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1 Examination, Diagnosis, and Treatment PULPAL CONDITIONS Signs and Symptoms One thinks of pulpalgia, toothache, as the most common symptom of pulp pathology. This may be true in the public’s mind but is not necessarily so in dental practice. Dentists recognize discolored or fractured teeth, abscess stomas, and lesions spotted on a radiograph as likely candidates as well. Nonetheless, toothache still appears to be a common occurrence. Whether the incidence has increased or decreased over the years is open to question. The last survey available is 11 years old. At that time the report estimated that 22 million people suffered from toothache that year.1



Pulp Pain Pulpalgia, that is, pulp pain, can be classified into three different categories: hyperreactive, acute, and chronic. Histologically, pulpitis, which leads to pulpalgia, is classified as reversible or irreversible. One hopes that pulp with reversible pulpitis can be saved. Pulps suffering irreversible pulpitis cannot be saved. It is that simple!



Dentinal Sensitivity In the absence of inflammation, hyperreactive pulpalgia, or dentinal sensitivity, is the mildest form of pulp discomfort. The pain is often characterized as a short, sharp, shock, and it is brought on by some stimulating factor—heat or cold, sweet or sour, acid, or touch. It is never spontaneous! The reaction patients experience to heat or cold after a new restoration is quite typical of dentinal sensitivity. Even biting down on a foil candy wrapper sends a shock between two dissimilar metals—gold
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and silver. Probably the most familiar example is the shocking pain, up through the eye, that occurs while eating ice cream. It is not pathologic, but, rather, involves fluid flow in the dentinal tubules that stretches or compresses the nerve endings that pass alongside the tubular extensions of the pulp odontoblasts (Figure 1-1). Dentinal sensitivity may develop when dentin is exposed from gingival recession or following periodontal surgery. The nerves in these exposed tubules respond not only to heat and cold and sweet and sour but also to scratching with an instrument or a finger nail and to tooth brushing. For this reason, patients often avoid brushing the area. The subsequent plaque buildup only worsens the situation. Examination Examination of dentinal sensitivity is quite simple: apply the irritant that sets off the painful reaction—heat or cold, sweet or sour, or scratching with an instrument. Radiographic results are generally normal, as are electric pulp tester readings and percussion. The pulp condition is totally reversible.



Figure 1-1 The effect of cold stimulus on the pulp. A, Cold is applied to the tooth, causing a contraction of the fluid in the tubule. B, Pulp capillary pressure forces replacement fluid into the tubule along with the odontoblast and the afferent nerve. Stretching the nerve (thick arrow) produces intense pain. Courtesy of M. Brannstrom.
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Treatment An insulating cement base under amalgam fillings prevents the shock of heat or cold to the pulp. Eventually, irritation dentin will build up to protect the pulp from thermal shock. Marginal microleakage around restorations may also lead to hypersensitivity owing to bacterial invasion and irritation. Acidic soft drinks may cause a washout of the smear layer that obstructs the dentinal tubuli. Removal of the smear layer before placing a restoration (Figure 1-2A and B) and coating the exposed dentin with a dentin bonding agent such as Touch & Bond (Parkell Co., Farmingdale, NY) (Figure 1-2 C) protect the tubuli opened during preparation and even serve as insulation in place of a cement base. Sealing dentinal tubules that terminate at the cementum but become exposed to the oral environment following periodontal surgery may be accomplished by applying potassium oxalate or strontium chloride, fluorides, or dentin bonding agents. Sodium fluoride (2%) applied by iontophoresis, Desensitron (Parkell Co., Farmingdale, NY), has also proved effective, blocking the dentinal tubules. There are also a number of



A



Figure 1-2 A, Smear layer produced by filing in the center of a canal wall formerly cleared of smear. (Continued on next page).
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toothpastes that contain 5% potassium nitrate that apparently do not block the tubules but “numb” the nerve endings. These are sold in most drugstores as GUM (John O. Butler Co.), Sensodyne and Aquafresh Sensitive (GlaxoSmithKline), and Colgate Sensitive (Colgate-Palmolive



B



C



Figure 1-2 Continued B, Removal of the smear layer using ethylenediaminetetraacetic acid and full-strength sodium hypochlorite rinses. C, Touch & Bond (Parkell Co.) dentin bonding agent used to close dentin tubuli and prevent hypersensitivity reaction
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Co.). Although the fluid still flows in the tubules, the nerves are “unexcitable.” Finally, the application of dentin adhesives such as Brush & Bond (Parkell Co.) to the root surfaces of hypersensitive teeth has proved very effective. The roots must be scrupulously clean of dental plaque before the adhesive application (Figure 1-3). All of these modalities of root desensitization have a good “track record” of relieving dentinal sensitivity. Again, since the condition is noninflammatory, it is completely reversible.



Incipient Acute Pulpalgia Acute pulpalgia is found in three stages of escalating discomfort: incipient, moderate, and advanced. All three are related to advancing degrees of inflammation. Incipient acute pulpalgia should be completely reversible. It is characterized by mild discomfort such as that experienced following cavity or crown preparation. It may be gone by the next day. If one could study the cells of the pulp at this time, one would find a marginal increase in leukocytes and fluid pressure against the nerves that accompany the odontoblasts into the tubules. When pressure returns to normal, the discomfort disappears. Some patients may



Figure 1-3 Brush & Bond (Parkell Co.) bonding agent contains a special tripolymer that creates a robust film that resists abrasion. When applied to a clean root surface, it alleviates hypersensitivity of exposed dentin.
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report slight discomfort from a carious lesion that has just broken through the enamel into the dentin (Figure 1-4). And constant trauma from a “high” filling may also start this mild discomfort. Examination Only radiography discloses an incipient interproximal carious lesion. In cases of constant trauma, radiographs may exhibit periodontal membrane (PDM) thickening at the apex, and percussion may elicit a mild response. Pulp tester readings are generally normal. Cold is the best stimulus to initiate the discomfort. Treatment Time is the best “cure” for the uncomfortable but normal reaction to cavity preparation. If initial caries is the cause of the discomfort, no bacteria have reached the pulp, so the obvious first step is to remove the caries and place a calcium hydroxide dressing and sedative zinc oxide–eugenol filling until the sensation returns to normal. Then a permanent restoration can be placed. If the cause is trauma, relieving the high spot on the filling or its opposing tooth often brings immediate relief. In any event, these cases should all be reversible and endodontic therapy should be avoided.



A



B



Figure 1-4 A, Early carious lesion that has not yet broken through the enamel surface. Courtesy of K. Langeland. B, Same lesion shown invading the dentin and already arousing a reaction in the pulp, enough to alert the patient to incipient pulpalgia. Courtesy of K. Langeland.
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Moderate Acute Pulpalgia Moderate acute pulpalgia is a true but tolerable toothache, often described as “nagging” or “boring.” In such cases inflammation of the pulp is present, so the pulp may be either reversible or irreversible. This is extended pain, often diffuse and hard to locate as it refers to other areas. The pain may start spontaneously or from a simple act such as lying down. Interestingly, cold may be the irritant that starts the pain, but hot food or drink and biting down on the cavity are more common. If this pain has been mild and of short duration, the pulpitis may be reversible (Figure 1-5). The pulp may not yet be infected by bacteria but may be reacting to their acidic output by becoming inflamed and swollen. However, if the pain has been moderately severe and continuous for some time, the pulp is probably infected. This pulpitis is irreversible; the pulp must be sacrificed (Figure 1-6). This is a tough decision one is asked to make—to treat or not to treat. A warm rinse does not relieve the pain, and cold may make it worse. Acetaminophen or ibuprofen may contain mild but not severe discomfort.



Figure 1-5 Localized abscess formation (arrows) subjacent to dentin cavity (C) filled with dental plaque. The pulp may not yet be infected but is reacting to the acidic output from the plaque. Courtesy of G. Bergenholtz.



8



PDQ ENDODONTICS



Figure 1-6 Inflammatory changes in the pulp from an open cavity (C). The pulp is probably infected, and the pulpitis irreversible. Courtesy of I.A. Mjor and L. Tronstad.



Examination Pinpointing the exact tooth involved in moderate pulpalgia is often difficult. Frequently the results are clouded by the analgesics the patient has been taking for some time. The pain is diffuse, and two or three teeth may give similar responses to electric pulp testing. Percussion may reveal a slight difference in response between teeth. Pain may even be referred to the opposing arch. Radiographs may reveal large interproximal caries or a deep filling impinging on the pulp (Figure 1-7). There may be a thickening of the PDM at the apex. Thermal testing with cold should be attempted first. If pain response from the suspected tooth increases but then goes away, stop! Do not test other teeth, but wait for the rebound of pain that may occur. Then test the other suspected teeth to learn if they respond with the intensity of the prime suspect. When using the electric pulp tester, the involved tooth may respond a bit sooner than its neighbors or the tooth may be a bit more sensitive to percussion. If there is pain in both arches, locally anesthetize the principal suspect. Pain elimination in both arches confirms the correct identification of the tooth and the pain referral. The anesthetic test is the last resort. Be patient; be shrewd. If in doubt, hesitate. One more day may be the panacea.
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Figure 1-7 Undetected caries under a premolar bridge abutment. Irreversible pulpitis leading to moderate pulpalgia.



Treatment In the event moderate pulpalgia is mild and of short duration, there is an outside possibility that the pulpitis is not infected and is reversible. In that case all the caries must be removed, and a calcium hydroxide dressing may be placed along with a thick, zinc oxide–eugenol, sedative, temporary filling. If the tooth remains symptom free for some time, a more permanent filling may be placed with the proviso that root canal therapy may have to be done if symptoms return. On the other hand, most pulps of moderate acute pulpalgia are infected, inflamed, and irreversible. Unless one opens into the pulp and discovers pus in the chamber, one is only guessing as to the state of the pulp. Playing the odds that any pulp that has been aching for some time is infected, one is wise to remove the pulp and clean, shape, and fill the root canal if the tooth is salvable. One can “play around” with a pulpotomy and calcium hydroxide dressing for some time, but the odds that the pulp will survive are less than 50:50. This is irreversible pulpitis.
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Advanced Acute Pulpalgia Advanced acute pulpalgia is the ultimate toothache, one of the most excruciating pains known to humanity. It is totally irreversible pulpitis. The patient may be in exquisite agony, at the point of hysteria, crying and unmanageable. The relief of this pain is embarrassingly simple—cold water relieves the pain temporarily. The patient may report to the dental office with a jar of ice water. Histologically, one finds necrosis of the coronal pulp with vital remnants left (Figure 1-8). Gas has formed, and it is the contraction by this gas and excess fluid, in response to the cold, that gives 30 to 45 seconds of relief. Examination There is usually not much question which tooth is involved. Testing with heat gives an immediate explosive response! One must be prepared to immediately bathe the tooth in ice water. The tooth will be responsive to percussion, but diagnostic radiography at this point is irrelevant, as is the electric pulp tester. The symptoms are selfincriminating. This is irreversible pulpitis! An immediate block injection gives blessed relief.



Figure 1-8 Although extensive irritation dentin has formed under carious lesion, it has not protected the pulp from the effects, as shown by the microabscess (a). The barrier is incomplete, as is evidenced by the opening (arrow) forming communication between the pulp and the carious lesion. Courtesy of K. Langeland.
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Treatment There is only one solution for this devastatingly painful experience— pulp removal either by pulpectomy or by extraction. If the tooth is salvable, pulpectomy and root canal treatment is the preferred choice. Anesthesia may be difficult to achieve, and one may have to resort to intrapulpal anesthesia. The tooth may have risen in its socket, so the occlusion should be relieved. One must be careful in doing the pulpectomy that all the pulp is removed; otherwise, the patient may be back with continuing toothache when the anesthetic wears off.



Chronic Pulpalgia Chronic pulpalgia deals with completely irreversible pulpitis. It is often described as a “grumble,” not severe but consistent discomfort. Patients have admitted withstanding the discomfort for weeks or even years, suppressing the pain with analgesics. On the other hand, they may not have had any overt symptoms that would alert them to seek a dentist. Finally, when the pulp starts to ache all night or flare up during an airplane flight, they come in for treatment. The pain is mild enough and diffuse enough to complicate its location. Moreover, chronic pulpalgia often refers to other teeth or the opposing arch. Pain may be precipitated by biting down on an open cavity. Cold has little effect, but heat may increase the discomfort. If one could see the pulp, one would find it mostly necrotic but with enough vital remnants remaining to extend sensation. The barodontalgia during flight ascent is related to reduced cabin pressure allowing the pulp to swell more. Dull throbbing pain is the result. Examination Oral examination often reveals the culprit. A huge carious lesion or fractured filling may pinpoint the involved tooth. The electric pulp tester records a very high reading, or the patient may be able to withstand the “full discharge.” Percussion often reveals one tooth to be more sensitive than others, but biting hard on a cotton roll or a hot water rinse may be even more indicative. Radiographic evidence is often the best. A huge interproximal cavity may appear, or there may be recurrent caries under an inlay. Teeth suffering chronic pulpalgia (and chronic pulpitis) may have a well-thickened apical PDM as well as external root resorption. Condensing osteitis of the surrounding cancellous bone is pathognomonic of chronic pulpitis (Figure 1-9).
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Figure 1-9 Condensing osteitis, external resorption, and pulp stones associated with chronic pulpitis in a first molar. Condensing osteitis disappears following successful root canal treatment.



Interestingly, after the tooth is treated endodontically, the osteosclerosis disappears. Molars inflicted with chronic pulpitis are notorious for referring pain to other regions, the opposing arch being the favorite. Treatment Chronic pulpitis is totally irreversible, and the tooth must be treated endodontically or extracted if not salvable.



Pulp Necrosis Pulp necrosis should be completely devoid of pain in that all pulpal tissue is destroyed including the sensory nerves (Figure 1-10). Pulps may die quietly over the years or may die a painful death, as described above. Virtually always, it is infected. Caries, of course, is the greatest source of bacteria. Some necrotic cases may be due to trauma in which the apical blood supply is cut off. So-called quiet deaths may be related to coronal leakage around fillings or crowns. Over time bacteria invade an already traumatized pulp and slowly bring about its death. The process may be symptom free but revealed to the dentist as discoloration under transillumination. Most quiet necrosis cases are noticed on radiographs by the appearance of root resorption or periradicular lesions.
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Figure 1-10 Massive, rapidly advancing pulp necrosis. Bacterial penetration leads to microabscess (open arrow). Bacterial masses are indicated by the solid arrow. Courtesy of S. Matsumiya and colleagues.



Examination Pulp testing, either thermal or electric testing, is an accurate way to prove necrosis. If a full crown is present, the necrotic pulp will not respond to heat or cold. There will also be no response to electric pulp testing unless one or two roots in a multirooted tooth are still partially vital and another is necrotic. This situation of partial necrosis leads to confusing results. The tooth responds as not totally necrotic but at a much higher scale than do comparable teeth. One learns soon enough not to trust radiography alone. A tooth can be involved in a condition known as osteofibrosis, in which the first stage appears as a periapical radiolucency (Figure 1-11); pulp testing reveals that the pulp is vital, and no treatment is advised. Always test the pulp! Treatment Again, as with chronic irreversible pulpitis, the solution is to eliminate pulp necrosis and its sequela by cleaning, shaping, disinfecting, and obturating the root canal, or by extraction if the tooth is not salvable. In cleaning and irrigating the canal, one must be careful not to cause extrusion of infection out of the apical foramen (Figure 1-12).
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Figure 1-11 Initial stage of osteofibrosis, which can be mistaken for pulpal and periradicular disease. The pulps are all vital. Courtesy of S.N. Bhaskar.



Figure 1-12 Perforation of the apical foramen leads to extrusion of infected material during instrumentation. The result is often the excruciating pain of acute apical periodontitis.



ORAL AND EXTRAORAL PAIN REFERRALS Pulpalgia is notorious for referring its pain to other teeth or regions— upper to lower premolars, maxillary to mandibular molars, upper incisors to a frontal headache, maxillary posterior teeth to the sinus area, lower molars to the angle of the mandible and even the ear, and, quite commonly, lower third molars to the ear. Fortunately, pain usually does not cross the midline. If a patient insists a lower molar is aching and yet all testing and examination of that area is negative, test the opposing molars. If there appears to be cause for pain in that arch but no pain is felt there, anesthetize that area; if the pain is referred, it will disappear in the opposite arch. There is also a condition called atypical odontalgia. It involves all the symptoms of an acute toothache: severe throbbing and continuous pain starting in one quadrant and even crossing the midline. This condition is also called “phantom pain” or “dental
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migraine” and is often associated with patients suffering from unipolar depression. Over 80% of the patients are female, and over 90% of the time the pain is in the teeth, jaws, or gingivae. In almost onethird of cases, the pain is precipitated by dental procedures. Tricyclic or monoamine oxidase inhibitor antidepression therapy relieves the pain in many cases. The most common extraoral pain reference comes from the heart—myocardial infarction, coronary thrombosis, angina pectoris. The patient may present with a typical toothache or a pain in the jaw, usually the left jaw. If testing for pulpalgia, usually with an ice water rinse, does not change the character of the pain, one should then question the patient about other areas that might be painful, such as a “smothering” feeling in the chest or reference pain in the left arm or even the right arm (Figure 1-13). Sometimes only the jaw pain is apparent, and it is these patients who are most likely to appear in a dental office. If a heart attack is suspected, great care must be exercised in getting the patient into proper hands.



A



B



Figure 1-13 A, Pattern of referred pain emanating from a myocardial infarction. A central “necktie” pattern and greater pain in the left jaw and left arm than on the right side are typical. B, Harmless noncardiac pain in the left chest, often from a spasm of the esophageal sphincter. Courtesy of G.O. Turner.
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Pain to the teeth and jaws can also be referred from the maxillary sinus or the thyroid gland, or from a cardiospasm, spasm of the cardiac sphincter of the esophagus often associated with a hiatal hernia.



Internal Resorption Internal resorption is an insidious process because there may not be any symptoms involved. The only sign may be an unexpected radiographic discovery. In some cases, however, internal resorption may mimic the mild pain of moderate acute pulpalgia. Another sign might be pink tooth of Mummery (Figure 1-14) if the crown has been thoroughly undermined by the resorption. The cause of internal resorption is usually thought to be impact trauma, and such may be the case. Iatrogenic damage to the pulp during overzealous crown preparation is another form of trauma (Figure 1-15). On the other hand, dental caries has been indicted as well. The pulp simply changes character, and instead of the odontoblasts producing dentin, detinoclasts develop and destroy dentin.



Examination Pink tooth is an obvious sign of internal resorption. But if the resorption is confined to the root, only radiography reveals the destruction. On the radiograph the lesion has smooth walls and the pulp seems to disappear into the lesion (Figure 1-16). This is in contrast to the appearance of external resorption, in which the pulp seems to pass through the lesion. Thermal and electric pulp testing and percussion are only partially reliable when comparing a resorptive tooth with



Figure 1-14 Pink tooth of Mummery, the result of internal resorption within the crown of a central incisor. Courtesy of B.K. Bakland.
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neighboring teeth. The most difficult cases to diagnose are those with full coverage and internal resorption confined to the crown. Radiographically nothing shows, so one must depend on vague symptoms and mild differences in thermal testing results. Experience and “playing a hunch” contribute a great deal to the decision making. One thinks twice, however, before cutting into a new gold crown.



A



C



B



Figure 1-15 Extensive internal resorption triggered by iatrogenic causes. A and B, Normal condition of teeth prior to crown preparation. C, Development of internal resorption from high-speed preparation without water coolant, seen 1 year later. Courtesy of D.H. Glick.
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Figure 1-16 Drawing of internal resorption shows how the shadow of the pulp “disappears” into the huge lesion. Courtesy of F.H. Lepp.



Treatment The only treatment for internal resorption is pulp extirpation followed by cleaning, shaping, and obturation. The pulp is the offending organ and must be removed before the resorptive process “eats its way” to the external root surface. Internal resorption is irreversible.
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Tooth Infraction Tooth infraction (often called cracked tooth or split tooth syndrome) involves a tooth that is split or cracked but the two parts are not yet separated. It presents bizarre symptoms ranging from constant unexplained hypersensitivity to constant unexplained toothache. Biting down on the tooth may bring on a sudden surge of pain as the dentin spreads along the fracture line. Many of these cases involve noncarious virgin teeth, so it is hard to believe that anything is wrong with the tooth (Figure 1-17). As long as the crack does not extend into the pulp, the tooth is salvable by full crowning. Once it extends into the pulp, bacteria establish pulpal infection. At this point one must decide if the tooth is salvable when the fractured cusp is removed.



Examination Sometimes the crack may be discerned if the tooth is dried and viewed under transillumination. Painting tincture of iodine on the surface and washing it off after 2 minutes may reveal a dark line at the fracture. The electric pulp tester has little value unless the pulp is involved. Thermal testing with a stream of hot or cold water may be of help. Percussion is usually not helpful, yet biting on a wet cotton roll may



Figure 1-17 Crown-to-root infraction that extends into the pulp. Courtesy of L.K. Bakland.
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Figure 1-18 The Tooth Slooth (Professional Results, Inc.), a fracture detector. The concave area at the peak of the pyramid is placed on the tip of the suspected cusp. The patient bites down on the plastic device, and the dentist watches for changes in facial expression or a verbal reaction. Several cusps should be tested.



give the spreading action needed to elicit pain. To individually test each cusp, biting down on the Tooth Slooth (Professional Results, Inc., Laguna Niguel, CA) is most helpful (Figure 1-18). Radiographs are meaningful only if the fracture line is from buccal to lingual, in line with the x-ray beam.



Treatment As stated above, if the fracture does not extend to the pulp or into the periodontal ligament, the tooth may be prepared for a full crown. It should then be cemented temporarily with zinc oxide–eugenol cement until one is certain the tooth is symptom free. If the infraction extends into the pulp, root canal therapy is indicated, and the crown can later be restored with full coverage.



PERIRADICULAR CONDITIONS Signs and Symptoms Apical periodontitis is characterized in two ways—acute and chronic, as well as symptomatic and asymptomatic.



Symptomatic Apical Periodontitis Symptomatic apical periodontitis (SAP) is comparable in pain intensity to advanced acute pulpalgia, but SAP lasts longer—24 hours a day, day after day. SAP is frequently caused by iatrogenic blundering, perforating the apical foramen and forcing bacteria, necrotic debris, and/or caustic medicaments into the periapical tissues (Figure 1-19). Violent inflammation develops and, in the case of bacteria, apical infection. Because
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Figure 1-19 Radiographic features of symptomatic apical periodontitis. The periodontal ligament space is widened at the apex (arrows). Clinically the tooth is exquisitely sensitive to percussion.



of the confining cortical bone and the paucity of cancellous bone, especially in the mandibular premolar region, there is no room for fluid expansion and the pressure becomes unbearable. The tooth is elevated in its socket, and at every mandibular closure the area is traumatized more. Pain is described as constant, gnawing, pounding, and throbbing. Examination The patient is in severe pain, and the involved tooth is exquisitely painful to touch! The tooth is in supraclusion. Radiographs should be taken for record’s sake but are not particularly helpful. They only show a widened PDM, no radiolucent area. Vitality testing is not indicated. Don’t even try percussion! Treatment After examination is completed and before any treatment is undertaken, long-acting block anesthesia such as bupivacaine should be given. Bupivacaine injections should be repeated at least twice a day, preferably in the morning and at the last appointment of the day to tide the patient over the night. An evening phone call and the first appointment the next day are in order.
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Be wary before undertaking any procedure. Approach the tooth gently to be sure it is numb. First the occlusion must be relieved, if at all possible, in the opposite arch. The involved tooth should be supported between the thumb and forefinger during any treatment. A rubber dam should be placed. Then carefully remove the temporary filling and gently use paper points to empty the canal of fluid. Radiographically check the tooth length that may be in error. Using a small reamer, set the exact tooth length and then gently perforate the apical foramen to relieve any trapped fluid. Neo-Cortef 1.5% eye/ear drops (Upjohn Co.) should then be placed in the canal and teased out the apex. This supplies both antibiotic and cortisone therapy. The procedure can be repeated that same day if necessary. Place a small, dry cotton pellet in the chamber and a thin temporary filling. Recheck the occlusion. If the pain becomes unbearable at night, the patient should be instructed how to remove the filling, watching in a mirror and using a safety pin bent at a right angle. This may relieve the pressure. The patient should also be carried on antibiotics and a nonsteroidal anti-inflammatory drug such as ibuprofen. A narcotic drug such as codeine or hydrocodone bitartrate–acetaminophen, or meperidine hydrochloride may also be prescribed. SAP results in one of the severest pains with which a dentist and patient have to deal. It goes without saying; root canal treatment should not be undertaken until all the acute symptoms have subsided.



Acute Apical Abscess Acute apical abscess (AAA) is a periapical extension of canal necrosis in which bacteria overwhelm the body’s resistance and severe inflammation with pus formation develops. Acute apical abscess carries a severe pain but is not as painful as SAP. The gross swelling itself is painful—a full, systolic, throbbing pain. As the abscess grows and becomes hardened or indurated, the pain increases. When it breaks through the bony plate and becomes soft or fluctuant, it becomes less painful. The abscess has grown from undetected swelling to gross cellulitis (Figure 1-20). Examination Here again, the signs of an abscess are readily apparent: the swelling, the redness, and later the “pointing” of the abscess. Gentle palpation reveals the early swelling. But which tooth is involved? The electric pulp
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Figure 1-20 Massive cellulitis from a lower molar involving the cheek and neck. Courtesy of J.F. Siqueira.



tester is very helpful. The tooth with the necrotic pulp and with no response to the electric pulp tester is the obvious one. Test other teeth in the region, however, because more than one tooth may have a necrotic pulp, particularly after an accident. Very gentle percussion also confirms the involved tooth. No gross radiographic changes may be noted at first, but late in the process, rapid bone loss shows up as a radiolucency. Treatment In its early stages, the abscess may be drained through the root canal that can be opened slightly with a reamer. If this does not work, the cavity should be closed and the abscess encouraged to “come to a head” so to speak. It is usually wise to start the patient on an antibiotic, not to control the abscess, which is probably beyond being reversed, but to protect against bacteremia. The patient should be urged to use frequent hot rinses that will speed up the process of pointing. Once the abscess becomes fluctuant, incision and drainage is employed to drain the abscess (Figure 1-21). Once the whole area “quiets down,” root canal treatment may be completed.
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Figure 1-21 Purulent drainage following the incision of a fluctuant abscess involving a pulpless lower anterior tooth.



Chronic Apical Abscess Chronic apical abscess (CAA) is an abscess from low virulence bacteria, usually characterized by a long-standing fistulous stoma draining the abscess into the oral cavity (Figure 1-22A) but occasionally extraorally—the cutaneous fistula (Figure 1-22B). It is relatively painless or asymptomatic, and for this reason, patients often tolerate the condition for months or even years. This chronic abscess may also develop an acute exacerbation, the so-called phoenix abscess. When this happens, the patient suffers all the attendant problems of an acute apical abscess but “magnified.” Examination If a draining fistula is present, the process is quite apparent. One should probe the fistulous track with a gutta-percha point, using a radiograph as a guide. Often what is thought to be the obvious tooth may not actually be the culprit. Radiographs reveal a diffuse radiolucency, sometimes of enormous size (Figure 1-23). Again, thermal and electric pulp testing reveal the necrotic pulp. Treatment Root canal treatment alone often solves the abscess problem. Often the fistula stops draining after the first appointment, and over a
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Figure 1-22 A, Chronic apical abscess and its intraoral stoma draining through a fistula from the abscess area. B, Draining extraoral fistula associated with infected pulpless incisor. Courtesy of W.E. Harris.



period of time the abscess area will heal and be filled in with new bone. Occasionally surgery must be resorted to, particularly if the root apex has been “chewed-up” by inflammatory resorption (Figure 1-24). The open apex may be difficult to obturate; so, surgery and a root-end filling may be in order. Removing all the chronic inflammatory cells from the region may also speed up healing.
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Figure 1-23 Chronic apical abscess related to improperly filled central incisor led to cutaneous fistulous drainage. Courtesy of B.K. Bakland.



Figure 1-24 Apical inflammatory resorption has destroyed the “apical stop,” so periapical surgery and a retrofilling is recommended to complete treatment. Chronic inflammatory tissue is also removed.



Asymptomatic Apical Periodontitis Asymptomatic apical periodontitis is a painless, or relatively painless, condition often referred to as a granuloma (Figure 1-25A). It is usually characterized by the radiographic appearance of a welldefined periapical lesion (Figure 1-25B). The patient may not even be aware of the situation. It is always associated with a tooth with a necrotic pulp that may have been devitalized by trauma or caries. Bacteria in the canal must be of low virulence, well controlled by layers of a periapical inflammatory lesion. It can spring into violence if virulent bacteria take over and a phoenix abscess develops. Or it may permutate into an apical cyst. Examination Asymptomatic apical periodontitis is usually revealed in a routine radiograph. Both the patient and dentist are surprised to find the
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Figure 1-25 A, Asymptomatic apical periodontitis, also known as apical granuloma. The lesion is primarily made up of chronic inflammatory cells. No necrosis is present. Courtesy of S. Matsumiya. B, Radiographic appearance of asymptomatic apical periodontitis. Two distinct lesions are apparent at the apex of lower first molar with necrotic pulp.



well-defined lesion. External resorption has usually not destroyed the root end. By transillumination the involved tooth appears darker than its neighbors. Sometimes this is even apparent to the naked eye. Thermal and electric testing are negative. Percussion is of little value. If the lesion has been the result of an accident and has been there a
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long time, the patient often questions the necessity of further treatment. The logical argument is the possibility of a flare-up into a phoenix abscess and the possible dissemination of bacteria to a previously injured part such as a heart valve. Treatment Usually this condition can be resolved by root canal treatment. Surgical intervention is usually not necessary. When it is, the granuloma can be curetted out to speed up healing.



Apical Cyst Apical cyst is a condition of the lesion of apical periodontitis gone awry. The inflammatory process stimulates the epithelial resting cells of Malassez, and a cystic cavity filled with cholesterol and fluid develops around the apex. It may grow by expansion from the fluid, or it may become infected. In either case it is pathologic (Figure 1-26A). Examination Like its precursor, chronic apical periodontitis, the apical cyst is often found in a radiograph (Figure 1-26B). Unless it has grown to the point where it is moving teeth (which is pathognomonic of a cyst) or becomes infected and an abscess develops, the apical cyst may go unnoticed for years (Figure 1-26C). The involved tooth does not respond to thermal or electric stimulation and may be slightly discolored in transillumination. Percussion should be negative, but if the cyst has grown to the size where it perforates the cortical plate it may be palpated. Treatment Root canal treatment and periapical surgery are recommended for removing an apical cyst. Although evidence exists that a cyst may heal after the canal is disinfected and obturated, there is also evidence that some cysts do not heal when the causal irritant is removed. Because one does not know whether the cyst will resolve or continue to grow, it is recommended they be enucleated.
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Figure 1-26 A, Apical cyst with marked inflammatory overlay. Spaces indicate where crystalline cholesterol has formed from the fluid within the cyst. New bone formation (arrow) is also apparent. Courtesy of S. Matsumiya. B, Apical cyst. Growth has caused the movement of associated teeth, which is pathognomonic of a cyst. Perfectly round radiographic appearance is also characteristic but maybe confused with a granuloma, which is its precursor. C, Slow-growing, asymptomatic apical cysts may go unnoticed for years until revealed by radiography. Courtesy of C. Ames.
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Differential Diagnosis There are other lesions of nonpulpal origin that may be misdiagnosed as endodontic lesions: carcinoma and sarcoma, ossifying fibroma, cementoblastoma, central giant cell granuloma, nasopalatine duct cyst, enostosis, central ossifying fibroma, and ameloblastoma. Errors in diagnosis can be both health and life threatening. A good example is a case of ameloblastoma that went undiagnosed for 9 years as it proliferated across the midline from molar to molar. At one point an endodontist did root canal therapy on a premolar involved in the lesion that in no way resembled a typical periapical lesion (Figure 1-27). The patient who lost the mandible from first molar to first molar, sued for and received over $1 million (US).



Figure 1-27 Ameloblastoma that originated at the apex of a mandibular second premolar. It was ignored for years and then diagnosed as an apical granuloma, at which time root canal treatment was done. The ameloblastoma grew from first molar to first molar, and this huge section of the mandible had to be amputated and restored later.
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INSTRUMENTS, DEVICES, AND EQUIPMENT USED FOR DIAGNOSIS Along with patience, visual and mental acuity are the greatest assets one must have in making a proper diagnosis. One must learn to “listen with a third ear,” as well. In addition to training, experience, and knowledge, a few simple instruments are also very helpful—an explorer, dental mirror, and periodontal probe. Do the simple things first—look, listen, probe, and explore. Beyond that there are a number of devices that uncover or confirm the presence of dental disease: radiography, pulp testers (electric or thermal), bright illumination or transillumination, magnification, and local anesthesia.



Radiography: Film and Digital It goes without saying that radiography is our most valuable tool in endodontics. Through it we discover the unknown, prove the known, determine length and curvature of roots, make decisions concerning the adequacy of our treatment, and follow-up to assess eventual healing or lack thereof. We would be “blind” without these unseen rays. One must always be aware that a radiograph is a two-dimensional shadow of a three-dimensional situation. If in doubt, take another film from a different horizontal angle. Periapical radiolucencies may “move around” and “detach” from the apex, proving to be foramina rather than lesions (Figure 1-28). One canal can turn out to be two or even three canals. Learn to review one structure at a time. For example, follow around the lamina dura of each tooth in the film or the series before moving on to examine each crown in detail. Then follow the crest of the alveolar process all the way around. If the lamina dura at the apex disappears, look carefully under magnification to determine if resorption has taken place. This could open up the apical foramen, the “portal of exit” so to speak, signaling the loss of a normal “apical stop” so necessary during preparation and obturation (Figure 1-29). Anomalies should become apparent—dens evaginatus, dens invaginatus, palatogingival groove (Figure 1-30). Follow-up probing with a periodontal probe often confirms the radiographic diagnosis.
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Figure 1-28 Method used to determine the relationship of a radiolucency to the periapex of a tooth. A, The nasopalatine foramen is superimposed over the apex of the right central incisor. The right lateral is missing. B, By changing the horizontal projection, the shadow of the nasopalatine foramen is now superimposed over the apex of the left central incisor, proving that the radiolucent area is some distance lingual to the apex of both teeth.



The peculiar patterns of internal and external resorption or orthodontic root resorption should warn of future trouble. As previously stated, root-end condensing osteitis indicates chronic pulpitis, not to be confused with the early stages of cemental dysplasia (osteofibrosis). Huge, circular alveolar lesions spell out chronic apical periodontitis, or the “granuloma” of asymptomatic apical periodontitis, or an apical cyst (Figure 1-31). There are presently two methods that produce a radiographic image from x-ray exposure, the traditional intraoral film method and the so-called direct digital radiology. Both produce radiographic images of archival quality. In the first, unexposed film is placed in the mouth, sensitized by penetrating x-rays, and then chemically processed in the dark. In the second, a solid-state sensor is placed in the mouth and likewise sensitized by standard x-rays, but it is processed in a computer, from which it can be visualized on a monitor, stored, and printed out.
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Figure 1-29 Apical root resorption of an infected pulpless tooth, opening up the foramen “portal of exit,” thus destroying the “apical stop” so necessary during preparation and obturation. Courtesy of I. Brynolf .



A B



Figure 1-30 A and B, Dens evaginatus. A, Volcanic appearance of extra cusp. Direct access of bacteria to the pulp is possible. Courtesy of O. Carlson. B, Extension of pulp into evaginated defect. Courtesy of M.E. Palmer. Continued on the next page
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Figure 1-30 Continued. C and D, Palatogingival groove, also known as radicular lingual groove. C, Bacteria had ready access down the groove to the apex to infect the pulp. D, Extracted tooth showing the length and depth of the lingual groove. Courtesy of D.S. August.



Figure 1-31 Unicystic ameloblastoma. This solitary lesion has displaced teeth much as an apical cyst would do. Courtesy of R.J. Melrose.



Examination, Diagnosis, and Treatment



35



In some offices the traditional method may have a financial advantage, if only the cost of film, developing solutions, and a countertop developing hood (Figure 1-32) are considered. On the other hand, if one considers the staff time involved in developing and mounting films, the savings may disappear. Completely portable direct digital radiography involves an intraoral sensor attached by a cord to an interface board (PC Capture Card) that plugs into the USB port of a laptop computer, into which the software program has been entered by CD-ROM. Direct digital radiography has a number of advantages. Images can be grossly enlarged on the screen to be viewed by both the dentist and patient, contrast can be changed to improve quality, and if a hard copy is required, the images can be printed out from the computer, multiple times if necessary. Films are stored in the computer, not in file drawers. Another claimed advantage is less exposure time to radiation, a health improvement. The sensor can be left in the mouth while the image is reviewed on the monitor. If not satisfactory, the sensor may be moved and a new shot taken. There also is a saving in time over processing and mounting films. Moreover, the images can be transmitted over a telephone line to a colleague or an insurance company. Today there are three major competitors in the field. Direct digital radiography began in France in 1982 with Dr. Francis Mouyen as the progenitor, and in France Trophy RVG Ultimate Imaging is



Figure 1-32 Countertop developing hood (Dentsply/Rinn). Using a rapid developer and fixer, films may be developed in seconds right in the operatory.
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used, which is marketed in North America by Kodak. The DEXIS 6 system was developed in Germany and is marketed in North America by ProVision Dental Systems, Inc (Figure 1-33). Schick Digital Radiography is marketed in North America by Patterson Dental Supply. A



B



Figure 1-33 Completely portable direct digital radiography. DEXIS (ProVision Dental Systems, Inc.) A, PC Capture Card attached to an intraoral sensor. B, Capture card plugs into the USB port of the laptop computer, into which a software program has been entered from a CD-ROM. The image on screen is the last scanned endodontic procedure. Total input is stored in the computer, where it may be modified, printed out, retrieved at any time, enlarged on screen and shown to the patient, and transmitted to the referring dentist. Continued on next page
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Figure 1-33 Continued C, DEXIS intraoral sensor is activated by a standard x-ray beam, but in less exposure time. The rounded corners and flexibility make the sensor more comfortable for the patient.



Pulp Vitality Testing Currently there are two methods of testing for the vitality of the tooth pulp: thermal testing with heat or cold, and electric testing. Some swear by one method or the other. Truth be known, both methods have their place and are often complementary to each other.



Thermal Pulp Testing Cold testing can sometimes be made with a blast of cold air or with cold or ice water, with a stick of ice frozen in an anesthetic Carpule, with a spray of ethyl chloride or Fluori-Methane (Gebauer Chemical Co.) (Figure 1-34) on a cotton swab, or, better yet, a “stick” of CO2 dry ice. The Fluori-Methane swab is probably the easiest to use and ranks just behind the CO2 stick for efficacy. As noted above, cold is best used to determine reversible from irreversible pulpitis and/or necrosis. When using the ice stick, one must be aware that the ice water may drip on other teeth, giving a false reading. Hot testing is best done with a ball of hot baseplate gutta-percha placed on the moistened tooth. Hot water can also be used and is best in testing porcelain-fused-to-metal crowns. Again, the tested tooth must be isolated. Remember, if an aching tooth is heat tested, one must be ready to immediately counteract the pain response with cold water. Thermal testing is necessary for testing any crowned tooth.
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Figure 1-34 Fluori-Methane spray (Gebauer Chemical Co.) evaporates so rapidly it provides a very cold application for testing the vitality of pulps. Sprayed on a cotton pellet until frosted, it is applied immediately to the suspected tooth.



Electric Pulp Testing There are a number of electric pulp testers on the market, all similar in action but with variation in price. The best known are Vitality Scanner and Endoanalyzer (Sybron-Analytic, Orange, CA) and Digitest and Gentle Pulse (Parkell Co., Farmingdale, NY) (Figure 1-35). All have lip electrodes to complete the circuit. For comparison, more than the suspected tooth should be tested. Records should be kept of the number at which certain teeth respond so that comparisons can be made later. Confused or malingering patients can be fooled by purposely not applying the discharge and questioning them about their reaction to the “electricity.” In using the testers, the tooth must first be dried; toothpaste, as an electrical conductor, is then placed on the tip of the tester. Falsenegatives and false-positives may occur, so cross-checking with thermal testing and radiography is de rigueur.
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Figure 1-35 Electric pulp testers. All have lip electrodes to complete the circuit. Both Vitality Scanner and Endoanalyzer (Sybron-Analytic) and Digitest Vitality Tester (Parkell Co.) function in the presence of NaOCl, blood, and pus. Gentle Pulse (Parkell Co.) is an earlier model and is less expensive. A, Vitality Scanner and Endoanalyzer. B, Digitest Vitality Tester with digital readout. C, Gentle Pulse analog pulp tester.
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FINAL NOTES The various pulpal and periapical conditions that must be diagnosed and treated have been reviewed, along with the methods and devices used to establish a diagnosis. If one requires a more in-depth discussion of these matters one is referred to Endodontics by Ingle and Bakland, published by BC Decker, Hamilton, ON; e-mail: [email protected].
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