he darkened the room and completely covered the Crookes tube with black paper. When the high tension current was sent through the tube, there was an immediate glowing of a barium platino-cyanide fluorescent screen which was lying on the table some distance from the tube ([image: ] 5.3). When objects were interposed between the tube and the screen, shadows were cast on the screen. Upon further experimentation with these radiations he found that they affected a photographic emulsion in the same manner as light does. Summarizing all of these experiments he arrived at the following conclusions:1

[image: ]The glowing Crookes tube had emitted a certain energy or radiation capable of penetrating opaque substances and acting upon a sensitized plate.

[image: ]The energy thus emitted also caused a fluorescent screen to glow.

Roengten quickly discovered the potentiality of the new radiation in medicine when he placed his hand between the tube and a piece of cardboard coated with barium platino-cyanide. Imagine his excitement on seeing the bones of his hand ([image: ] 5.4) depicted on this, the first fluoroscopic screen!

From numerous experiments he concluded that this radiation was quite different from the cathode rays of Crookes, Hertz, or Lenard. Being unable to determine their exact nature, Roentgen gave to this invisible, penetrating radiation the name “unknown” or “X” rays because the letter “X” represents the unknown in mathematical formula.1-3

In no other branch of dentistry does radiology play such an important role as in Endodontics. The discovery of X-rays by Wilhelm Conrad Roentgen in 1895 had such a profound impact on the entire medical world that it has come to be considered one of the most revolutionary achievements in the history of medical science.


[image: ]

[image: ] 5.1 Wilhelm Conrad Roentgen.
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[image: ] 5.2 a) William Crookes. b) Crookes tube - Museo della Scienza e della Tecnologia “Leonardo da Vinci”, Milano.




[image: ]

[image: ] 5.3 Machine used by Roengten in 1895 to discover X-rays. Munchen, Deutsches Museum.




[image: ]

[image: ] 5.4 The first X-ray image obtained by Roengten in 1895.




[image: ]

[image: ] 5.5 One of the first tubes used at the turn of the century to produce X-rays - Museo della Scienza e della Tecnologia “Leonardo da Vinci”, Milano.



In the field of dentistry, Endodontics is surely the branch that has benefited most from this discovery, not only because of continual technical and technological improvements,4 but mainly because the use of X-rays has brought dentists “out of the dark”, allowing them to visualize areas not accessible by other diagnostic means.

Prior to this important date, dentists could only “attempt”, with greater or lesser success, to reach a diagnosis and implement a therapeutic approach to endodontic problems.

The advent of the first oral radiography equipment ([image: ] 5.5) permitted visualization for the first time of the changes that occur in the bone surrounding the apices of non-vital teeth, as well as the results of endodontic therapy.

In this way, Endodontics ceased to be simply an empirical pursuit; from that moment on, it became a scientific discipline.5

Today, the X-ray machine must be included among the dental equipment, especially in an endodontic practice. Having to work on the root canals of a patient without the help of this essential diagnostic apparatus is inconceivable.

In this chapter, we will discuss several fundamental principles of oral radiology. We will analyze the correct techniques of obtaining, developing and interpretating radiographs in Endodontics. We will not discuss the physical principles of ionizing radiation in detail, nor will we describe the biological effects of radiation itself; for a discussion of these topics, the reader is referred to the numerous radiology textbooks.

Basic principles of radiology

X-rays are electromagnetic radiations. They have the same nature as visible light rays; like them, X-rays travel in a straight line until they are either absorbed or deflected. In contrast to visible light, however, they are not perceptible to the eye because of their short wavelength (10-10 to 10-6 cm).6 Differences among the various types of electromagnetic radiation depend upon their wavelength. Starting with the longest wavelengths, electromagnetic radiation includes:

[image: ]electric waves;

[image: ]radio, television, and radar waves;

[image: ]infrared rays;

[image: ]visible light rays;

[image: ]ultraviolet rays;

[image: ]X-rays;

[image: ]gamma rays.

Depending on its wavelength, which is measured in Ångström units (Å), electromagnetic radiation has variable capacity to pass through solid bodies. Rays with longer wavelengths have poor penetrating power. In contrast, those with shorter wavelengths, beginning with ultraviolet light, have increasing penetrating power. The wavelength of the X-rays used in oral radiography vary from 0.8 to 0.1 Å; thus, their penetrating power is greater than that of ultraviolet rays.7

Apart from the radiation’s wavelength, the penetrating power depends on the atomic mass (density) of the object penetrated. Low-density objects are almost completely penetrated, while higher-density objects are penetrated to a lesser extent. Lead does not allow X-rays to pass at all; therefore, it is an optimal protective material against the harmful effects of X-rays.

If one examines X-rays passing through an object, one finds that a portion of them have been absorbed by the object, which therefore projects a “shadow”, like an opaque body struck by a beam of light.

Just as bodies of varying opacity hit by light rays throw different shadows depending on their capacity to be traversed by luminous radiation, bodies of variable density struck by X-rays throw different shadows depending on their capacity to be penetrated by these electromagnetic radiations.

Because less dense bodies (e.g., soft tissues) are traversed to a greater degree, they throw lighter shadows, while denser bodies (e.g., bone) are traversed less and draw more radiation, for which reason they throw darker shadows. One must keep in mind, however, that because the radiographic image is a negative, the shadows appear to be reversed: soft tissues appear dark, while bone appears light.

In conclusion, the images produced by radiography represent the shadows that bodies of different densities project onto a film when placed in the X-ray’s path.

Furthermore, a radiograph is a two-dimensional representation of three-dimensional structures. In other words, it is a fictitious image and never a real image8 with all the consequences this implies. This is an extremely important concept that must never be forgotten.

In radiology, shadows corresponding to different anatomical structures situated on different planes are superimposed, with the consequent phenomena of summation and cancellation (e.g., one radiopaque body superimposed on a radiolucent one can hide the latter). Furthermore, like all shadows, radiographic images also are deformed to a certain degree with respect to the true dimensions of the body under examination. This deformation will be exaggerated more or less, according to the radiologic technique employed. The dentist must keep these factors in consideration during clinical practice.

Principles of X-ray formation

X-rays are produced when electrons, accelerated by a high potential of tens of thousands of volts (or tens of kilovolts), strike a target at high speed ([image: ] 5.6). To produce X-rays, the following are also required:

[image: ]source of electrons;

[image: ]high voltage to accelerate the electrons;

[image: ]target that once hit by these electrons becomes the source of this radiation.

SOURCE OF ELECTRONS

The source is a tungsten filament (the cathode or negative electrode), which is enclosed within a glass-walled vacuum tube together with the anode (positive electrode). When an electrical current passes through the filament, heat is created and a “cloud” of electrons is produced. The electrons are reflected and directed toward the anode so as to strike the target. The number of electrons emitted by the element is measured in milliamperes, the Ampere being the unit of measurement of the intensity of the current, that is of the displacement of electrons.

HIGH VOLTAGE

Since they have a negative charge, the electrons emitted by the filament are attracted to the anode, which has the opposite charge. The greater the anode’s positive charge, the more electrons travel toward it. Therefore, when a high voltage is established in the tube and the anode becomes strongly positive, the potential difference between the cathode and anode, (between the filament and target), increases at the same time; thus, the electrons are accelerated. High voltage is provided by a transformer that carries the current from 110 volts to a range of 60,000 to 90,000 volts (from 60 to 90 kilovolts or kVp).


[image: ]

[image: ] 5.6 Schematic diagram of a radiographic tube.



THE TARGET

On the external surface of the anode, there is a small disc of tungsten, a metal that produces X-rays relatively efficiently and supports high temperatures without melting. The electrons, which are accelerated by the very large potential difference between the anode and filament, strike the target at an extremely high speed. As a result of this electron bombardment, the target surface emits X-rays. The anode is usually made of copper, to allow better dispersion of heat, which is created by the electrons at the target site. Only one per cent of the energy of the electron beam that strikes the target is transformed into X-rays. Ninety-nine per cent of the energy is transformed into heat, which the copper anode dissipates in the air, oil, or gas contained in the X-ray machine. The angulation of the target is very important, since it determines the size of the radiographic source (focal spot). It will be shown later that the more pointed the source the more defined the radiographic image and the sharper its margins ([image: ] 5.7).


[image: ]

[image: ] 5.7 Because the target is angulated, the radiographic source is much smaller than the real size and closer to the ideal size: punctiform.



The quality of the radiograph

The radiographic image is a graphic representation of the internal structures of an object placed in the path of the X-ray beam.

The principal aim of the radiographic examination is to obtain maximum differentiation of tissues on the film.7 This differentiation is achieved only when the film has certain degrees of the following four qualities, which determine the radiograph’s visual and diagnostic qualities:

[image: ]Detail is provided by sharp, well-defined borders in all the images of the radiograph (see the concepts of “umbra” and “penumbra” at [image: ] 5.15).

[image: ]Density is the degree of blackening of the film and the amount of light transmitted through it.

[image: ]Contrast consists of the difference between black, white, and the various shades of gray on adjacent areas of the same film.

[image: ]Distortion causes changes in the size and shape of the radiographed object.

Factors controlling the X-ray beam

The X-rays emitted by the generating tube can be modified by the operator, depending on the needs of a given case.

This can be accomplished by:7

[image: ]altering the conditions of tube operation:

[image: ]kilovoltage (kVp);

[image: ]exposure time;

[image: ]milliamperage (mA);

[image: ]manipulating the beam produced by the tube with:

[image: ]filter;

[image: ]collimator;

[image: ]changes in the target-object distance.

Kilovoltage

As already emphasized, this represents the potential difference between the cathode and anode, between the filament and the target. Increasing the kilovoltage increases the energy of each electron at the moment it strikes the target. This leads to increased efficiency of conversion of electron energy into X-ray photons, since there is an increase of both the number of photons generated, the mean energy of the photons and the maximum energy of these photons. High-energy photons (i.e., short wavelength) have a greater capacity to penetrate bodies, while photons of relatively low energy have a greater probability of being absorbed. In conclusion, higher kilovoltage produces an X-ray beam with higher energy and thus a greater capacity to penetrate bodies.

Keeping the exposure time and milliamperage constant, a radiograph taken with low kilovoltage will show high contrast, since the number of densities that comprise the image is relatively scarce on account of the poor penetrating power of the X-ray beam. This is also known as “short-scale contrast”, since the densities are very limited and pass abruptly from white to black, with little gray ([image: ] 5.8).

On the other hand, a radiograph taken with high kilovoltage will show low contrast, since the number of densities that comprise the image are increased, owing to the greater penetrating power of the X-ray beam. This is known as “long-scale contrast”, since there are different densities in large numbers on the film, resulting in a more gradual passage from white to black, through a vast range of gray ([image: ] 5.9).

This increased density can be detrimental to the aesthetic quality of the image, but on the other hand it may reveal important information which the aesthetically more pleasing radiograph with greater contrast cannot provide.9 Dental radiographs are usually produced with kilovoltages ranging from 65 to 90 kVp.

Some X-ray machines for dental use allow changes of kilovoltage ([image: ] 5.10), but in most of them the kilovoltage is fixed. Nonetheless, if one has to choose among machines of different kilovoltages, it is better to choose those with higher values.



[image: ]

[image: ] 5.8 a) Radiograph performed at 50 kVp. Note the image contrast. b) Short-scale contrast, typical of radiographs performed at low kilovoltage.




[image: ]

[image: ] 5.9 a) Radiograph performed at 90 kVp. Note the lesser contrast as compared with the radiograph in the preceding figure. b) Long-scale contrast, typical of radiographs performed at high kilovoltage.




[image: ]

[image: ] 5.10 Using the X-ray machine Planmeca (a), the operator can vary the kilovoltage, between 60 (b) and 70 (c) kVp.




Exposure time

If the exposure time is doubled, while the milliamperage and kilovoltage are kept constant, the number of photons originated is also doubled; however, their energy remains unvaried. Therefore, in varying the exposure time, one simply varies the exposure quantity, which is to say the number of photons generated.

If one compares two radiographs taken with fixed milliamperage and kilovoltage, but varied exposure times, one notes that the radiograph taken with a longer exposure time is denser and appears darker, like the negative of an overexposed photograph ([image: ] 5.11).

Milliamperage

The quantity of electrons emitted from the filament within the generating tube and striking the target is measured in milliamperes. It can be compared to the amount of water that passes through a tube. The ampere is a unit of measure of electron flow; a milliampere (mA) corresponds to 1/1000 of an ampere. Increasing the flow of electrons increases the flow of X-rays, resulting in increased radiographic density. If one compares two radiographs taken with fixed exposure times and kilovoltage, varying only the milliamperage, the film taken with a higher milliamperage will be denser, thus appearing darker.


[image: ]

[image: ] 5.11 a) Radiograph performed with a long exposure time: it is dark because of overexposure. b) Radiograph of the same area, performed with the proper exposure time.



Since exposure time and milliamperage both influence the radiographic density, they can be combined as a single factor known as milliampere-seconds (mAs).

In other words, radiographs of the same density can be obtained either by shortening the exposure time or increasing the milliamperage.

For example:

[image: ]

From this table, it is obvious that a high milliamperage is preferable to reduce the exposure time and thus to limit the patient’s exposure to ionizing radiations.

Filter

The target struck by electrons emits X-rays of different wavelengths and thus different energies. Those with higher energy, which are capable of penetrating anatomical structures, are useful for radiologic diagnosis. Those with less penetrating power (long wavelengths) contribute to the patient’s radiation exposure without giving any useful radiographic information. It is therefore obvious that, for the sake of patient safety, X-rays with less penetrating power and low diagnostic benefit must be eliminated from the beam. This can be achieved to some extent by interposing an aluminum filter in the path of the beam10 ([image: ] 5.12).


[image: ]

[image: ] 5.12 a) The aluminum filter interposed in the X-ray path impedes the soft rays with long wavelength and low penetrating power, which are useless and damaging. b) Disassembling the long tube, the aluminum filter is visible in the exit portal of the X-rays.



Collimator

When an X-ray beam penetrates the patient’s tissues, some of the photons pass through and continue until they encounter the film on which the images are formed. Other photons which are absorbed by the tissues in turn generate a scattered radiation, which disperses in all directions. The scattered radiation that travel in the same direction as the original beam participate in the formation of the image on the film and therefore can have a certain diagnostic utility. The others, however, which travel in other directions yet can also reach the film, not only do not provide any useful information, but indeed cause deterioration of the image quality, causing a certain fogging or indistinctness.

It is therefore obvious that it is necessary to reduce to a minimum the formation of secondary diffuse radiation and block them from reaching the film, with the aim of eliminating their damaging effect on image formation as much as possible.

This can be achieved with the use of a collimator ([image: ] 5.13).


[image: ]

[image: ] 5.13 a) The collimator reduces the diameter of the X-ray beam, thus diminishing the volume of the tissues irradiated and thus the production of secondary, useless, and damaging radiation. b) The metallic tube visible within the long tube collimates the X-ray beam.



Collimating the X-rays reduces the formation of scattered radiation. It is achieved by interposing a radiopaque barrier containing an aperture in the X-ray path.

The collimator, comprising a ring of highly absorptive material (lead) reduces the size of the X-ray beam (6 cm in diameter, see [image: ] 5.99) and thus the volume of the irradiated tissues, from which the diffuse radiation originates.

The collimator thus reduces the exposure of the patient to ionizing radiations and improves the film quality.

Target-object distance

The intensity of a beam of X-rays at a certain point (measured in number of photons × cross-sectional area × unit of time) depends on the distance from the radiographic source.10

X-rays, like visible radiation, obey the inverse square law: for a given beam, the intensity is inversely proportional to the square of the distance from the source ([image: ] 5.14).

If the distance between the X-ray source and object is doubled, the intensity of the radiation must be quadrupled; conversely, if the distance is halved, the intensity must be reduced to one-quarter.11


[image: ]

[image: ] 5.14 The intensity of an X-ray beam is inversely proportional to the square of the distance.



Changes in distance between the radiogenic source and patient therefore have a great effect on the intensity of the X-ray beam. If the patient’s exposure must be kept constant, changes in this distance require corresponding changes in kilovoltage (kVp) or milliampere-seconds (mAs).10

Basic principles of image formation

As already stated, the radiograph is a two-dimensional representation of a three-dimensional structure. Therefore, to get the greatest amount of information, one must examine one or more two-dimensional images in order to reconstruct mentally a three-dimensional image of the anatomic structures of interest. Obviously, that can be done only if the radiographs have been taken correctly.

One must understand certain principles of projection geometry, which regulate the formation of images to obtain well-defined radiographs, which are neither enlarged or distorted. It will be seen that the size and position of the focal spot, relative to the object and film, are important in determining the image clarity (sharpness and contrast), image magnification, and image distortion.

Image sharpness

“Sharpness” refers to the degree to which the smallest details of an object are reproduced on the radiograph. More specifically, it refers to the degree to which the boundary line between two zones of different density is well defined.10

Strictly related to this is the resolution, which refers to the extent to which it is possible to distinguish two small nearby objects as separate.

Sharpness and resolution are distinct but interdependent, since both qualities are influenced by the same parameters.

To explain these concepts, a light source, an object, and its shadow will be considered.

Consider the shadow of a human figure that is projected onto a wall when the sun is setting. In this case, the light source is so far as to be considered punctiform; thus the shadow that the figure projects on the wall is well-defined, without blurring. Since the light source is far away from the figure, which in contrast is extremely close to the wall, the projected shadow is the same size as the human figure and thus is neither enlarged nor distorted.

If, on the other hand, one considers the shadow that the same figure projects onto the same wall at the same distance when it is illuminated by a neon light placed only a few meters away, there is a great difference.

First of all, it lacks defined limits and is very blurred, since there is a gradual passage from the black areas in the shadow to the clear zones in plain light, with an entire range of gray, typical of the zones in “mid light”.

Furthermore, the size of the shadow is quite different from that of the original figure, since the shadow appears enlarged.

When a radiograph is taken, exactly the same considerations apply.

Since the radiographic source is not punctiform but, however small, still represented by a surface, each of its points will emit rays. Thus, the radiographed object will be struck by beams originating from different angles. The result will be a “shadow” without defined borders, but surrounded by blurred borders (the so-called “penumbra”) ([image: ] 5.15). The shadow zone is that area which does not receive “light” from any of the points of the radiographic source. The zone of the penumbra is that which does not receive “light” from some parts, but receives it from others. This causes a loss of image clarity, reducing the sharpness and resolution.


[image: ]

[image: ] 5.15 The shadow zone receives no radiation from the points of the radiographic source. The penumbra zone receives radiation from some points, but not from others.



To reduce these drawbacks as much as possible, three factors must be modified:

[image: ]the size of the focal spot. Just as the sun, which can be considered a “punctiform” light source, generates defined shadows, thus by making the radiographic source (i.e., the size of the target within the tube) as small as practical, one obtains radiographic images that are increasingly sharp and high in resolution ([image: ] 5.16);

[image: ]the distance between the focal spot and the object. By moving the radiographic source away, the angle of the cone of rays is reduced. Hence, the zone of the penumbra is reduced, with an increase of sharpness and resolution ([image: ] 5.17). Furthermore, moving the radiographic source away also leads to another advantage, that is to a lesser enlargement of the shadow with respect to the object’s actual size, this being due to the fact that the rays that strike the object from far away are more parallel to each other. In practice, the increase of the distance between the focal spot and the object is achieved with the use of a long cone;

[image: ]distance between object and film. Bringing the film close to the object is equivalent to increasing the distance between the focal spot and the object. The results are exactly the same: an increase of sharpness and resolution by diminution of the “penumbra” zone and lesser enlargement of the shadow with respect to the real size of the object ([image: ] 5.18).

Several practical suggestions may be deduced. Obviously, one cannot reduce the size of the target within the tube to allow one to take advantage of a smaller radiographic source; on the other hand, manufacturers are oriented toward the use of small targets, compatible with their capacity to dissipate heat. Furthermore, the use of X-ray machines with high kilovoltage and low milliamperage implies the use of a beam of electrons focused on a small focal spot.11 One aspect, in contrast, in which the radiologist can intervene is the focal spot-to-object and object-to-film distance. The use of a long cone is recommended, as is positioning of the film (anatomic conditions permitting) as close as possible to the zone or teeth being radiographed.



[image: ]

[image: ] 5.16 a, b) Reducing the size of the radiographic source, the penumbra zone is also reduced, consequently increasing the sharpness and resolution.




[image: ]

[image: ] 5.17 a, b) Increasing the distance between the radiographic source and the object, the penumbra zone is reduced, with a consequent increase of sharpness and resolution, and the enlargement of the shadow with respect to the true size of the object is.




[image: ]

[image: ] 5.18 a, b) Reducing the distance between the object and the film, the penumbra zone is again reduced, with a consequent increase of sharpness and resolution, and the enlargement of the shadow with respect to the true size of the object is further reduced.





Image magnification

This reflects uniform enlargement of different parts of the same object, in other words an increase of the size of the image on the film as compared to the actual size of the object. This magnification is due to the divergent path of the photons that constitute the X-ray beam and that pass through a cone.

As already mentioned, to reduce this defect, it is necessary to increase the distance between the radiographic source and the object and to reduce the distance between the object and the film.

Once again, therefore, the use of a long cone is recommended (which implies the use of more parallel rays placed at the center of the conical X-rays beam), as is positioning of the film as close as possible to the tooth to be radiographed.

Image distortion

This is the result of unequal magnification of different parts of the same object.

This occurs when:

[image: ]the parts of the object are not all at the same distance from the radiographic source;

[image: ]the parts of the object are not all at the same distance from the film.

In the first case, the X-rays are perpendicular to the film, but not to the inclined object ([image: ] 5.19). A shortening of the radiographic image will result. This situation can be compared to the shadow that the human body projects onto the ground at noon on a clear summer day: the shadow is almost entirely beneath the body and thus is significantly shortened. In this case, the rays are parallel to each other and perpendicular to the ground, but the body is inclined with respect to them.

In the second case, the X-rays are perpendicular to the object, but not to the film, which is inclined. A lengthening of the radiographic image will result. This situation can be compared to the shadow the body projects onto the ground when it is illuminated by the setting sun: the shadow is significantly lengthened, as the ancient Etruscans had already noted ([image: ] 5.20).

To eliminate, or in any case minimize, such distortions, it is necessary to have parallelism as much as possible between the film and the long axis of the tooth to be radiographed, so that the X-rays are perpendicular to both. This, obviously, is always possible in the lower arch, but is quite difficult to achieve in the upper arch because of the presence of the palate.12


[image: ]

[image: ] 5.19 If the X-rays are perpendicular to the object but not the film, the radiographic image will be elongated. If, instead, the X-rays are perpendicular to the film, but not the object, the radiographic image will be shortened.




[image: ]

[image: ] 5.20 Etruscan statuette representing the evening shadow.



Intraoral radiographic techniques

The most frequently used endoral radiographic techniques are:

[image: ]the short cone and bisecting angle technique;

[image: ]the long cone and paralleling technique.

Bisecting angle technique

This technique, described at the turn of the century by Price13 and Cieszynski,14 is based on the principle of positioning the film as close as possible to the lingual surface of the tooth, without causing deformation of the film. In this way, there will be no parallelism between the plane of the film and the long axis of the tooth, and the rays not being able to be directed perpendicularly to both planes, are directed perpendicular to an imaginary plane in the middle (in such a way that they reach an acceptable compromise), which is represented by the bisector of the angle formed by the two named planes ([image: ] 5.21).

With this technique, the coronal portion of the tooth is close to the film or actually in contact with it, while the apex is situated at a considerable distance. A distortion therefore results that will be more accentuated at the apical end of the root. This is especially true in the case of teeth of the maxilla and anterior mandible.

Furthermore, if the X-ray beam, rather than being directed perpendicularly to the bisecting angle, is perpendicular to the plane of the film, the image of the tooth will appear shortened ([image: ] 5.22). If, on the other hand, it is perpendicular to the long axis of the tooth, the image will appear elongated ([image: ] 5.23).

For this reason, when a radiograph is taken in the zone of the upper second molars using the bisecting angle technique the radiographic images show molars with elongated palatal roots and shortened vestibular roots ([image: ] 5.24).

Furthermore, the zygomatic process of the maxillary bone is projected above the apical zone, blocking a clear view of this area ([image: ] 5.25).

In recent years, the short cone and bisecting angle technique has been used less commonly in periapical radiology, while the long cone and paralleling technique is increasingly used.


[image: ]

[image: ] 5.21 Principle of the bisecting rule.




[image: ]

[image: ] 5.22 If the X-ray beam is oriented perpendicularly to the plane of the film, the radiographic image will be shortened.




[image: ]

[image: ] 5.23 If the X-ray beam is oriented perpendicularly to the long axis of the tooth, the radiographic image will be elongated.




[image: ]

[image: ] 5.24 a) The bisecting angle technique applied to the region of the upper molars yields images with elongated palatal roots and shortened buccal roots. b) Applying the bisecting angle technique, the X-rays are perpendicular to the long axis of the palatal root, but not to the plane of the film and are furthermore angulated with respect to the long axis of the buccal roots. Furthermore, the zygomatic process of the maxillary bone is very often superimposed on the apices.




[image: ]

[image: ] 5.25 The zygomatic process of the maxillary bone produces the white concave radiopacity directed upward which very frequently is superimposed radiographically on the apices of the roots of the upper molars.



Paralleling technique

Described by Fitzgerald15,16 toward the end of the 1940s, this technique was realized by the introduction of higher energy X-ray generators and the advent of more “rapid”, sensitive films. This technique is based on the principle of placing the film parallel to the long axis of the tooth. By directing the rays perpendicularly to this axis (more easily verifiable as compared to searching for the perpendicular to the bisector), automatically they will also be perpendicular to the plane of the film ([image: ] 5.26).

While it is relatively easy to achieve such parallelism in the lower arch by maintaining good contact between the teeth and the film (so as to avoid image magnification), it cannot be obtained in the upper arch without positioning the film away from the teeth, that is without positioning it toward the middle of the oral cavity, as is frequently necessary. Although this maintains the parallelism between the axis of the tooth and the plane of the film, the result is some image magnification and loss of definition by increasing the penumbra.

To reduce these undesired effects, it is imperative to use the long cone, which permits an increase of the distance between the radiographic source and the object, with the consequent use of more parallel rays (giving the technique its name), which causes less distortion in terms of magnification, as well as increased image sharpness and resolution.

The use of the long cone and therefore moving the radiographic source away would, however, lead to another undesired consequence: the need to increase the exposure time to retain the same degree of density and contrast. Because the intensity of an X-ray beam is inversely proportional to the square of the distance, an increase of the distance must be followed by either an increase of milliampere-seconds and thus an increase of the exposure time or, preferably, an increase of the kilovoltage.


[image: ]

[image: ] 5.26 Principle of the long cone and paralleling technique.



These drawbacks are obviated by the use of high kilovoltage X-ray units and “rapid”, that is, more sensitive, films, which need less exposure time to be adequately exposed (comparable in the photographic field to higher sensitivity films and higher ASA, which are suited to environments with little light).

The moderate distortion that occurs with this technique and which derives from positioning the film away from the tooth, differs from the sort of distortion that occurs using the bisector rule: in the latter, there is distortion of shape, so that the tooth appears elongated or shortened, especially apically, where the film is far from the tooth. If, instead, the long cone and paralleling technique is used, the distortion affects the size, causing the entire tooth to appear slightly enlarged. According to Vande Voorde and Bjorndahl,17 magnification is in the order of 1.054×, that is, 5.4%. The magnification factor is easily calculated by dividing the distance D1 (radiographic source-to-film) by the distance D2 (radiographic source-to-object):

E (Enlargement)= D1/D2.

It is therefore a uniform deformation that does not alter the relationships between the various anatomical structures ([image: ] 5.27).


[image: ]

[image: ] 5.27 The same quadrant of Figure 5.24a has been radiographed with the paralleling technique. Note the disappearance of the shadow of the zygomatic process of the maxillary bone and the proper dimensional relationships between the buccal and the palatal roots.



The proper application of this technique requires the use of appropriate film holders ([image: ] 5.28) that allow the film to be properly positioned in the patient’s mouth, thereby achieving the desired parallelism. Such film holders make the technique easy to learn and perform; moreover, they allow standardization: it is possible to obtain nearly identical radiographs with constant angulation on different occasions, a fundamental requirement for comparing postoperative radiographs with those performed later ([image: ] 5.29)


[image: ]

[image: ] 5.28 Rinn’s film holders, for the proper application of the principle of the long cone and paralleling technique.



[image: ] 5.1 The two techniques compared








	Bisecting angle technique

	Parallel ray technique




	•Details obscured by large penumbra

	•Sharp details because of small penumbra




	•Superimposition of zygomatic process

	•Control of the shadow of the zygomatic process




	•Image shape distortion

	•Slight image size distorsion




	•Distortion greater in apical zone

	•Distortion equal throughout the entire image




	•Anatomical relationships altered

	•Correct anatomical relationships




	•Crown-root ratio not preserved

	•Crown-root ratio preserved




	•Poor image standardization and reproducibility

	•High image standardization and reproducibility






Despite the fact that the bisecting angle technique has been the most widely used in Endodontics, it is evident from Table 5.1 that most authors17-33 prefer the use of the paralleling technique.


[image: ]

[image: ] 5.29 a) Orthoradial radiograph. Note the radiolucency next to the mesial root. b) The off-angle radiograph is simulating the healing of the previous radiolucency. The radiograph b) has been taken only a few minutes after radiograph a). This is to demonstrate that if we do not use a standardized technique, it is not possible to take reliable recall radiographes.



Spatial localization: buccal object rule

As already stated, the radiograph is a two-dimensional representation of three dimensional structures and objects. In practice, it is nevertheless frequently necessary to extract three-dimensional information to allow better spatial localization of certain structures with respect to others.

The most frequently used and most easily performed method for obtaining such information is the “Buccal object rule”, which was described by Clark34 in 1910 and refined and amplified by Richards in 195335 and 1980.36 According to this rule, when a radiograph is performed at a certain angle, the object closer to the radiographic source – the buccal object – is displaced in the radiograph in the same direction as the X-ray beam. This rule, which is used to determine the relative buccal-lingual location of different structures of the oral cavity,37 is of fundamental importance in dentistry in general, but in Endodontics in particular, where it finds numerous practical applications ([image: ] 5.30).

[image: ]The first such application is recognizing the apex of the buccal root during endodontic treatment of a first upper premolar with two roots ([image: ] 5.31).

To determine from radiographic examination of a first upper premolar which of the two roots is the buccal and which the palatal, it suffices to know the angle of the X-ray beam and to examine the radiograph closely. If the radiograph has been done at a slight mesiodistal angle, the X-rays have been directed from mesial to distal; therefore, the buccal root (closer to the radiographic source as compared to the palatal, which is obviously farther) will appear in the radiograph to be displaced in the same direction as the X-ray beam, that is, distally. In other words, the buccal root will appear to be closer to the root of the second premolar, while the palatal root will appear closer to the root of the canine.

If this technique is standardized so that the upper premolars are always radiographed at a slight mesiodistal angle, the buccal roots will always appear to be distal, while the palatal roots will be mesial. Obviously, if the angle of the X-ray beam was reversed in a distomesial direction, the buccal root would appear close to the canine in the radiograph, while the palatal would appear close to the second premolar. Such displacements may not be so easily obtained in the radiograph if the tooth is unnaturally rotated around its own axis.

[image: ]The same rule also applies to the upper molar region, which many endodontists consider one of the most difficult zones to treat because of the difficulty of obtaining properly oriented radiographs that show the apices of the roots that require treatment without the superimposition of nearby anatomical structures.

In the case of upper molars, especially if their roots are not wide apart, radiographs frequently demonstrate the apices of the buccal roots to be superimposed on the palatal root ([image: ] 5.32).

For good visualization of the distobuccal root, the X-ray tube can be angled mesiodistally. In this way, the distobuccal root (buccal object with respect to the palatal root) is displaced distally and is therefore uncovered from the superimposed shadow of the palatal root, to lie in the space mesial to the mesiobuccal root of the second molar ([image: ] 5.33). When, once the preparation of the distobuccal canal has been completed and one continues to the mesiobuccal canals, it is necessary to change the angle, because if the same angle is maintained, the mesiobuccal root appears completely superimposed on the palatal root. Therefore, this time the X-ray angle will be distomesial, so that the root is displaced mesially and in the new radiograph it appears in the space immediately distal to the second premolar ([image: ] 5.34).


[image: ]

[image: ] 5.30 With an orthoradial projection (A), the two objects appear superimposed. With an oblique projection (B and C), the two objects cease to be superimposed and easily become recognizable when the angulation of the X-ray machine is known: the buccal object (the one closest to the radiographic source) is displaced in the same direction as the X-rays.





[image: ]

[image: ] 5.31 a) With the standard projection, the roots appear superimposed. b) Angling the X-ray machine in a mesiodistal direction, the buccal root appears close to the second premolar, while the palatal root appears close to the canine.




[image: ]

[image: ] 5.32 a) This radiograph demonstrates the apices of the buccal roots of the second molar superimposed on the palatal root. b) Path of the X-rays in a standard projection.




[image: ]

[image: ] 5.33 a) Angulation of the X-rays mesiodistally takes away the distobuccal root from the superimposition with the palatal root. b) Path of the X-rays in the mesiodistal projection.






[image: ]

[image: ] 5.34 a) Distomesial angulation reveals the mesiobuccal root not superimposed on the palatal root. b) Path of the X-rays in the distomesial projection.



[image: ]Another anatomical structure that can complicate treatment of the molars is the zygomatic process of the maxillary bone. This structure can be superimposed on the apices of the molar under treatment, making it difficult, if not impossible, to determine the working length of the instruments. In this case also, the application of Clark’s rule can be enormously helpful, as this structure is on a different plane (more buccal) with respect to the apices that we are treating.

In the case of the upper first molars, it is advisable that the shadow of this structure is displaced distally, angling the X-rays mesiodistally. This angle permits perfect visualization of the apices of the palatal root and of the distobuccal root ([image: ] 5.35).


[image: ]

[image: ] 5.35 Application of the buccal object rule in the upper first molar for visualization of each root. a) The shadow of the zygomatic process completely obscures the apex of the palatal root. b) The X-ray machine has been angled mesiodistally (to displace the shadow distally) and also slightly corono-apically (to displace the same shadow more apically). Note that the shadows of the wings of the clamp are closer together consequent to the latter angulation. c) Keeping the preceding radiographic angulation, the working length of the distobuccal canal is checked. d) The X-ray machine has been angled distomesially: the palatal and distobuccal roots appear superimposed, while the mesiobuccal root is visible in its entire length.





[image: ]

[image: ] 5.36 Application of the buccal object rule in the upper second molar. a) The zygomatic process completely hides the apex of the palatal root. b) The X-ray machine has been angled distomesially to mesially displace the shadow of the zygomatic process, which now appears superimposed on the apices of the first molar.




[image: ]

[image: ] 5.37 a) Access cavity of a right upper second molar. The tooth is slightly rotated counterclockwise: the more mesial orifice is the palatal canal; the root that appears radiographically between the other two is the mesiobuccal one. b) With a distomesial angulation (which causes the mesiobuccal root to be superimposed upon the palatal root), the apex of the palatal root is visible. c) The same angulation also reveals the distobuccal root. d) The displacement of the X-ray machine mesiodistally has distally displaced the mesiobuccal root which no longer appears superimposed on the palatal root, but is easily identifiable. e) Postoperative radiograph. Proceeding distomesially, the distobuccal, mesiobuccal, and palatal roots are identified.





In the case of the upper second molars, on the other hand, it is frequently necessary to displace the shadow of the zygomatic process mesially, angling the radiographic cone distomesially ([image: ] 5.36).

As already stated, the dentist must consider the possible natural rotation of the tooth around its own axis, which may require that the X-rays be angled in the exact opposite manner to that just described ([image: ] 5.37).

[image: ]Sometimes, even when the angle has been varied mesially or distally, it is not possible to eliminate the shadow of the zygomatic process, which continues to be superimposed on the apices of the molar.

In such cases, rather than vary the horizontal angulation by rotating the X-ray unit on its vertical axis, so as to direct the X-ray beam mesially or distally ([image: ] 5.38), the vertical angulation is varied by turning the unit around its horizontal axis, so as to direct the X-ray beam upward or downward ([image: ] 5.39).


[image: ]

[image: ] 5.38 Rotation of the X-ray machine around its vertical axis. a) Mesiodistal angulation. b) Distomesial angulation.




[image: ]

[image: ] 5.39 Rotation of the X-ray machine around its horizontal axis. a) Corono-apical angulation. b) Apico-coronal angulation.



More precisely, angling the X-ray machine apico-coronally with respect to the occlusal plane of the patient (apico-coronal angulation), one achieves displacement of the shadow of the zygomatic process inferiorly and the apex of the palatal root will finally be evident ([image: ] 5.40).

A radiolucency that appears above the apex of a tooth is not always on the same plane as that apex, and therefore is not always strictly related to it (see [image: ] 4.17a).

A second radiograph taken with a different angulation (see [image: ] 4.17b) can reveal, for example, that radiolucent zone is situated in a palatal position with respect to the apex of the tooth (which therefore responds normally to the vitality tests) and therefore that one is not dealing with a lesion of endodontic origin, but rather, for example, the incisive foramen.

If one were dealing with a lesion and therefore if the two structures were in contact, there would be no displacement of their images in the two radiographs.38,39

[image: ]Another clinical situation in which the application of the buccal object rule can be of use is the presence of a foreign body. A comparison of two radiographs taken at different angles can suggest the site (buccal or lingual) of the foreign body and thus the surgical approach for its removal ([image: ] 5.41).

[image: ]Before beginning an apicectomy in the zone of the lower molars, it is obviously important to know the relationship between the apex of the roots being treated and the course of the mandibular canal. Two radiographs differing in their vertical angulation confirm that the apices of interest are in a more buccal position with respect to the course of the mandibular canal ([image: ] 5.42).


[image: ]

[image: ] 5.40 a, b) No matter how much the mesiodistal angulation is varied, the apex of the palatal root is never visualized. c) With respect to the standard angulation dictated by Rinn’s film holders, the X-ray machine has been displaced apico-coronally, so as to displace the shadow of the zygomatic process more coronally. The apex of the palatal root is now visible. Note that only one wing (palatine) of the dam clamp is visible.




[image: ]

[image: ] 5.41 a) The patient claims to have been hit with shot. Therefore, the round, radiopaque image seen at the level of the apex of the distal root represents a hunting shot. b) A second radiograph with a mesiodistal angulation reveals that the shot is not in contact with the root apex, but is more buccal.




[image: ]

[image: ] 5.42 a) A metallic wire introduced into the dry mandible in the mandibular spine demonstrates the path of the mandibular canal. b) A second radiograph obtained with greater corono-apical angulation (supero-inferiorly) confirms the more lingual position of the mandibular canal with respect to the apices of the second and third molars.



[image: ]A radiolucency at the apex of a lower premolar can be due to the radiographic image of the mental foramen ([image: ] 5.43). The application of Clark’s rule provides information on the spatial relationships between the two anatomical structures. If in the distomesial radiograph the radiolucency loses contact with the apex of the premolar and migrates mesially, it surely represents the mental foramen.

[image: ]Furthermore, it is possible to determine whether a dental inclusion is buccal or palatal in location ([image: ] 5.44). This obviously allows the appropriate surgical approach. In the case of Figure 5.45, it was ascertained by application of the buccal object rule that the curve of the apical one third of the root of the upper right central incisor was directed in a buccal direction.

[image: ]Finally, in the case of Figure 5.46, the presence of a slight, palpable swelling at the level of the buccal fornix led to the suspicion of a buccal bone inclusion of a supernumerary tooth. Clark’s rule, however, confirmed that the unerupted tooth was lingual, and permitted the proper endodontic treatment on the necrotic second premolar.



[image: ]

[image: ] 5.43 a) The radiolucency at the apex of the lower second premolar could be diagnosed as a lesion of endodontic origin. b) A second radiograph taken with a different angulation (disto-mesial) confirms that the radiolucency is none other than the mental foramen. c) A third radiograph with increased corono-apical angulation confirms once again that the structure is more buccal with respect to the apex of the second premolar.




[image: ]

[image: ] 5.44 a) Radiograph of the unerupted upper left canine. b) A second radiograph taken with greater corono-apical angulation reveals that the canine is in palatal inclusion (note the diminished portion of the apex of the lateral incisor superimposed on the crown of the unerupted canine).




[image: ]

[image: ] 5.45 a) Preoperative radiograph of the upper right central incisor. The apical foramen rests on the same plane as the path of X-rays: it could be facing buccally or palatally. b) A second radiograph with a distomesial angulation reveals that the curve faces buccally. Endodontic therapy has been completed, keeping this angulation, which in this case also allows the visualization of the radiographic terminus of the canal. c) Postoperative radiograph. Note that only with this angulation does the small endodontic lesion at the level of the root apex become visible. d) Postoperative radiograph performed in standard projection. Note that the filling can seem short by almost 2 mm and the lesion already healed!




[image: ]

[image: ] 5.46 a) A supernumerary premolar hides the apex of the necrotic lower right second premolar, which is the cause of the slight buccal swelling of which the patient complained. b) A distomesial angulation confirms the lingual position of the supernumerary tooth and allows the complete visualization of the apex of the second premolar. An apico-coronal angulation has also been provided to inferiorly shift the shadow of the unerupted tooth. c) Postoperative radiograph with the same angulation. d) Postoperative radiograph with a standard angulation.





These are only some examples of the practical application of the buccal object rule, which can and must be applied each time the spatial location of two anatomical entities or structures, one buccal and the other lingual or palatal, must be determined: to which root does the image of a certain canal filling correspond? Is the broken instrument present in the lingual canal or in the buccal canal? One finally found one canal in the mesial root of a lower molar: is it in the mesiobuccal or mesiolingual canal? To which cusp on the preoperative radiograph must one refer to determine the working length of the instruments? The images are superimposed: what new angle must one give to the X-ray tube? Does the root lie in the maxillary sinus or is it buccal to it? A tooth is partially hidden by one wing of the dam clamp: is it the buccal or the palatal wing? The root has an inclined horizontal fracture: is it angulated buccally or lingually ([image: ] 5.47)?

Obviously, today the problem of the spatial location of two anatomical entities can easily be solved with a three-dimensional Cone Beam Computed Tomography (see Chapter 7).

Radiographic orientation

When reading a radiograph, one must first of all orient it properly. It is wrong to discuss a radiograph and interpret it without determining up, down, right, and left.

First of all, one must recall that radiographs must be examined in such a way that the teeth are oriented the same way as in the patient’s mouth: the observer must have the teeth of the right-sided quadrants to the left and those of the left-sided quadrants on the right. In this way, the images are in the anatomical position and have the same relationship with respect to the examiner as when he or she is facing the patient. The dentist can thus pass from examining the teeth to the radiographs without eye fatigue and without having to cross the midline with the gaze.10

To properly orientate radiographs, however, the dentist and the assistant who will later develop the film must observe a fundamental rule that must be applied from the moment in which the radiograph is positioned in the mouth. Each film, of whatever brand, has a small round impression (or “dot”) in one corner on the back of the wrapper ([image: ] 5.48).


[image: ]

[image: ] 5.47 a) Preoperative radiograph of a traumatized right upper central incisor. The root has a horizontal fracture. The radiograph simulates the presence of a lentil-shaped radicular fragment interposed in the fracture line. b) A second radiograph with greater apico-coronal angulation reveals that there are two and not three radicular fragments and that the fracture line is directed palatally.




[image: ]

[image: ] 5.48 On the reverse side of every radiograph there is a symbol (a black dot on Kodak DF 58, a circle on Kodak DF 57), which is useful for proper orientation of the film in the patient’s mouth (left). The symbol on the external part of the envelope corresponds to a concavity on one side (center) and therefore a convexity on the other side of the film (right), which is useful for positioning of the film clip in the darkroom and for right/left orientation.



The radiograph must be placed in the patient’s mouth in such a way that the dot is always in the occlusal position.

A small convexity on the film facing the anterior part of the radiograph – and thus the source of X-rays – corresponds to this mark.

The assistant who develops the radiograph in the dark room can identify this corner even in the dark because of this convexity, and the film holder will be placed there. In this way one avoids placement of the film holder on the apex of the tooth of interest, leaving a halo or a stain.

When the radiograph is later dried, it will be easy to orient it based on the position of the convexity: the radiograph must be read with the convexity facing the viewer, just as, within the wrapper, it faced the X-ray source.

This is the only way to know whether one is facing the right-sided or left-sided teeth.

Obviously, as already said before, this rule must be recognized by all the office personnel, first of all the dentist, then the assistants, especially the ones who develop and file the radiographs.

Endoral radiographic examinations

Preoperative or diagnostic radiographs

It is unthinkable to begin an endodontic treatment without having radiographed the tooth in question.

It is always necessary to perform a preoperative radiograph of the patient; from it, one can extract a considerable amount of information (see Chapter 4). Sometimes, it can even be useful to have several radiographs taken from different angles to better evaluate the situation.

The diagnostic quality of every radiograph must be optimal so that the operator may draw from it the greatest amount of information possible.

For this reason, each radiograph must include the entire area of interest. The apices of the teeth must be completely visible, and they must be at least 3 mm away from the border of the radiograph.40

If there is a lesion around the apex of a tooth, a radiograph that shows the entire lesion and some surrounding healthy bone must be obtained.10 If the periapical radiograph is not adequate, it will be necessary to resort to occlusal or extraoral radiographs ([image: ] 5.49).

Furthermore, the radiographs must have as little distortion as possible. This requires careful angulation of the X-ray tube and accurate positioning of the film in the patient’s mouth.

Finally, the radiographs must be developed, fixed, rinsed, and dried well to be free of stains, scratches, or other artefact that could occur as a result of mishandling ([image: ] 5.50).


[image: ]

[image: ] 5.49 In this case, in view of the lesion’s extensiveness, a panoramic radiograph was obtained to visualize the limits of the radiolucency.




[image: ]

[image: ] 5.50 The radiograph was not rinsed properly. At the level of the clip, there are large streaks of the fixer solution, evidently still present in the rinsing water.




[image: ]

[image: ] 5.51 Ultraspeed radiographs DF 57 cont ain two films inside the envelop.



It is suggested that the preoperative radiograph always be obtained using a special type of radiograph that contains two films per wrapper (e.g., Kodak’s Ultrarapid DF 57) ([image: ] 5.51), because the patient may ask for a copy of their radiograph. While it is true that the documentation regarding a patient must not leave the premises for fiscal or medicolegal reasons, the patient has all the reason to claim that the radiograph of their tooth be given to them, since they should feel free to ask for the opinions of other dentists without having to repeat the radiographs. Using double films, the problem is solved from the start.

The radiograph must then be positioned in the patient’s mouth in an optimal, stable, and reproducible manner. One must keep in mind that this radiograph will have to be compared with the postoperative film and to future radiographs, so that the technique must be as standardized as possible.

Numerous instruments for the intraoral positioning of radiographic films are on the market. The instruments of the Rinn Corporation, also called XCP (X-tension C-one P-aralleling) are particularly useful and easy to use. It goes without saying that positioning the radiograph with the patient’s finger ([image: ] 5.52), as was once suggested,2 should be avoided.20


[image: ]

[image: ] 5.52 a) Positioning of the film using the patient’s finger does not give reproducible results. (Taken from McCoy, 1923.) b) Schematic representation of the use of the film holder.



UPPER INCISORS

The film must be positioned deeply enough in the palate, so that the apices are included in the radiograph.

The midline of the radiograph must coincide with the midline of the dental arch. The plane of the film must be parallel to the long axis of the teeth. For this reason, the patient must bite the plastic support, holding the mandible in a slightly protruded position ([image: ] 5.53) to avoid improper positioning ([image: ] 5.54).

When the palate is particularly low, it is necessary to interpose a cotton roll between the plastic support and the incisal border of the upper incisors to maintain the parallelism between the radiograph and the tooth.

In the case of the lateral incisor, the tooth of interest must be centered in the radiograph, without superimposition of the adjacent teeth ([image: ] 5.55).


[image: ]

[image: ] 5.53 Preoperative radiograph of the upper central incisors with the use of Rinn’s film holder. a) Positioning of the film on the palate and path of the X-rays. b) Schematic representation of the use of the film holder. c) The mandible is slightly protruded to maintain the film holder in the correct position. d) Correctly performed radiograph.





[image: ]

[image: ] 5.54 a) The mandible is not protruded, the corner of the plastic support is outside the mouth, and the X-rays are perpendicular to the radiograph but not to the long axis of the tooth. b) A shortened image results.




[image: ]

[image: ] 5.55 Preoperative radiograph of the upper lateral incisor. a) Positioning of the film on the palate and path of the X-rays. b) The mandible is once again slightly protruded. c) Radiograph correctly performed: the lateral incisor must be in the center of the radiograph.





UPPER CANINE

Once again, one must make certain that the tooth is centered in the film in accordance with the parallelism rule ([image: ] 5.56). The radiograph must be positioned with its larger side parallel to the long axis of the tooth.


[image: ]

[image: ] 5.56 Preoperative radiograph of the upper canine. a) Positioning of the film on the palate and path of the X-rays. b) The mandible, still slightly protruded, keeps the film holder in position. c) Radiograph correctly performed.



UPPER PREMOLARS

The radiograph must be positioned in the palate far enough from the teeth being examined to allow the parallelism rule to be observed. The long axis of the film must be parallel to the occlusal plane. Because of the presence of the palate and the dental “arch,” the two premolars are centered with much difficulty in the radiograph, while it will almost always be mesially displaced.

In addition to the premolars, part of the canine, the first molar, and the mesial portion of the second molar will be visible in the same radiograph ([image: ] 5.57).


[image: ]

[image: ] 5.57 Preoperative radiograph of the upper premolars. a) The film must be positioned with its long side parallel to the occlusal plane. b) Schematic representation of the use of the film holder. c) Correct positioning of the film holder in the mouth. d) Correctly performed radiograph.



UPPER MOLARS

The superior margin of the film coincides with the midline of the palate and the lower margin is parallel to the occlusal plane.

The film will thus show the distal portion of the second premolar and all three molars, without the superimposition of the zygomatic process of the maxillary bone ([image: ] 5.58).

If the patient claims to have an easily stimulated gag reflex, one must take certain precautions.

The patient must be upright and not recumbent in the seat and must cooperate by breathing deeply through the nose or not breathing for a moment. The patient must also avoid oral respiration. The radiograph holder must be positioned in such a way as not to touch either the base of the tongue or the soft palate. In some cases, it is advisable to rest the plastic support on the opposing teeth and then ask the patient to close together quickly.

The X-ray tube should already have been positioned, so as to avoid any delays, and one must quickly leave the room to shoot the radiograph. Right then, every second counts.

Taking these precautions, one can obtain all the required radiographs, even in a patient with the most sensitive reflex.


[image: ]

[image: ] 5.58 Preoperative radiograph of the upper molars. a) The long side of the radiograph is aligned along the median line of the palate. b) Schematic representation of the use of the film holder. c) Correct positioning of the film holder in the mouth. d) Correctly performed radiograph.



LOWER INCISORS

The film must be oriented vertically and rather posteriorly, but not too much, so as not to interfere with the lingual frenulum. The patient must then close the teeth, biting the plastic support.

Obviously, the law of parallelism must always be respected. The lower incisor of interest must be centered in the film, since this guarantees the least distortion ([image: ] 5.59).


[image: ]

[image: ] 5.59 Preoperative radiograph of the lower incisors. a) The radiograph is positioned vertically. b) Schematic representation of the use of the film holder. c) Correct positioning of the film holder in the mouth. d) Correctly performed radiograph.



LOWER CANINE

The film must be positioned vertically with its long side parallel to the long axis of the tooth and the canine must be in the center of the radiograph. Respecting the presence of the frenulum and tongue, the film must be positioned in a considerably posterior position so as not to cause the patient pain in the floor of the mouth ([image: ] 5.60).


[image: ]

[image: ] 5.60 Preoperative radiograph of the lower canine. a) The radiograph is positioned vertically. b) Correct positioning of the film holder in the mouth. c) Correctly performed radiograph.



LOWER PREMOLARS

The radiograph must be positioned with its long side perpendicular to the long axis of the tooth. Its upper margin must be parallel to the occlusal plane.

Since the premolars are midway along the dental arch, they are difficult to center in the radiograph, which will reveal the distal aspect of the canine, the two premolars, the first molar, and the mesial portion of the second molar.

The radiograph must not be placed too close to the teeth, or else the patient will feel pain in the floor of the oral cavity ([image: ] 5.61).


[image: ]

[image: ] 5.61 Preoperative radiograph of the lower premolars. a) The long side of the radiograph is parallel to the occlusal plane. b) Schematic representation of the use of the film holder. c) Correct positioning of the film holder in the mouth. d) Correctly performed radiograph.



LOWER MOLARS

The radiograph must be positioned horizontally with the upper margin parallel to the occlusal plane. The plastic frame that contains the radiograph must find room between the tongue and teeth of the arch, so that it can descend into the lingual fornix without causing the patient any discomfort.

A patient who has an easily provoked gag reflex should be seated and asked to breathe deeply through the nose when the radiograph is introduced. Alternatively, the patient may be asked not to breathe for a moment.

If the patient, anticipating the gag reflex, uses the tongue to resist the introduction of the radiograph in the lingual fornix, the plastic support can be placed against the teeth of the upper arch while the patient bites down as he or she breathes through the nose. In this case, instead of one pushing the film down in the lingual fornix, it is the patient who raises the teeth and tongue alongside the radiograph and therefore the gag reflex will not be stimulated, nor will there be any pain in the floor of the mouth.

The distal portion of the second premolar and the three molars will be visible in the radiograph ([image: ] 5.62).


[image: ]

[image: ] 5.62 Preoperative radiograph of the lower molars. a) The radiograph is positioned horizontally. b) Schematic representation of the use of the film holder. c) Correct positioning of the film holder in the mouth. d) Correctly performed radiograph.



Intraoperative radiographs

The presence of the rubber dam, the metal clamp surrounding the tooth, and the instrument inside the canal preclude the intraoperative use of the standard film holders. However, other film holders are available today ([image: ] 5.63) which allow one to center the radiograph while using the rubber dam and having the instrument inside the root canal. The only “disadvantage” is that it is necessary to remove the frame of the rubber dam, but the quality of the images is much better, with less distortion and more respectful of the real dimensions of the anatomical structures represented ([image: ] 5.64).

As an alternative, the patient must hold the radiograph in position, trying to maitain as much as possible the optimal conditions of the film holder.

Once again, one must avoid positioning with the patient’s finger, as it frequently causes image distortion and complicates the dentist’s control of the correct alignment of the film. Rather, the radiograph must be placed within the oral cavity with hemostatic forceps, or even better still Steiglitz’s forceps ([image: ] 5.65), which are thinner and less cumbersome. The forceps may be held in place by the patient’s hand. However, this can be done only when using the traditional analogic films, but must be avoided when using digital film, because the forceps holding the film can ruin the phosphor, leaving their impression.


[image: ]

[image: ] 5.63 a-d) Film holder to be used with the rubber dam to center the film while taking the working length. This film holder requires the removal of the rubber dam frame. e, f) It is suggested to move the rubber dam sheet to avoid it superimposition over the radiographic image.





[image: ]

[image: ] 5.64 a-c) The film holder allows to maintain the same orientation of the radiographic machine from the preoperative, to the intra- and up to the postoperative radiograph, avoiding useless and dangerous distortions.




[image: ]

[image: ] 5.65 Steiglitz’s forceps is an optimal instrument to have the patient support the intraoperative radiographs under the rubber dam.





To assure the same intraoperative angulation as the preoperative radiograph, several tricks are necessary:

[image: ]Before performing the preoperative radiograph, the patient must be seated in precisely the same position in which the work is to be done. Once the preoperative radiograph has been obtained, the head and arm of the X-ray machine are moved away from the patient’s mouth without changing the horizontal or vertical angulation.

[image: ]If the patient arrives with his or her own preoperative radiographs done well or if the radiograph has already been done on a previous visit, the ideal angulation can be found simply by positioning the film holder again in the mouth without taking the radiograph. This only serves to give the radiographic cone the correct spatial orientation.

[image: ]The forceps with which the film is introduced below the dam must be placed by the dentist and held by the patient in a position as close as possible to that of the preoperative radiograph. Particularly in the upper arch, it must be at a certain distance from the tooth of interest (the presence of the wings of the dam clamp are helpful). The dot must be oriented towards the occlusal part; the occlusal border of the film must always be parallel to the occlusal plane.

Thus, one must be careful to observe the parallelism between the radiograph and the long axis of the tooth. The use of a light-colored dam helps with its trasparency in confirming the correct positioning.

However, as already stated, if the clinician is using the digital radiography and phosphor plates, these can easily be permanently damaged by the forceps, therefore it is highly suggested to remove the rubber dam frame and to use the specifically designed film holders.

UPPER INCISORS AND CANINES

The forceps are placed halfway along the short side of the radiograph and placed posteriorly in the palate. Shifting the dam slightly, it is possible to check the parallelism between the film and long axis of the tooth ([image: ] 5.66).

UPPER PREMOLARS

The forceps are placed at about 45° in the mesial angle. The radiograph is positioned horizontally in a slightly withdrawn position in the palate with respect to the teeth to be radiographed ([image: ] 5.67). One must keep in mind that if the cone is inclined in a mesiodistal direction, the palatal roots will appear mesial, while the buccal roots will appear distal.

UPPER MOLARS

Also in this case, the forceps are placed at 45° in the mesial angle and the film is positioned horizontally.

The upper margin of the film is placed along the median line of the palate, while the dam clamp separates it from the teeth ([image: ] 5.68).

If the patient fears that the gag reflex will be stimulated, one must take care not to touch the palate, especially the soft palate, nor the base of the tongue. It helps to place the radiograph on the wing of the clamp. The patient is then requested to close the mouth partially and to breathe deeply through the nose.10,41 Usually, it is not necessary to bring the patient back to the sitting position ([image: ] 5.2).


[image: ]

[image: ] 5.66 Intraoperative radiograph of the upper incisors and canines. a) Correct alignment of the film, parallel to the long axis of the tooth. b) The patient, using Steiglitz’s forceps, keeps the radiograph in the same position as the film holder.




[image: ]

[image: ] 5.67 Intraoperative radiograph of the upper premolars. a) The radiograph is held in place by the forceps at an angle of 45° in the mesial angle. b) The forceps are held by the patient with the contralateral hand.




[image: ]

[image: ] 5.68 Intraoperative radiograph of the upper molars. a) The long side of the radiograph is aligned along the median line of the palate. b) To keep the radiograph more firmly in position, the patient may hold the Steiglitz’s forceps against the lower incisors.



To prevent the metallic frame of the dam from projecting its shadow onto the radiograph ([image: ] 5.69), the dam is prophylactically placed in an asymmetric position with respect to the patient’s face, so that the vertical arm of the frame is shifted distally and does not interfere with the teeth under treatment. For more security, the metallic frame can also be rotated so as to drape over the patient’s nose ([image: ] 5.70).

[image: ] 5.2 Precautions for preventing or reducing the gag reflex during endoral radiography







	



	•The dentist must behave in a confident, decisive, and convincing manner.




	•The dentist must explain the procedure in such a way as to earn to patient’s trust.




	•The positioning of the film must be done in a gentle but quick and resolute manner. The radiograph must be taken immediately, without wasting time.




	•The patient is requested to swallow before positioning the film. This contributes to relaxing the tongue and causing it to lay down in the floor of the mouth.




	•The patient is asked to breathe deeply through the nose, since oral respiration favors the reflex.




	•In the most obstinate cases, the patient is asked to hold their breath.




	•The patient is asked to half-close the mouth.






One must further keep in mind the usefulness of the application of the buccal object rule to radiographically isolate the apices of the roots which interest us ([image: ] 5.71).

LOWER INCISORS AND CANINES

The forceps are placed on the short side of the film and plunged into the lingual fornix until the metal touches the neighboring teeth. This provides a point of support to the patient, who can thus easily keep the radiograph in the desired position ([image: ] 5.72).

LOWER PREMOLARS

The forceps are placed on the long side of the film and positioned so as to be perpendicular to the long axis of the teeth in question. To be certain of including the apices in the radiograph in addition to having a point of support, it is still necessary that the forceps rest against the opposing premolars ([image: ] 5.73).

LOWER MOLARS

Also in this case, the forceps are placed on the long side of the radiograph, which must be parallel to the occlusal plane. The radiograph must descend into the lingual fornix until the metal of Steiglitz’s forceps touches the incisive border of the lower incisors ([image: ] 5.74).


[image: ]

[image: ] 5.69 The cylindrical shadow to the left is caused by the metal frame in the path of the X-rays.




[image: ]

[image: ] 5.70 To avoid the radiographic superimposition of the metal frame of the rubber dam, one can turn the dam so that it drapes over the nose.




[image: ]

[image: ] 5.71 X-ray tube positioned to take intraoperative radiographs of the upper molars. a) Standard angulation. b) Mesiodistal angulation to show the distobuccal root. c) Distomesial angulation to show the mesiobuccal root.





[image: ]

[image: ] 5.72 Intraoperative radiograph of the lower incisors and canines. a) The film is clamped by its short side and held apart from the teeth so as not to have deformations. b) The forceps rest against the neighboring teeth for greater stability.




[image: ]

[image: ] 5.73 Intraoperative radiograph of the lower premolars. a) The film is positioned horizontally. b) The patient rests the forceps on the controlateral teeth.




[image: ]

[image: ] 5.74 Intraoperative radiograph of the lower molars. a) The radiographic film is positioned horizontally, with its long side parallel to the occlusal plane. b) The forceps are supported by the lower incisors for greater stability. Note the slight corono-apical angulation of the X-ray tube.





It is necessary to recall that the inclination of the various molars in the mandible is different and thus the inclination of the radiographic cone must also vary.

More precisely, passing from the first to the second and then the third molars, the crowns of the teeth are increasingly lingually displaced with respect to the apices, with a consequent lingual inclination of the long axis of the tooth. This inclination increases anteroposteriorly.

This means that to maintain the X-ray beam perpendicular to the tooth and to the plane of the radiograph, one must gradually incline the radiographic cone in an increasing rostrocaudal manner (corono-apical angulation) as one proceeds to treatment of the second and third molars ([image: ] 5.75, 5.76).


[image: ]

[image: ] 5.75 a) The X-ray beam must always be perpendicular to the long axis of the tooth and to the plane of the film, therefore the angulation of the X-ray tube should be increased in a corono-apical direction as one passes from the first (b) to the second (c) and third (d) lower molars.





[image: ]

[image: ] 5.76 The importance of correct orientation of the X-ray tube in determining the correct working length of the instruments. a) Preoperative radiograph of the lower right third molar. b) Radiograph to check the working length of the distal canal. The # O8 file appears at the radiographic terminus of the canal. Note the angulation of the wings of the clamp. c) Radiograph to check the working length using a # 20 file: the instrument seems to be a fraction of a millimeter beyond the apex, but the heavy bleeding arising from this canal raises the suspicion that it lies well beyond the apex. Note once again the angulation of the wings of the clamp. d) Without changing the working length of the file, a new radiograph is performed with a greater corono-apical angulation: note that the wings of the clamp, which are properly positioned at the neck of the tooth, are finally superimposed, confirming correct angulation of the X-rays. The instrument appears now to be beyond the apex by several millimeters and is therefore the clear cause of the abundant bleeding. e) The working length has been corrected, and a new radiograph has been obtained without altering the angulation of the X-ray tube. The bleeding stopped instantaneously. f) A check of the working length in the mesial canal. g) Fitting the cones in the two canals, which become confluent in a common apex. h) Postoperative radiograph: the filling ends at the proper “radiographic terminus of the canal”.





Common causes of errors

The radiograph certainly plays a very important role in diagnosing certain pathological conditions, and the instruments presently available can assure excellent quality. On the other hand, a poor quality radiograph can give erroneous information, simulating the presence of pathologies that do not in fact exist or hiding their presence from the viewer.

Therefore, to avoid errors of radiographic interpretation, the dentist must be familiar with some basic darkroom rules, in addition to the rules of geometric projection that regulate image formation on the radiographic film. Insufficient knowledge of these rules leads to wasting time and materials, film, and fluids, but especially increases the patient’s radiation exposure in the attempt to obtain a flawless film.

Because a colleague or the patient themself may request the radiograph, it must be not only presentable and legible, but absolutely perfect. Radiographs must be considered visiting cards of the dental office!

The most common causes of errors are described in Box 5.1.10,11,42,43



BOX 5.1 THE RADIOGRAPH: THE MOST COMMON CAUSES OF ERRORS

Light radiographs ([image: ] 5.77)

[image: ]Exposure errors (underexposed film)

–Insufficient milliamperage (when adjustable)

–Insufficient kilovoltage (when adjustable)

–Insufficient exposure time

–Excessive film-to-radiographic source distance

–Film packet reversed in the mouth (with the lead facing the teeth) ([image: ] 5.78)

–Use of expired film

[image: ]Processing errors

–Underdeveloped film because of

-bath temperature too low

-development time too short

-broken darkroom thermometer

–Dilute or contaminated developing solution

–Exhausted developing solution

–Prolonged immersion in the fixing bath

Dark radiographs ([image: ] 5.79)

[image: ]Exposure errors (overexposed film)

–Excessive milliamperage (when adjustable)

–Excessive kilovoltage (when adjustable)

–Excessive exposure time

–Film-to-radiographic source distance too short

[image: ]Processing errors

–Overdeveloped film because of

-too high bath temperature (dark or large-grained film) ([image: ] 5.80)

-prolonged development time

–Developing solution too concentrated

–Too brief immersion in the fixing bath

–Accidental light exposure

–Inadequate red light in the darkroom

–Filtration of light through the doors or windows of the darkroom

Radiographs with poor contrast ([image: ] 5.81)

[image: ]Underexposure

[image: ]Underdevelopment

[image: ]Excessive kilovoltage

Dark stains

[image: ]Fingerprints ([image: ] 5.82)

[image: ]Film in contact with the basin or with another film during fixation ([image: ] 5.83)

[image: ]Film contaminated by developer before treatment ([image: ] 5.84)

[image: ]Excessive folding of the film ([image: ] 5.85)

Light stains

[image: ]Film contaminated by the fixer before treatment ([image: ] 5.86)

[image: ]Film in contact with the basin or with another film during development ([image: ] 5.87)

[image: ]Name of the patient written on the wrapper before treatment in the darkroom ([image: ] 5.88)

[image: ]Scratches on the film ([image: ] 5.89)

Yellow or brown stains

[image: ]Exhausted developing solution

[image: ]Exhausted fixer

[image: ]Contaminated solution

[image: ]Insufficient washing of the film before drying and filing ([image: ] 5.50)

Blurry radiographs ([image: ] 5.90)

[image: ]Patient movement

[image: ]Movement of the X-ray machine

[image: ]Double exposure

Radiographs with partial images

[image: ]Film not immersed completely in the developing solution ([image: ] 5.91)

[image: ]Poor alignment of the long cone ([image: ] 5.92)







[image: ]

[image: ] 5.77 Light radiograph.




[image: ]

[image: ] 5.78 a, b) The radiograph has been placed back to front in mouth.




[image: ]

[image: ] 5.79 Dark radiograph.




[image: ]

[image: ] 5.80 Dark, grainy radiograph.




[image: ]

[image: ] 5.81 Radiograph with too little contrast.




[image: ]

[image: ] 5.82 Fingerprints on the radiograph.




[image: ]

[image: ] 5.83 The radiograph had been partially in contact with another film during fixation.




[image: ]

[image: ] 5.84 A finger contaminated with developer has touched the film in the darkroom prior to treatment.




[image: ]

[image: ] 5.85 The dark line that simulates a vertical fracture of the lower right central incisor, as well as a mandibular fracture, is in fact due to excessive bending of the film prior to its positioning in the mouth.




[image: ]

[image: ] 5.86 The clip with which the radiograph was immersed in the developer was contaminated with fixer, because it had not been adequately washed.




[image: ]

[image: ] 5.87 The radiograph had been partially in contact with another film during development.




[image: ]

[image: ] 5.88 The name of the patient was written with a ball-point pen on the film wrapper before processing.




[image: ]

[image: ] 5.89 The film has been “rinsed” in a basin containing other films, as well as more clips!




[image: ]

[image: ] 5.90 Blurred radiograph caused by movement during exposure.




[image: ]

[image: ] 5.91 The film has not been completely immersed in the developer.




[image: ]

[image: ] 5.92 The X-ray tube head was misaligned. This error can confirm that the X-ray beam is well collimated!





It is advisable to have an adequate supply of film in the office, without overstocking, so that one is not left with an enormous stock of expired film.

If there are several packages, open and use those that expire soonest.

The films must be kept in the refrigerator, far from hot or humid environments, but particularly from radiation. For the ideal developing and fixing times, see [image: ] 5.3.

Note that the film needs never to be completely fixed so as to be read in ambient light. Immersion in the fixer for a few seconds suffices, and the film can then be removed from the darkroom and read by incident light ([image: ] 5.93). The film must then be reimmersed in the fixer, where it remains for about 15 minutes. It can then be removed after 10 to 20 seconds to be read by light transmission ([image: ] 5.94). A good reader of radiographs eliminates the circumambient light, which can be achieved with a simple visor ([image: ] 5.95) and the use of an adequate magnifying lens ([image: ] 5.96).

If one takes into consideration the time required to close the darkroom door, open the radiographic film wrapper, immerse the film in the baths, reopen the darkroom door, and exit, it is clear that it should take no more than 40 to 50 seconds before a film can be examined.

If “rapid” developing and fixing solutions are used ([image: ] 5.97), this time can be halved. The importance of reducing the developing time is obvious, especially in the case of intraoperative radiographs; in this situation, it is important to eliminate delays, and one need not wait for the radiographs to dry.

[image: ] 5.3 Recommended developing, rinsing and fixing times for films*








	Darkroom

	Ambient light




	•Development 25”

	•Fixing 15’




	•Rinse 2”

	•Washing 20’




	•Fixing 3”





*Ultrarapid film, 65 kilovolts, 7.5 mA, developing bath at 25° C, with constant agitation of the immersed film.



If, on the other hand, one can wait longer and needs a dry radiograph to give to a colleague or patient, one can use an automatic developer ([image: ] 5.98) which in a few minutes (more or less, depending on the manufacturer) produce dry radiographs.

A very important but unfortunately frequently overlooked phase is that of washing. The quality of film preservation depends on this step, which can reduce yellowing with time. The films must therefore always be rinsed for 20 minutes in running water.


[image: ]

[image: ] 5.93 Although barely immersed in the fixer and removed from the darkroom, the radiograph can be read by incident light. It is illuminated from above by the lamp of the unit or a light on the cabinet.




[image: ]

[image: ] 5.94 After the radiograph has been properly fixed, it can be read by transmitted light on a light box.




[image: ]

[image: ] 5.95 Prof. Langeland uses a visor to eliminate ambient light.
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[image: ] 5.96 Interpretation of radiographs is facilitated by enlargement (Designs for Vision, 2.5x) and the elimination of surrounding light (shielding of the light box).
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[image: ] 5.97 Rapid developing and fixing solutions.
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[image: ] 5.98 The Dürr automatic developer, which is essential whenever dry radiographs are needed immediately.



Protection of the patient, dentist, and auxiliary personnel

In dentistry, the basic principle of protection from ionizing radiation is to reduce as much as possible the radiation exposure of the patient and then of the staff, without of course denying the dentist the desired benefits of diagnostic radiography.10

The decision whether or not to obtain a radiograph must be based on a risk-benefit assessment. The patient should be exposed to radiation only when the benefits outweigh the risk.44

It is important to emphasize to patients that it is more likely that they will sustain an injury from having refused a clinically important radiograph as compared to the remote possibility that they will develop any diseases as a result of exposure to ionizing radiation.

Studies on the doses of radiation absorbed by the bone marrow from taking dental radiographs have demonstrated that the radiation absorbed in a complete oral examination including 21 endoral radiographs is equivalent to that of a 65-day exposure to natural ionizing radiation (cosmic, from terrestrial or non-terrestrial sources).14,45

Nonetheless, even if the biological damage consequent to radiation exposure in a dental practice is minimal,46 it must not be overlooked.

The principal methods of protection are as follows:

[image: ]Fundamentally, a thorough familiarity on the part of the dentist of the techniques of stomatological radiology, so as to obtain consistently well-oriented and correctly exposed and developed radiographs, so that the maximal diagnostic information can be drawn from them.

[image: ]The dentist must never hold the radiographs in the patient’s mouth, placing their hands in the path of the primary X-ray beam. In the past, various types of damage to the fingers have been described, ranging from simple dystrophic changes to cancerous lesions. The radiograph must be kept in the mouth by the patient themself. If the patient cannot (e.g., in the case of children, elderly patients with Parkinson’s disease, etc.), then an adult companion with no professional radiation exposure must keep it in place.10

[image: ]Numerous studies indicate that, at parity of kilovoltage, the patient’s exposure with the use of the long cone and the paralleling technique is much less than that which occurs with the use of the short cone and the bisecting angle technique.47

[image: ]The use of high kilovoltage is recommended. The X-ray machine must also have good overall shielding, a good centerer of the beam, which must be filtered and collimated, so that its diameter is between 6 and 7 centimeters ([image: ] 5.99).

[image: ]The X-ray machine switch must be fitted with an alarm that emits sound and light to indicate the precise moment and length of execution of a radiograph.47 The switch must also be provided with an extension cord so that the operator can stand at least 2 meters from the tube. This is the minimum distance for protection against the primary X-ray beam as well as the secondary beams that form (by the Compton effect) from radiation scattered from the patient, the floor, the walls, or nearby objects.

It is better still if the switch is located outside the area in which the radiographs are taken. If this is not possible, the operator should wear a lead apron.

[image: ]Where possible, it is always advisable to position the switch outside the treatment room. Floors, walls, and ceilings usually do not require additional shielding. If, however, the dividing walls are made of wood or other light materials, it is advisable to provide shielding with lead panels.

[image: ]It is a good idea to use a timer to regulate the maximum and minimum exposure times to standardize the results. Adequately connected to a system of switches, the timer can control several X-ray machines in different rooms. In this case, an expert electrician should perform the wiring, so that it is impossible to mistake the position of the switch and erroneously expose the dentist, patient, and auxiliary personnel to accidental or undesired radiation. The use of a switch fitted with interdependent satellites eliminates the risk of undesired exposure and adheres fully to the safety standards of the dental office48 ([image: ] 5.100).

[image: ]The patient must always be protected with a lead apron, which principally protects the gonads, and a lead collar to protect the thyroid49 ([image: ] 5.101).

When radiographs are performed in the upper quadrants, it is advisable to protect the crystalline lens with sunglasses to whose inner aspect at least 3 lead sheets obtained from radiograph wrappers have been attached ([image: ] 5.102). Nonetheless, Danforth and Torabinejad46 have demonstrated that one would have to undergo at least 10,900 endoral radiographs to receive the threshold radiation dose required to produce cataracts.


[image: ]

[image: ] 5.99 The diameter of the well collimated X-ray beam must not exceed 6-7 cm.



[image: ]In the case of pregnant patients, one should refrain from obtaining radiographs. As Marci50 confirms, “somatic damage to the embryo is due to maternal abdominal irradiation during pregnancy, which can cause abnormalities of variable severity and type, depending on the dose administered and the developmental age of the embryo. Limited use of dental radiology is necessary, as for other types of radiological studies, since, although the practice of oral radiography carries a low risk of radiation exposure, it is also true that during the period in which the human species undergoes organogenesis (fifteenth to twenty-fourth days of gestation), even the administration of doses of only 35 Rem can cause malformations incompatible with life. In the subsequent phases of pregnancy, the sensitivity of the product of conception to the teratogenic action of X-rays progressively diminishes, and, at parity of radiation dose absorbed, the percentage of malformations thus decreases”. According to Marci, to avoid damage caused by irradiation of the embryo, practitioners in many countries apply the “ten day” rule, which limits diagnostic radiation exposure to the ten days that follow the beginning of the menstrual cycle.

Although this procedure refers only to exposure of the pelvis to primary rays, it would be prudent to apply such limitations also in the dental practice, or else to take the appropriate precautions to protect the abdomen of a woman undergoing dental radiographs with the appropriate lead apron.

The concept of not performing even simple endoral radiographs in cases of presumed pregnancy is still valid, as there is no concrete information about the dose the embryo can tolerate. One must keep in mind, however, that even a simple radiograph could create troublesome medico-legal problems in cases of damage to the product of conception, which obviously could arise from causes other than from the radiograph.48,50


[image: ]

[image: ] 5.100 This Philips timer (right) is used to automatically regulate the exposure time according to the teeth being treated. A switch (left) allows a single timer to control several X-ray machines in different rooms.




[image: ]

[image: ] 5.101 The patient’s gonads and thyroid must always be protected by a lead apron.




[image: ]

[image: ] 5.102 Three lead sheets obtained from endoral radiographic film wrappers are glued to the inner surfaces of sun glasses. They are more efficacious in protecting the patients’ crystalline lens.



[image: ]When one performs radiographs, the patient’s family members or friends must not stay in the room, as they should not be needlessly exposed to the radiation.

[image: ]It is a good idea to use high speed radiographic film such as Kodak Ultraspeed or Ektaspeed ([image: ] 5.103) which require exactly half the exposure time than the earlier very sensitive films,44,51-56 so as to reduce the exposure time to a minimum, fractions of a second. The use of high sensitivity or high speed film requires a more precise exposure technique and suitable manipulation in the darkroom. It must be kept in mind that although the Ektaspeed is safer for the patient due to the shorter exposure time required, on the other hand the Ultraspeed film is superior in terms of contrast and image quality.55 In 1994, Ektaspeed Plus dental X-ray film (Eastman Kodak, Rochester, NY) was introduced. Recent studies57-59 demonstrate that the use of Ektaspeed Plus film for working length determination can reduce patient radiation exposure by 50%, while producing a quality, diagnostic radiograph with good contrast and density. When compared to Ektaspeed, Ektaspeed Plus has a higher contrast, is less grainy and faster. When compared to Ultraspeed film, Ektaspeed Plus demonstrates that it is superior or equivalent and only slightly more grainy. Considering the reduced radiation exposure required for Ektaspeed Plus (only half the time compared to Ultraspeed film), several authors suggest substituting Ultraspeed and Ektaspeed with Ektaspeed Plus film for intraoral imaging.58-60


[image: ]

[image: ] 5.103 Ultra-Speed films and, even more, Ektaspeed, are very rapid films that allow the use of considerably shorter exposure times.
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con. isc. CSTRLD4TPIT G713Z

Last name First name
Date of birth City ofbirth State
Homeaddress Telephone Email address.
Profession Work address. Telephone

Medical-endodontic history

1) Are you under the care of a physician for a medical condition? Yes (] No[]
If yes. please specify.

2) Have you been hospitalized in the last twelve months? Yes (] No[]

3) Do you take any medications? Yes [ No[]
Iyes, please specify.

4) Are you allergic to any medication, such a penicillin, novocaine, codeine, adrenaline, or aspi Yes (] No[]
Ifyes, please specify

5) Have you ever had any of the following diseases (underline)? Yes (] Nol[]
tuberculosis, hepatits, heart attack, epilepsy. heumati fever, angina, hypertension, diabetes, bieeding disorder,
other?

6) Do you smoke? Yes (] No[]

7) Doyou havea toothache? Yes (] No[]

8) Can you identify the tooth responsible of your pain? Yes [ No[]

9) Underline the following causes of pain: Heat, Cold, Sweet, Pressure

10) When did the pain or swelling begin?
Specify.

1) Have you had an accident involving the teeth? Yes (] No ]
When

12) Are you pregnant? Yes (] No[]

1fyes, how many months?.

Root canal therapy consists in the treatment of a tooth that otherwise would be extracted.
To be well performed, it must be done in a careful manner, so several intraoperative radiographs will be required.
Although root canal therapy has a very high success rate (close to 100%, as in perhaps no other medical or surgical ther-
apy), it cannot be guaranteed. Rarely, a tooth that has undergone root canal therapy may require retreatment, surgical
treatment such asapicoectomy, or even extraction. It therefore very important to check the endodontically treated teeth
periodically with radiographic and clinical examinations. Once the treatment s finished, it will be necessary to undergo
atleast four check-ups six months apart at no charge, since they are included in the treatment.

Signature
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