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The goal of the lesson:
1. To determine the difference between the impacted and unerupted teeth.

2. To learn about the evaluation of the impacted and half-impacted teeth.

3. To point out the basic technique of unerupted teeth’ extraction.

4. To become aware of the rigid indications and contraindications for impacted teeth’ removal. 

The management of impacted teeth is a basic component of most oral and maxillofacial surgery practices. Although the majority of impacted teeth are third molars, any other tooth may be impacted. The usual care for impacted third molars is removal; however, the care for impacted teeth other than third molars may include exposure (with or without attachment of an orthodontic bracket), uprighting, transplantation, or removal. These teeth often pose challenges in treatment planning and surgical care. This chapter includes information on incidence, etiology, evaluation, and surgical treatment options.
Incidence
The incidence of impacted permanent teeth has been addressed in several studies. Grover and Lorton examined 5,000 army recruits and found a high frequency of impacted teeth (Figure 7-1).1 Although

maxillary and mandibular third molars were the teeth most commonly impacted, 212 teeth excluding third and fourth molars were impacted. This study identified the maxillary canine as the tooth most likely to be impacted following maxillaryand mandibular third molars. Impactions of every permanent tooth were identified except the mandibular incisors and first molars. Thilander and Myrberg examined more than 6,000

Swedish school children and found a 5.4% prevalence of impacted teeth excluding

third molars.2 In an evaluation of 3,874 full-mouth radiographs, Dachi and Howell found the incidence of impacted canines in the maxilla to be 0.92% and of other non–third molar teeth to be 0.38%.3

This study also identified maxillary canines as the most commonly impacted teeth after maxillary and mandibular third molars. In a study of middle-aged and older Swedish women, Grondahl found approximately 25 non–third molar impacted teeth in 1,418 women evaluated. Again, the canine tooth was the most frequent non–third molar impaction identified, followed by premolars and second molars. This study examined an older population than did most of the other studies and had a lower incidence of non–third molar impacted teeth. Presumably symptomatic teeth and those with pathologic findings were removed at earlier ages in this population. These studies are all similar in identifying the maxillary canine as the tooth most likely to be impacted following third molars. The next most likely teeth to be impacted are mandibular bicuspids, followed by maxillary bicuspids and second molars. Impactions of first molars and incisors are

relatively uncommon. Although impaction of permanent teeth is a relatively common finding, the lack of eruption of a primary tooth is apparently quite rare. When it occurs it is almost always a mandibular molar. Submerged teeth are common in the primary dentition but generally reflect teeth that erupted into a normal position and later became ankylosed and secondarily submerged. Bianchi and Roccuzzo have identified 10 cases in the literature of the past 20 years that appear to illustrate primary impaction of deciduous teeth.6 A recent review suggests that primary tooth impaction is usually associated with defects in the development and eruption of the permanent successor, suggesting the need for long-term follow-up.
Etiology
The definition of an impacted tooth is “a tooth that can not, or will not, erupt into its normal functioning positions, and is, therefore, pathologic and requires treatment. Causes of impacted permanent teeth include systemic and local factors. Impaction of teeth in the hereditary syndrome of cleidocranial dysplasia (Figure 7-3) is more properly termed primary retention.5 Endocrine deficiencies (hypothyroidism and hypopituitarism), febrile diseases, Down syndrome, and irradiation are other systemic factors that may influence impaction of permanent teeth.9,10 In all of these systemic conditions, multiple teeth are generally involved. More commonly local factors are the cause of permanent tooth impaction. These factors include prolonged deciduous tooth retention, malposed tooth germs, arch-length deficiency, supernumerary teeth, odontogenic tumors abnormal eruption path, and cleft lip and palate.  Because the maxillary canine is relatively commonly impacted, it has been studied to identify the causes of this tooth impaction. Jacoby separates labially unerupted maxillary canines from palatally impacted canines in his evaluation of the cause of failure of eruption of these teeth.11 Labially unerupted canines tend to show a degree of arch-length deficiency, whereas palatally impacted canines do not. He stated that a canine might appear in a palatal position if extra space is available in the maxillary bone owing to either excessive growth, agenesis, or peg shape of the lateral incisor, or stimulated eruption of a lateral incisor or first premolar.11 In a review of impacted maxillary canines, Bishara stated that the presence of the lateral incisor root with normal length at the normal time is important to guide the canine in a proper eruptive direction.9 Impacted second molars have been studied to determine the cause of these impactions. Although maxillary second permanent molars are infrequently impacted, in a study of these impactions, Ranta found that the third molar was generally positioned occlusally and palatally in relation to the second molar, acting as an obstruction (Figure 7-4).13 In a similar study Levy and Regan identified the most probable cause of impaction of developing second molars as malposition of the tooth germs of the maxillary third molars.10 A typical finding was deformation of the mesial surfaces of the crowns and roots of the third molars. Raghoebar and colleagues stated that impaction of first molars is often diagnosed as ectopic eruption, whereas impaction of second molars is usually associated with archlength deficiency.5 Clinical problems have been identified associated with impacted permanent teeth. Failure of teeth to erupt into their normal position in the arch may result in problems that include malocclusion, loss of arch length, migration or loss of neighboring teeth, periodontal disease, root resorption of adjacent teeth, resorption (internal or external) of the impacted tooth, dentigerous cysts or odontogenic tumors, and pericoronitis.5,9
Evaluation
Clinical diagnosis of impacted permanent teeth is straightforward, involving clinical inspection that discloses the absence of the tooth in its normal position combined with the radiographic assessment showing the unerupted position of the tooth. Radiographic assessment of the impacted teeth is important in the preparation for surgical or orthodontic treatment. Most techniques for localization of an impacted tooth have been studied primarily with maxillary canines. These techniques, however, can be generalized to other teeth in the oral cavity. Ericson and Kurol have studied the radiographic appearance of ectopically erupting maxillary canines and have found that a palpable canine generally erupts in a relatively normal position.14 Most canines can be evaluated with accuracy from conventional periapical films. Axial or panoramic films were less useful.14 When polytomograms were used, root resorption was diagnosed with greater accuracy. This study indicated that the optimal age for evaluating an ectopically positioned canine was 10 to 13 years, depending on individual development.15 A study comparing plain film radiography with computed tomography (CT) showed CT to be superior in showing tooth and root shape, crown-root relationship, and tooth inclination. 16 However, the higher cost and radiation dose of CT limits its use to impacted teeth in unusual positions or in proximity to vital structures. Standard radiographic techniques may be used to localize the unerupted teeth. These include the tube shift method, buccal object rule, and periapical occlusal method.17 The tube shift method uses two periapical radiographs, shifting the tube horizontally between exposures. If the unerupted tooth moves in the same direction in which the tube is shifted, it is localized on the lingual or palatal side. A facial or buccally located tooth moves in the opposite direction to the tube shift.17 The buccal object rule uses two radiographs taken with different vertical angulations of the x-ray beam. An object located on the buccal side moves inferiorly with the beam directed inferiorly, whereas an object located in a lingual or palatal position moves superiorly. The periapical occlusal method uses the periapical radiograph taken with a standard technique and an occlusal radiograph to give two different views of the impacted tooth.17 Panoramic films can be used to assess maxillary canine position (Figure 7-5).18

This technique uses the property that an object closer to the tube (palatal) is relatively magnified, and is most accurate when the tooth is close to the alveolar crest. A study comparing magnification from a panoramic radiograph with a vertical parallax from occlusal and panoramic films showed a slight superiority for the vertical parallax method. Both methods were better at localizing palatal cuspids than labial cuspids.19
Surgical Treatment
Treatment of impacted permanent teeth must be based on clinical and radiographic evaluation as well as a determination of future risks. Clearly, teeth that are symptomatic, have caused infection in the surrounding tissues, or have radiographic evidence of development of changes (cyst formation, resorption of adjacent teeth, or root resorption of the impacted teeth) require surgical treatment. Treatment of the asymptomatic tooth must take into account many factors, including age, specific prevalence of pathologic conditions, severity of potential pathology associated with impacted teeth, progression of untreated conditions, frequency and severity of potential complications of treatment, potential patient discomfort and inconvenience associated with either treatment or nontreatment, and economic consequences of treatment.4 Methods of treatment of impacted permanent teeth include orthodontic assistance through surgical exposure with or without attachment of the tooth, surgical uprighting, transplantation, and surgical removal.
Exposure
Surgical exposure is a procedure that allows natural eruption of impacted teeth.9,20 Öhman and Öhman studied 542 impacted teeth in 389 patients.20 In this study the crowns of the teeth were surgically exposed with removal of tissues in the direction most appropriate for crown movement. The wounds were packed until they were totally epithelialized. The teeth were allowed to erupt for up to 24 months or until the greatest diameter of the crown reached the level of the mucosal surface. Of 542 teeth only 16 were failures (failure to erupt after 24 mo or with other complications). This study found that the teeth tended to show a change of inclination of the longitudinal access by rotation along the root. Age did not appear to be a factor in success, although most patients were < age 19 years.20 In a study of impacted premolars, Thilander and Thilander showed that surgical exposure alone resulted in eruption, provided that space was present in the arch.21

However, mesially tipped premolars had a poor prognosis and required orthodontic guidance. Laskin and Peskin believe that if exposure of teeth is to result in successful spontaneous eruption, it should be done as soon as it is determined that the tooth is not going to erupt spontaneously.22 More commonly, the technique of surgical exposure is combined with attachment of an orthodontic appliance to the tooth, allowing active guidance of the impacted tooth into an ideal position. Important factors in this technique are prior orthodontic treatment to provide adequate space within the dental arch for the impacted tooth, and anchorage. Many appliances have been advocated, including polycarbonate crowns and pins inserted into the structure of the tooth. Both of these techniques are used rarely because of the problems of availability of bonded orthodontic brackets/buttons. Wires placed around the cervical line of the tooth have been a common method of orthodontic guidance; however, this technique has been regarded as relatively invasive. A clinical report in 1981 identified external resorption as a possible sequela of the wide exposure at the cementoenamel

junction (CEJ) that is necessary for placement of a cervical wire.23 This complication was studied by Kohavi and colleagues in 1984 in 23 patients who had surgical exposure and attachment of a cervical wire to the tooth.24 The teeth were separated into two groups; one had “light exposure” for placement of a band not exposing the CEJ, and the second had “heavy exposure” involving the removal of bone, complete removal of the follicular sac, and full exposure of the CEJ. This study showed significantly more damaging effects of the heavy exposure technique, and the authors recommended avoiding exposure of the neck of the tooth for

placement of a cervical wire.24 Although the use of attachments such as rare earth magnets has been advised for the movement of teeth, the most common method is the placement of a bonded orthodontic bracket.25 This can usually be done with a conservative exposure of the tooth, removing only enough soft tissue and bone to place the bonded bracket, and avoiding exposure of the CEJ.9 Studies have compared simple exposure with packing to maintain a gingival path for eruption, with exposure and bonding of a bracket. Iramaneerat and colleagues found that there was no difference in total orthodontic treatment time for the two techniques.26 Pearson and colleagues  found that bracketing was more costly and more likely to require reoperation. 27 Nonetheless, placing a bracket is the more popular technique, perhaps owing to orthodontist preference and

patient comfort. For the most common type of non–third molar impaction, the maxillary palatal cuspid, the typical surgical exposure involves reflection of the full-thickness palatal flap, conservative exposure of the

tooth, and bonding of a bracket to its palatal surface (Figure 7-6). If the tooth is near the free edge of the flap, soft tissue may be removed to leave the crown exposed; the wound is then packed gently during the initial healing period. If the tooth is deeply impacted, it may be more appropriate to replace the soft tissue flap, bringing a wire attached to the bonded bracket through the soft tissues near the crest of the ridge. The technique of replacing the flap has been examined for its periodontal consequences. The clinical outcomes

show minimal effects of the closed eruption technique on the periodontium.28 Management of the cuspid that is impacted on the labial side follows the same general principles as for the palatally impacted cuspid. A position in the arch must be established by preliminary orthodontic treatment prior to cuspid exposure.

An additional important factor for thelabially impacted cuspid is preservation of attached mucosa adjacent to the cervical line of this tooth. Generally the most appropriate technique is to begin with a full-thickness mucoperiosteal flap to identify the position of the impacted tooth. The crown of the tooth is conservatively

uncovered, and a bonded bracket is attached; then vertical releasing incisions are made to provide a broadly based flap that is superiorly repositioned to cover the CEJ of the tooth. The bonded bracket helps to support the attached gingiva in this apical relationship (Figure 7-7). As the tooth is orthodontically moved into position, an adequate band of keratinized gingiva is present. Techniques that involve removal of the attached gingiva, leaving alveolar mucosa surrounding the cervical area of the tooth, are to be avoided. These basic principles of exposure of canines can be generalized to many other impacted teeth. Exposure and orthodontic

attachment of maxillary and mandibular bicuspids can be similar to those for maxillary canines. Often mandibular bicuspids are located relatively centrally in the alveolar process. This may also be true of mandibular molars. When this is the case, exposure from the coronal aspect of the tooth may be indicated. A bonded bracket may be placed on the occlusal surface of the tooth and orthodontic forces applied in a relatively vertical direction until the tooth is exposed sufficiently to place the orthodontic bracket in a more traditional position.
Removal
Surgical removal of impacted permanent teeth may be performed when other methods of treatment are unavailable. Basic surgical principles of radiographic assessment and careful surgical technique must be followed. Conservation of bone through conservative exposure and removal with sectioning of the tooth

should be considered. Impacted canines should be approached from the surface of the maxilla with which they are most closely associated. Labially impacted canines are frequently removed with an elevator technique, but palatal canines generally require removal of the crown followed by sectioning of the root. Longitudinal sectioning of the root of the palatal canine often is useful and may conserve bone. When a large palatal flap has been reflected, maintaining a palatal splint to support the soft tissues for several days prevents hematoma formation. Impacted maxillary bicuspids may be removed much like canines. Mandibular bicuspids are generally approached from the labial surface of the mandible. Care must be taken to preserve the integrity of the mental nerve when the impacted tooth is nearby.When the impacted lower bicuspid is lingually positioned, it is sometimes useful to identify the tooth through a lingual exposure; a labial flap then may be raised and a small hole placed in the labial surface of the bone to allow the bicuspid

to be pushed through to the lingual. Removal of impacted molars is similar to removal of impacted third molars.
Summary
Impacted teeth other than third molars are relatively common findings. Much can be done to preserve these teeth and allow their functional positioning within the dental arch. Surgical exposure with or without orthodontic guidance, surgical uprighting, and transplantation of teeth are valuable techniques that can be mastered by oral and maxillofacial surgeons. Although some studies have indicated that routine removal of impacted teeth is not necessary, removal is indicated in many different situations.
Impacted versus Unerupted Teeth
Not all unerupted teeth are impacted. A tooth is considered impacted when it has failed to fully erupt into the oral cavity within its expected developmental time period and can no longer reasonably be expected to do so. Consequently, diagnosing an impaction demands a clear understanding of the usual chronology of eruption, as well the factors that influence eruption potential. It is important to remember that eruption of lower third molars is complete at the average age of 20 years but that it can occur up to age 24 years. A tooth that appears impacted at age 18 years may have as much as a 30 to 50% chance of erupting fully by age 25 years, according to several longitudinal studies.11–13 It is fairly well established that the position of retained third molars does not change substantially after age 25 years,14 although there is some evidence of continued movement as late as the fourth decade.11 Many patients are evaluated for third molar removal in their late teens, and the surgeon must therefore attempt to discern the probable outcome of the eruption process based on more than tooth position alone. Numerous studies have evaluated the influence of various factors on the eruption potential of a lower third molar. Two factors consistently emerge as most prognostic: angulation of the third molar and space available for its emergence.15–19 By age 18 to 20 years, lower third molars that are horizontal or strongly mesioangular have much less eruption potential than do those that are oriented more vertically. Distoangular teeth are intermediate in their likelihood to erupt fully. However, the strongest hope of future eruption lies with those third molars that can be seen radiographically to have space at least as wide as their crown between the distal of the second molar and the ascending mandibular ramus. At age 20 years,

unerupted lower third molars that are nearly vertical and have adequate horizontalspace are more likely to erupt than to remain impacted. However, if the crownto- space ratio is > 1 or if the tooth orientation diverges substantially from vertical, the tooth is unlikely ever to erupt fully.
Indications for Removal of an Impacted Tooth
An impacted tooth can cause the patient mild to serious problems if it remains in the unerupted state. Not every impacted tooth causes a problem of clinical significance, but each does have that potential. A body of information has been collected based on extensive clinical experience and clinical studies from which indications for removal of impacted teeth have been developed. For some indications, there is lack of evidence-based data gained from long-term prospective longitudinal studies.
Pericoronitis Prevention or Treatment
When a third molar, usually the mandibular third molar, partially erupts through the oral mucosa, the potential for the establishment of a mild to moderate inflammatory response similar to gingivitis and periodontitis exists. In certain situations the patient may actually experience a severe infection, which may require vigorous medical and surgical treatment. The bacteria that are most commonly associated with pericoronitis are Peptostreptococcus, Fusobacterium, and Bacteroides (Porphyromonas). 20–22 Initial treatment ofpericoronitis is usually aimed at débridement of the periodontal pocket by irrigation of the pocket with an irrigation solution such as hydrogen peroxide or chlorhexidine, and surgical management by extraction of the opposing maxillary third molar and, occasionally, of the offending mandibular third molar. Severe cases of pericoronitis with systemic symptoms may warrant antibiotic therapy. Prevention of recurrent pericoronitis is usually achieved by removal of the involved mandibular third molar. Although operculectomy has been recommended for management of this problem, the soft tissue redundancy usually recurs owing to the relationship between the anterior border of the ramus and the fully or partially erupted mandibular third molar. Pericoronitis can occur whenever the involved tooth is partially exposed through the mucosa, but it occurs most commonly around mandibular third molars that have soft or hard tissue lying over the posterior aspect of the crown.23 Approximately 25 to 30% of impacted mandibular third molars are extracted because of pericoronitis or recurrent pericoronitis.14,24–27 Pericoronitis is the most common reason for removal of impacted third molars after age 20 years. With increasing age, the incidence of pericoronitis

as an indication for removal of impacted teeth also increases. 
Contradictions for Removal of Impacted Teeth
The decision to remove a given impacted tooth must be based on a careful evaluation of the potential benefits versus risks. In situations in which pathology exists, the decision to remove the tooth is uncomplicated

because it is necessary to treat the disease process. Likewise, there are situations in which removal of impacted teeth is contraindicated because the surgical complications and sequelae outweigh the potential benefits. The general contraindications for removal of impacted teeth can be grouped into three primary areas: advanced patient age, poor health, and surgical damage to adjacent structures.42
Extremes of Age
Healing generally occurs more rapidly and more completely in younger patients; however, surgical removal of unerupted third molars in the very young is contraindicated. Although some clinicians report that removal of the tooth bud of the developing third molar at age 8 or 9 years can be accomplished with minimal surgical

morbidity,43 the general consensus is that this is not a prudent approach. The original view was based on the belief that accurate growth predictions could be made and, therefore, that an accurate determination could be established regarding whether a given tooth would be impacted. If such a determination were the case, then the tooth bud could be removed relatively atraumatically in the very young patient. The evidence at this time, however, is contradictory to that opinion, and the general consensus is that removal of the tooth bud at this  As a patient becomes older there is decreased healing response,44 which may result in a greater bony defect postoperatively than was present because of the impacted tooth. Additionally, the surgical procedure grows more and more difficult as the patient ages owing to more densely calcified bone, which is less flexible and

more likely to fracture. As a patient ages, the response to surgical insult is tolerated less easily and the recuperation period grows longer. There is overwhelming clinical evidence to support the fact that the number of days missed from work and other normal activity following third molar extraction is much higher in the patient over age 40 years compared with patients under age 18 years. As a general rule, if a patient has a fully impacted third molar that is completely covered with bone, has no obvious potential source of communication with the oral cavity, and has no signs of pathology such as an enlarged follicular sac, and if the patient is over age 40, the tooth probably should not be removed. Long-term follow-up by the patient’s dentist should be performed periodically, with radiography performed every several years to ensure that no adverse sequelae are occurring. If signs of pathology develop, the tooth should be removed. If the overlying bone is very thin and a removable denture is to be placed over that tooth, the tooth should probably be removed before the final prosthesis is constructed.
Technique
The technique for removal of impacted third molars is one that must be learned on a theoretic basis and then performed repeatedly to gain adequate experience. There is more variety in presentation of the surgical situation of impacted third molars than in any other dental surgical procedure. Therefore, extensive experience is required to master their removal. A variety of textbooks are available that describe in detail the technique for removal of the different types of impactions.46,47 In general, the surgeon’s approach must gain adequate access to the underlying bone and tooth through a properly designed and reflected soft tissue flap. Bone must be removed in an atraumatic, aseptic, and non–heat-producing technique, with as little bone removed and damaged as possible. The tooth is then divided into sections and delivered with elevators, using judicious amounts of force to prevent complications. Finally, the wound must be thoroughly débrided mechanically and by irrigation to provide the best possible healing environment in the postoperative period.

The initial step in removing impacted teeth is to reflect a mucoperiosteal flap, which is adequate in size to permit access. The most commonly used flap is the envelope flap, which extends from just posterior to the position of the impacted tooth anteriorly to approximately the level of the first molar (Figure 8-1A and B). If the surgeon requires greater access to remove a deeply impacted tooth, the envelope flap may not be sufficient. In that case, a release incision is done on the anterior aspect of the incision, creating a three cornered flap. The envelope incision is usually associated with fewer complications and tends to heal more rapidly and with less pain than the three-cornered flap. The buccal artery is sometimes encountered when creating the releasing incision, and this may be bothersome during the early portion of the surgery. The posterior extension of the incision must extend to the lateral aspect of the anterior border of the mandibular

ramus. The incision should not continue posteriorly in a straight line because the mandibular ramus diverges laterally. If the incision were to be extended straight, the blade might damage the lingual nerve. High resolution magnetic resonance imaging has demonstrated that the lingual nerve may be intimately associated with the lingual cortical plate in the third molar region in 25% of cases and be above the lingual crest in 10%.48 The mucoperiosteal flap is reflected laterally to the external oblique ridge with a periosteal elevator

and held in this position with a retractor such as an Austin or Minnesota. The most commonly used incision used for the maxillary third molar is also an envelope incision (Figure 8-2A and B). It extends posteriorly from the distobuccal line angle of the second molar and anteriorly to the first molar. A releasing incision

is rarely necessary for the maxillary third molar (Figure 8-2C and D), although it may be useful when the occlusal surface of the third molar is at or superior to the midportion of the second molar root. The second major step is bone removal from around the impacted tooth. Most surgeons use a high-speed low-torque airdriven handpiece, although a few surgeons still choose to use a chisel for bone removal. The most recent advance is the relatively high-speed high-torque electric drill, which has some significant advantages in reducing the time required for bone removal and tooth sectioning. It is essential that the handpiece exhaust the air pressure away from the surgical site to prevent tissue emphysema or air embolism, and that the handpiece can be sterilized completely, usually in a steam autoclave. The bone on the occlusal, buccal, and cautiously on the distal aspects of the impacted tooth is removed down to the cervical line. The amount of bone that must be removed varies with the depth of the impaction. It is advisable not to remove any bone on the lingual aspect because of the likelihood of damage to the lingual nerve (Figure 8-3). A variety of burs can be used to remove bone, but the most commonly used are the no. 8 round bur and the 703 fissure bur. For maxillary teeth, bone removal is done primarily on the lateral aspect of the tooth down to the cervical line to expose the entire clinical crown. Frequently, the bone on the buccal aspect is thin enough that it can be removed with a periosteal elevator or a chisel using manual digital pressure. Once the tooth has been sufficiently exposed, it is sectioned into appropriate pieces so that it can be delivered from the socket. The direction in which the impacted tooth is divided is dependent on the angulation of the impaction. Tooth sectioning is performed either with a bur or chisel, but with the advent of high-speed drills, the bur is most commonly used because it provides a more predictable plane of sectioning. The tooth is usually divided three-quarters of the way through to the lingual aspect and then split the remainder of the way with a straight elevator or a similar instrument. This prevents injury to the lingual cortical plate and reduces the possibility of damage to the lingual nerve. The mesioangular impaction is usually the least difficult to remove. After

sufficient bone has been removed, the distal half of the crown is sectioned off from the buccal groove to just below the cervical line on the distal aspect of the tooth. This portion of the tooth is delivered, and the remainder of the tooth is removed with a small straight elevator placed at a purchase point on the mesial

aspect of the cervical line (Figure 8-4). An alternative is to prepare a purchase point in the tooth with the drill and use a crane pick or a Cryer elevator in the purchase point to deliver the tooth. The horizontal impaction usually requires the removal of more bone than does the mesioangular impaction. The crown of the tooth is usually sectioned from the roots and delivered with a Cryer elevator. The roots are then displaced into the socket that was previously occupied by the crown and are delivered into the mouth. Occasionally, they may need to be sectioned into separate portions and delivered independently (Figure 8-5). The vertical impaction is one of the more difficult ones to remove, especially if it is deeply impacted. The procedure for bone removal and sectioning is similar to that for the mesioangular impaction inthat occlusal, buccal, and judicious distal bone is removed first. The distal half of the crown is sectioned and removed, and the tooth is elevated by applying a small straight elevator at the mesial aspect of the cervical line (Figure 8-6). The option of preparing a purchase point in the tooth is also frequently used, as for the mesioangular impaction.

The most difficult tooth to remove is one with a distoangular impaction. After the removal of bone, the crown is usually sectioned from the roots just above the cervical line and delivered with a Cryer

elevator. A purchase point is then prepared in the tooth, and the roots are delivered together or sectioned and delivered independently with a Cryer elevator. Extraction of this impaction is more difficult because more distal bone must be removed and the tooth tends to be elevated posteriorly into the ramus portion of the mandible. Impacted maxillary third molars are rarely sectioned because the overlying bone is thin and relatively elastic. In patients with thicker bone, the extraction is usually accomplished by removing additional bone rather than by sectioning the tooth. The tooth should never be sectioned with a chisel

because it may be displaced into the maxillary sinus or infratemporal fossa when struck with the chisel 

Once the impacted tooth is delivered from the alveolar process, the surgeon must pay strict attention to débriding the wound of all particular bone chips and other debris. The best method to accomplish

this is to mechanically débride the socket and the area under the flap with a periapical curette. A bone file should be used to smooth any rough sharp edges of the bone. A mosquito hemostat is usually used carefully to remove any remnant of the dental follicle. Finally, the socket and wound should be thoroughly irrigated

with saline or sterile water (30 to 50 mL is optimal).49 Within certain limitations, the more irrigation that is used, the less likely the patient is to have a dry socket, delayed healing, or other complications. The incision should usually be closed by primary intention. The flap is returned to its original position, and the initial

resorbable suture is placed at the posterior aspect of the second molar. Additional sutures are placed as necessary.
Use of Perioperative Systemic Antibiotics
One of the primary goals of the surgeon in performing any surgical procedure is to prevent postoperative infection as a result of surgery. To achieve this goal, prophylactic antibiotics are necessary in some surgical

procedures. Most of these procedures fall into the clean-contaminated or contaminated categories of surgery. The incidence of postoperative infections in a clean surgery is related more to operator technique than to

the use of prophylactic antibiotics. Surgery for the removal of impacted third molars clearly fits into the category of clean-contaminated surgery; however, the exact incidence of postoperative infection is unknown. In the usual sense of the word, infection probably is a rare occurrence following third molar surgery. This means that it is unusual to see pain, swelling, and a production of purulence that requires incision and drainage or antibiotic therapy. The incidence of such infections is very low for most surgeons. In general, a competent experienced surgeon would expect to have an infection rate in the range of 1 to 5% for all third molar procedures.50 It is difficult, and probably impossible, to reduce infection rates below 5% with the use of prophylactic antibiotics. Therefore, it is unnecessary to use prophylactic antibiotics in third molar surgery to prevent postoperative infection in the normal healthy patient. Although the literature contains many articles that discuss the use of prophylactic perioperative antibiotics, there is essentially no report of their usefulness in the prevention of infection following third molar surgery.51,52 A more subtle type of wound healing problem that occurs after the surgical removal of the impacted mandibular third molar is so-called alveolar osteitis or dry socket. This disturbance in wound healing is most likely caused by the combination of

saliva and anaerobic bacteria. The use of prophylactic antibiotics in third molar surgery does, in fact, reduce the incidence of dry socket.Other techniques that reduce bacterial contamination of the socket, such as copious irrigation, preoperative rinses with chlorhexidine, and placement of antibiotics in the extraction socket, are also effective.53–60 Once again, the issue of risks versus benefits becomes important. Although systemic antibiotics are effective in the reduction of postoperative dry socket, they are no more effective than are local measures. The increase of antibiotic-related complications, such as allergy, resistant bacteria, gastrointestinal side effects, and secondary infections, is not outweighed by the benefits. Therefore, the use of perioperative systemic antibiotic administration does not seem to be valid.
Use of Perioperative Steroids
Just as the oral and maxillofacial surgeon desires to minimize the incidence of infection following third molar surgery, he or she also has a major interest in reducing the perioperative morbidity. The use of

corticosteroids to help minimize swelling, trismus, and pain has gained wide acceptance in the oral and maxillofacial surgery community. The method of usage, however, is extremely variable, and the most

effective therapeutic regimen has yet to be clearly delineated. There is little doubt that an initial intravenous dose of steroid at the time of surgery has a major clinical impact on swelling and trismus in the early postoperative period. However, if the initial intravenous dose is not followed up with additional doses of steroids, this early advantage disappears by the second or third postoperative day.Maximum control of swelling requires that additional steroids be given for 1 or 2 days following surgery. The two most widely used steroids are dexamethasone and methylprednisolone. Both of these are almost pure glucocorticoids, with little mineralocorticoid effect. Additionally, these two appear to have the least depressing effect on

leukocyte chemotaxis. Common dosages of dexamethasone are 4 to 12 mg IV at the time of surgery. Additional oral dosages of 4 to 8 mg bid on the day of surgery and for two days afterward result in the maximum relief of swelling, trismus, and pain. Methylprednisolone is most commonly given 125 mg IV at the time of surgery followed by significantly lower doses, usually 40 mg PO tid or qid, later on the day of surgery and for two days after surgery. High-dose short-term steroid use is associated with minimal side effects. It is contraindicated in the patient with gastric ulcer disease, active infection, and certain types of psychosis. The administration of perioperative steroids may increase the incidence of alveolar osteitis after third molar surgery, but the data are lacking as to the precise degree of increase. 
Complications of Impaction Surgery
Infection
An uncommon postsurgical complication related to the removal of impacted third molars is infection. The incidence of infection following the removal of third molars is very low, ranging from 1.7 to 2.7%.78 Infection after removal of mandibular third molars is almost always a minor complication. About 50% of

infections are localized subperiosteal abscess-type infections, which occur 2 to 4 weeks after a previously uneventful postoperative course. These are usually attributed to debris that is left under the mucoperiosteal flap and are easily treated by surgical débridement and drainage. Of the remaining 50%, few postoperative infections are significant enough to warrant surgery, antibiotics, and hospitalization. Infections occur in the first postoperative week after third molar surgery approximately 0.5 to 1% of the time. This is an acceptable infection rate and would not be decreased with the administration of prophylactic antibiotics.
Fracture
One of the most frequent problems encountered in removing third molars is the fracture of a portion of the root, which may be difficult to retrieve. In these situations the root fragment may be displaced into the submandibular space, the inferior alveolar canal, or the maxillary sinus. Uninfected roots left within the alveolar bone have been shown to remain in place without postoperative complications.79 The pulpal tissues undergo fibrosis, and the root becomes totally incorporated within the alveolar bone. Aggressive and destructive attempts to remove portions of roots that are in precarious positions seem to be unwarranted and may cause more damage than benefit. Radiographic follow-up may be all that is required.
Alveolar Osteitis
The incidence of alveolar osteitis or dry socket following the removal of impacted mandibular third molars varies between 3 and 25%. Most of the variation is most likely a result of the definition of the syndrome.

When dry socket is defined in terms of pain that requires the patient to return to the surgeon’s office, the incidence is probably in the range of 20 to 25%.2,80–87 The pathogenesis of alveolar osteitis has not been clearly defined, but the condition is most likely the result of lysis of a fully formed blood clot before the clot is replaced with granulation tissue. This fibrinolysis occurs during the third and fourth days and results in symptoms of pain and malodor after the third day or so following extraction. The source of the fibrinolytic

agents may be tissue, saliva, or bacteria.80 The role of bacteria in this process can be confirmed empirically based on the fact that systemic and topical antibiotic prophylaxis reduces the incidence of dry socket by approximately 50 to 75%. The periodontal ligament may also play a role in the development of alveolar osteitis. The incidence of dry socket seems to be higher in patients who smoke and in female patients who take oral contraceptives. 81, 82 Its occurrence can be reduced by several techniques, most of which are aimed at reducing the bacterial contamination of the surgical site. Presurgical irrigation with antimicrobial agents such as chlorhexidine reduces the incidence of dry socket by up to 50%.2 Copious irrigation of the surgical site with large volumes of saline is also effective in reducing dry socket.49 Topical placement of small amounts of antibiotics such as tetracycline or lincomycin may also decrease the incidence of alveolar osteitis.83–86 The goal of treatment of dry socket is to relieve the patient’s pain during the delayed healing process. This is usually accomplished by irrigation of the involved socket, gentle mechanical débridement, and placement of an obtundent dressing, which usually contains eugenol. The dressing may need to be changed on a daily basis for several days and then less frequently after that. The pain syndrome usually resolves within 3 to 5 days, although it may take as long as 10 to 14 days in some patients. There is some evidence that topical antibiotics such as metronidazole may hasten resolution of the dry socket.87 In summary, alveolar osteitis is a disturbance in healing that occurs after the formation of a mature blood clot but before the blood clot is replaced with granulation tissue. The primary etiology appears to be one of excess fibrinolysis, with bacteria playing an important but yet ill-defined role.Antimicrobial agents delivered by perioperative mouthrinses, topically placed in the socket, or administered systemically all help to reduce the incidence of dry socket. Mechanical débridement and copious saline irrigation of the surgical wound also are effective in reducing the incidence of dry socket. A rational approach may be to provide preoperative chlorhexidine rinses for approximately 1 week before surgery, irrigate the wound thoroughly with normal saline at the conclusion of surgery, place a small square of gelatin sponge saturated with tetracycline in the socket, and continue chlorhexidine rinses for 1 additional week. This combination approach should substantially reduce the incidence of dry socket.
Nerve Disturbances
Surgical removal of mandibular third molars places both the lingual and inferior alveolar branches of the third division of the trigeminal nerve at risk for injury. The lingual nerve is most often injured during soft tissue flap reflection, whereas the inferior alveolar nerve is injured when the roots of the teeth are manipulated and elevated from the socket. The generally accepted incidence of injury to the inferior alveolar and lingual nerves following third molar surgery is about 3%.66–69,88–90 Only a small proportion of these anesthesia and paresthesia problems remain permanent. However, there is a significant incidence of some minor alterations of sensation after injury caused by third molar surgery. As many as 45% of nerve compression injuries, which are typical in third molar surgery, result in a permanent neurosensory abnormality.91 Inferior alveolar nerve injury is most likely to occur in specific situations. The first and most commonly reported predisposing factor is complete bony impaction of mandibular third molars. The angulation classifications most commonly involved are usually mesioangular and vertical impaction. In some cases, nerve proximity to the root is indicated by an apparent narrowing of the inferior alveolar canal as it crosses the root or severe root dilaceration adjacent to the canal. Other well-documented radiographic signs are diversion of the path of the canal by the tooth, darkening of the apical end of the root indicating that it is included within the canal, and interruption of the radiopaque white line of the canal.92 In surgically verified inferior alveolar nerve injuries, the presence of more than one of these signs was highly sensitive but not highly specific for the risk of injury, whereas the absence of all of these signs had a strong negative predictive value.93 When they are noted on a preoperative evaluation of the radiograph, the surgeon should take extraordinary precautions to avoid injury to the nerve, such as additional bone removal or sectioning of the tooth into extra pieces, and the patient should be counseled in advance regarding his or her increased risk of nerve injury. When an injury to the lingual or inferior alveolar nerve is diagnosed in the postoperative period, the surgeon should begin long-term planning for its management including consideration of referral to a neurologist and/or microneurosurgeon. These issues are dealt with elsewhere in this textbook.
Rare Complications
The complications already discussed are the more common occurrences, accounting for the great majority of complications in surgery to remove impacted third molars. Several additional complications occur only rarely and are mentioned briefly. Maxillary third molars that are deeply impacted may have only thin layers of bone posteriorly separating them from the infratemporal fossa, or anteriorly separating them from the maxillary sinus. Small amounts of pressure in an errant direction can result in displacement of the maxillary

third molar into these adjacent spaces.When a maxillary third molar is displaced posteriorly into the infratemporal fossa, the surgeon should try to manipulate the tooth back into the socket with finger pressure placed high in the buccal vestibule near the pterygoid plates. If this is unsuccessful, the surgeon can attempt to recover the tooth by placing the suction tip into the socket and aiming it posteriorly. If both of these maneuvers are unsuccessful in recovering the tooth, the most effective technique is to allow the tooth to undergo fibrosis and to return 2 to 4 weeks later to remove it. If the tooth is asymptomatic, is not causing any restriction in jaw movement, and is not causing pain, the surgeon should consider leaving the tooth in place. If the decision is made to remove the tooth, three-dimensional localization of the tooth should be made before surgery is initiated. If the tooth is displaced into the maxillary sinus, retrieval is usually done by a Caldwell-Luc procedure at the same appointment. The surgeon should localize the tooth with at least a one-dimensional radiographic view and preferably a threedimensional study before performing the retrieval surgery.  Fracture of the mandible during the removal of impacted mandibular third molars is a rare occurrence. The typical situation is a deeply impacted third molar, most commonly in an older individual with dense bone. The surgeon places excessive pressure on the tooth with an elevator in an attempt to deliver the tooth or tooth section into the mouth; the fracture occurs, and the remaining portion of the tooth is easily retrieved. The surgeon should then perform an immediate reduction and fixation of the fracture. If the surgeon has the experience and the armamentarium available, rigid internal fixation with miniplates is an excellent choice in this unfortunate situation. Wire fixation and application of intermaxillary fixation is an acceptable alternative. Late mandible fractures usually occur 4 to 6 weeks following extraction in patients over age 40 years.
Cardiopulmonary resuscitation
Cardiac arrest
Cardiac arrest is of two kinds, cardiac asystole in which the heart is motionless, and ventricular fibrillation in which the action of the heart though present is uncoordinated and ineffective so that circulation is not maintained. The chief predisposing cause is cardiovascular disease and the immediate exciting factors are anoxia, or an overdose of drugs particularly the anaesthetic agent, and vagal stimulation.
Signs and symptoms
The pulse is absent in the carotid and other major arteries, the blood pressure cannot be recorded and bleeding stops from the operation wound. The respirations cease and the pupils are widely dilated and fixed. It must be remembered that the patient's best chance of survival rests in rapid transfer to a centre where specialist resuscitation facilities are available and there should be no delay in calling for help in this situation. 
Treatment
Cardiac massage is the only accepted remedy and every dental surgeon must be prepared to attempt itwithout delay;three minutes is the limit of anoxia that the brain will tolerate before irreversible changes take place. The anaesthetist (or the surgeon's assistant if the arrest occurs under local anaesthetic) lays the patient flat and maintains a clear airway by removing all obstructions, drawing the tongue forward and pushing the jaw forward by pressing at the angles. He insufflates the lungs, preferably using oxygen through an endotracheal tube or a face mask and ventilating bag.Where these are not available mouth-to-mouth breathing may be used.
Mouth to mouth respiration
After clearing the mouth and pharynx of debris and fluids, the neck is extended by flexing the head dorsally. The chin is drawn forward by grasping the lower jaw with one hand, whilst the other pinches the nostrils to seal them. The operator's wide open mouth is applied to the patient's (or an airway) to form an airtight seal. Air is then exhaled into the patient's mouth with sufficient force and volume to expand his lungs. The chest should be seen to rise and fall between each breath. This is repeated 12 to 18 times a minute. Where available a Brook airway or Laerdal pocket mask will facilitate artificial respiration.
Cardiac massage
The surgeon strips the patient's chest of all clothing preparatory to giving cardiac massage. External cardiac massageis given by lying the patient flat on a firm surface.T he operator kneels besideh im and placest he palm of one hand on the sternum just above the xiphisternum. The other hand is laid over the first. The arms are kept straight and with the whole weight of the body the sternumi s depresseda bout 5cm downwards. In this way the heart is compressebde tweent he sternuma nd the vertebralc olumn and the ventricles empty. Pressure is reapplied in this way 60 to 80 times a minute and if done satisfactorily a circulation can be maintained with a recordable blood pressure. In children the pressure should be less and applied to the middle of the sternum at a rate of 100 times a minute. To allow effective ventilation, insufflation is performed at every fifth upstroke of cardiac massage. Where one individual is faced with both tasks he will similarly insufflate the lungs twice between each flfteen strokes of cardiac massage. About ten minutes of this exercise is as much as one person can manage but massage should normally be continued till the heart starts beating normally or expert help, with a defibrillator, is available. If vital signs are restored, the patients should be turned into the recovery position while monitoring continues.

Answer the questions:
1.  What is the difference between unerupted and impacted teeth?

2.  What are the most significant causes of impacted ang half-impacted teeth?

3.  What data needs to be obtained to verify the diagnosis?

4.  What are the basic principles of theatment of impacted teeth?

5.  List the complications that may occur during the surgical removal of impacted teeth.
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