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A pioneer in all fields of surgery, Al-Zahrawi conceived and developed innumerable surgical techniques and instruments and, in 1000 CE, published the first surgical encyclopedia, Kitab Al Tasrif (The Method of Medicine), which spanned 30 volumes. For his monumental accomplishments and contributions to surgery, he earned the title Father of Modern Surgery. His way of thinking and his practice of surgery inspired many subsequent surgeons to achieve greatness and provided a beacon of light in the dark ages of Europe. In his many papers and manuals, he describes various operations and procedures that had never before been recorded. He wrote detailed descriptions of many surgical techniques, including cautery and wound management. Some have described him as the first plastic surgeon, notably for his attention to and methods of incision and use of silk thread suture to achieve good cosmesis. He devised about 200 surgical instruments, among them the surgical needle, scalpels, curettes, retractors, spoons, sounds, hooks, rods, and specula.

The street in Córdoba where his house still stands is named Calle Abulcasis in his memory. In 1977, the Spanish Tourist Board commemorated it in his honor with a bronze plaque that reads: “This was the house where lived Abu al-Qasim Al-Zahrawi.”
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PREFACE

The use of dental implants to restore missing teeth has steadily increased over the past three decades. It is perhaps not surprising, then, that the number of implant-related complications has grown as well. Numerous clinical studies involving dental implants have revealed encouraging outcomes; however, there is an element of risk associated with all clinical procedures, and these encouraging results may have given rise to unrealistic expectations. Despite careful planning, there is always a potential for surgical complications. Nevertheless, carrying out routine tasks with care and attention, choosing minimally invasive techniques when indicated, recognizing evidence of a developing problem, and giving prompt attention will reduce postoperative complications.

The successful outcome of any surgical procedure requires attention to a series of patient-related and procedure-dependent parameters. Sound knowledge of surgical anatomy and experience and training in the fundamentals of internal medicine are important prerequisites for predictable implant surgery. Also, adequate presurgical planning, appropriate quality and quantity of available bone, a well-executed surgical technique, good primary stability, a sufficient healing period, and detailed postoperative instructions are all factors that play a vital role in the success of dental implant surgery and osseointegration. Aging, changing health conditions, wear and tear, and inadequate professional maintenance are important variables influencing prognosis.

This book is designed as a self-instruction guide to the diagnosis and management of surgery-related complications and to the development of a protocol that allows for the early detection of potential surgical complications and how to avoid them. It is a well-documented fact that early detection of complications that are amenable to rescue therapies may reverse the fate of a failing implant or bone grafting procedure.

The evidence-based methods of complications management described in this book are not meant to preclude the clinical judgment of experienced clinicians but rather should be applied to either support or prompt them to rethink their chosen methods of therapy on the basis of existing evidence.
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PART 1

Identifying Preoperative Conditions That Could Lead to Complications


Complications


	1 Inadequate or Excessive Vertical Restorative Space

	2 Inadequate Horizontal Restorative Space

	3 Limited Jaw Opening and Interarch Distance

	4 Inadequate Alveolar Width for Optimal Buccolingual Positioning

	5 Maxillary and Mandibular Tori









COMPLICATION 1

Inadequate or Excessive Vertical Restorative Space

Vertical restorative space, or crown-height space, is the distance from the crest of the residual alveolar ridge to the occlusal plane of a planned restoration or to the opposing dentition. The amount of this space will influence your choice of prosthesis, restorative material, and surgical technique; therefore, it should be carefully measured intraorally or on properly articulated diagnostic wax-ups or master casts before surgery.1,2,3,4,5,6,7,8 Soft tissue thickness should also be assessed prior to surgery; thick soft tissue may yield greater vertical space than anticipated.

If the vertical restorative space is not considered until the implants have integrated and the patient is ready for restoration, the prosthetic outcome may be unacceptable. For example, the patient may require a different type of prosthesis than originally planned, need additional surgical procedures to correct the problem, or experience subsequent prosthetic failure, such as repeated porcelain or acrylic fracture.


Vertical space requirement for fixed restorations


Single-unit fixed restoration

In treatment planning a single-unit fixed restoration to replace a posterior tooth, the minimum vertical space needed for a cement-retained crown is 9 mm from the crestal bone to the occlusal plane of the opposing dentition or 6 mm from the soft tissue to the occlusal plane (Fig 1-1).

Components of the needed space are 3 mm cement, ceramic /metal substructure, and occlusal porcelain + 5 mm abutment height–1 mm abutment height typically below the soft tissue level + 2 mm peri-implant soft tissue = 9 mm. This space is reduced to 8 mm for a cement-retained prosthesis with a metal occlusal surface and 5 to 6 mm for a screw-retained prosthesis (Table 1-1). For an anterior crown, the space required is 1 to 2 mm greater to accommodate the longer abutment necessary for proper retention.

Ideally, the implant should be positioned 3 mm below the most apical point of the free gingival margin.9 Placement of the crown-abutment interface 1 mm below the most apical point of the free gingival margin will maintain the peri-implant biologic width (usually 2 mm).




Multi-unit fixed prosthesis

Space requirements for a multi-unit fixed prosthesis also vary by material. If the crown-height space is less than 15 mm, porcelain is the restorative material of choice rather than acrylic resin, which requires bulk for strength. If the space is 15 mm or greater, a hybrid prosthesis should be considered.




Vertical cantilever

Vertical cantilever, or the ratio of crown to implant, should be taken into consideration in the fabrication of a fixed implant-supported prosthesis.
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Fig 1-1 Vertical restorative space requirement for posterior single fixed cement-retained implant restoration with 3-mm-thick soft tissue.





Table 1-1 Minimum vertical space requirement (mm) from crestal bone to opposing dentition
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Vertical space requirement for removable restorations

The two types of removable implant prostheses are bar-retained and low-profile independent attachments (eg, ball and Locator [Zest] attachments).


Bar-retained overdenture

The bar-retained overdenture requires a minimum of 17 mm of crown-height space depending on the type of attachment used. The space is divided as follows: 3 mm bone to soft tissue + 1 mm soft tissue to bar (necessary for proper hygiene; Fig 1-2) + 5 mm bar height. The remaining 8 mm is the minimum required thickness for acrylic resin from the superior edge of the bar to the incisal edges of the denture teeth.




Ball- or Locator-retained overdenture

A ball- or Locator-retained overdenture requires a minimum of 14 mm crown-height space, or 3 to 4 mm less than that needed for a bar overdenture. The space is divided as follows: 3 mm bone to soft tissue + 2.5 to 3.5 mm abutment height + 8 mm acrylic resin thickness between the top of the ball Locator abutment and the incisal edges of the denture teeth (Fig 1-3).
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Fig 1-2 (a to c) Cast bar overdenture. A distance of 1 mm or more is maintained between the lower border of the bar and the soft tissues for adequate hygiene access.





Fig 1-3 (a to e) Ball-retained overdenture. These ball attachments have a higher profile than the Locator abutments, but this is acceptable in this scenario because there is adequate vertical restorative space.


[image: e9780867155402_i0007.jpg]




[image: e9780867155402_i0008.jpg]

Fig 1-4 (a) The ball abutment. (b) The ball abutment cap. (c) The low-profile Locator abutment.









Solutions for deficient vertical space

One or more of the following can be used to gain a satisfactory clinical result:



	Removal of hard tissue (alveoloplasty).

	Surgical removal of soft tissue.

	Use of a different abutment type, which can result in a gain of 1 mm or more of available vertical dimension. The Locator abutment has a height of approximately 2 mm, whereas ball attachments are 4 to 6 mm in height (Fig 1-4). The Locator abutment thus offers an advantage in clinical situations with limited vertical space.

	Selection of a different type of prosthesis, which can also result in a gain of 1 mm or more in available vertical height. As noted above, placement of a screw-retained rather than a cement-retained restoration or placement of a fixed instead of a removable prosthesis reduces space requirements considerably. In the presence of minimal bone resorption, fixed ceramic restorations will best accommodate limited interarch space; however, the cost of these prostheses is greater.

	Incorporation of a metal framework into an implant-supported complete denture. This step is recommended to provide sufficient strength while reducing vertical space requirements by 2 mm or more.

	Reduction of the amount of space between the framework and tissue to the minimum required. This can be accomplished in some cases without compromising hygiene access.

	Use of an alloy with a relatively high elastic modulus, such as a type IV extra-hard high-noble alloy. This may allow the fabrication of a framework with reduced occlusogingival dimension without compromising strength. The recommended occlusogingival dimension for type IV extra-hard high-noble alloy is 3.5 mm, compared with 6 mm for low-gold high-palladium alloys.10


	Orthodontic intrusion of teeth. This might be indicated if the vertical restorative space is compromised because of hypereruption of the opposing teeth.

	Fabrication of a traditional (non-implant-supported) fixed or removable prosthesis. This might be preferred over implant treatment in some clinical situations.






Solutions for excessive vertical space

Excessive vertical restorative space leads to excessive vertical cantilever. Solutions to this problem include:



	Use of surgical techniques to increase the height of the available bone, including block grafting, guided bone regeneration with barrier membrane or titanium mesh, or distraction osteogenesis

	Placement of traditional (non–implant-supported) partial or complete removable dentures.









COMPLICATION 2

Inadequate Horizontal Restorative Space

A minimum amount of horizontal space must be maintained between implants or between implants and natural teeth to prevent unnecessary bone loss or compromised esthetics that can result from invading that space.

The horizontal restorative space refers to the mesiodistal distance between implants, between an implant and a natural tooth, and between natural teeth.


Implant-to-implant space requirement

The distance between two implants, or interimplant distance, should be a minimum of 3 mm. When this distance is maintained, vertical bone loss resulting from crestal bone remodeling during establishment of the biologic width at the implant-abutment interface will have a minimal lateral or horizontal component. In a study by Tarnow et al,11 horizontal bone loss around implants at the crest was only 0.45 mm when the interimplant distance was greater than 3 mm and 1.04 mm when it was less than 3 mm.

The clinical significance of this phenomenon is that crestal bone loss increases the distance between the interproximal contact of the adjacent implant restorations and the crestal bone. This distance may determine whether the interdental papilla is present or absent, which has implications for both hygiene and esthetics.

It is important to note that for fixed-detachable, spark-erosion, and overdenture types of implant prostheses, the distance between implants can be less or much more than 3 mm; the 3-mm guideline applies primarily to the fixed partial denture–type of implant prosthesis.


Calculating ideal implant-to-implant space

There are three ways of calculating an ideal mesiodistal space between implants.


1. Width of implant crowns

The first formula, which is based on the width of the planned implant crowns, requires a diagnostic wax-up and is ideal for determining the space between implant centers (Fig 1-5):
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Fig 1-5 The distance between the centers of two adjacent implants (A) is calculated by adding B (width of crown 1 divided by 2) and C (width of crown 2 divided by 2).
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2. Papillary fill of interproximal space

The second method is less accurate; however, in most cases the result is close to the ideal distance between implants, which will vary in proportion to the diameter of the implants used (Fig 1-6):


R1 + R2 + 3 mm (where R = implant radius)


This method is based on the fact that, as discussed above, the horizontal distance between implants influences the appearance of the papillae,12 and a 3-mm interimplant distance most closely correlates with adequate papillary fill of the interproximal space.13


Fig 1-6 The distance between the centers of two adjacent implants (A) is calculated by adding 3 mm to the sum of implant 1 radius (R1) and implant 2 radius (R2).
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3. Standard distance

The third method is to allow a standard distance of 7 to 8 mm between narrow platform and regular platform implants and 8 to 9 mm between two regular platform implants or one regular and one wide platform implant. These distances are acceptable for restoration with a fixed prosthesis (Fig 1-7).


Fig 1-7 Standard distance (center-to-center) between implants of different diameters and optimal distance (edge-to-edge) between implants and natural teeth. NP, narrow platform; RP, regular platform; WP, wide platform.
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Implant-to–natural tooth space requirement


Calculating ideal implant-to–natural tooth space

There are two ways of calculating an ideal mesiodistal space between an implant and a natural tooth.


1. Width of implant crown

The first approach is similar to the first method described for calculating the mesiodistal space between implants, ie, it is based on the width of the planned implant crown (Fig 1-8):
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2. Standard distance

The second method is to place the edge of the implant 1.5 to 2.0 mm away from the adjacent root surface.14 Therefore, the following formula can be used:


1 to 2 mm + R (where R = implant radius)


This distance will prevent vertical bone resorption at the adjacent tooth; moreover, if bone loss occurs around the implant, it will not affect the adjacent tooth and vice versa (see Fig 1-7).
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Fig 1-8 An optimal way of calculating the distance between an implant and a natural tooth. Distance A is half of the width of the future implant crown.









Case examples

Figure 1-9 illustrates a case of incorrect implant positioning. An implant to replace the missing mandibular right first molar was placed 3 to 4 mm distal to the mandibular right second premolar so as to avoid damaging the premolar’s distally inclined root. As a result, the prosthesis has a large and biomechanically undesirable mesial cantilever. The proper course of action in this case would have been to adjust the root position of the second premolar by orthodontic intervention before implant placement. Figure 1-10 shows a case with ideal implant-tooth and interimplant distances.


[image: e9780867155402_i0015.jpg]

Fig 1-9 (a to d) The distance between the second premolar and the mesial implant is greater than ideal to avoid the inclined root. The result was an undesirable mesial cantilever of the implant prosthesis, which could have been avoided if the inclined root had been straightened using orthodontic treatment before implant placement.





Fig 1-10 (a to d) Clinical case with optimal distance of 3 mm between implants (edge-to-edge) and 2 mm between implants and natural teeth (edge-to-edge).
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Tooth-to-tooth space requirement


Anterior teeth

The minimum mesiodistal space required for treating loss of a single tooth in the anterior area with a dental implant is the implant diameter + 1.5 mm to the adjacent root on either side (ie, 3 mm). For example, a minimum distance of 6.5 mm is required for a 3.5-mm narrow platform implant, 7.5 mm if the implant diameter is 4.5 mm, and 8.5 mm if the implant diameter is 5.5 mm (Fig 1-11).

It is important to note that the distance of implant diameter + 3 mm is adequate for osseointegration but not necessarily ideal esthetically. Because the abutment diameter is usually wider than the diameter of the implant, 1 mm or more additional space is preferable for a more esthetic emergence profile of the implant crown. Alternatively, a smaller-diameter implant can be used.
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Fig 1-11 The minimum recommended distance for implant placement between two teeth is the diameter of the planned implant + 3 mm.







Posterior teeth

As in the anterior area, the mesiodistal distance of implant diameter + 3 mm between two natural posterior teeth is acceptable for placement of an implant. However, in the posterior region, there is often a problem of too much rather than not enough space. Although the natural molar is multirooted, it should be replaced by only a single implant. The placement of two implants to replace one missing molar is not recommended because it is surgically challenging, difficult to restore, and esthetically unacceptable to most patients. Moreover, the prosthesis must be configured such that an opening can be maintained between the implants for hygiene purposes, creating a so-called tunneled molar. Figure 1-12 demonstrates such a case.

If the alveolar ridge is wide (> 7 mm), a 5- or 6-mm-diameter implant should be used to replace one molar. Otherwise, one of the methods described below can be used for space management.


[image: e9780867155402_i0018.jpg]

Fig 1-12 (a to d) Restoration of a missing mandibular molar using two implants. Note that space is maintained between the two implants for hygiene access under the prosthesis.









Management of horizontal restorative space problems


Orthodontic treatment

If the edentulous area is not ideal for implant placement because of space concerns, orthodontic treatment can be initiated to increase or decrease the edentulous area. This may be especially helpful when space is excessive. Without such treatment, the restoration may be substantially wider than the diameter of the implant. The resulting torque, or moment of force, on the implant will increase as a factor of the magnitude and off-axis distance of occlusal forces applied (torque = force × distance; Fig 1-13), which has negative implications for the long-term outcome of the implant.




Enameloplasty

If only a small gain is needed in the mesiodistal dimension, enameloplasty may be adequate.




Smaller-diameter implants

Selective use of implants with a smaller diameter at the implant-abutment interface may be beneficial in some scenarios. Figure 1-14 shows replacement of a molar using a smaller-diameter (3.5-mm) implant, which is acceptable if the occlusal table on the crown is also small.
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Fig 1-13 Chewing forces applied at a distance (d) from the long axis of an implant will increase the moment of force applied onto the implant and cause bending in all directions.
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Fig 1-14 (a to e) Replacement of a missing first molar with a smaller-diameter (3.5-mm) implant. This is acceptable because the mesiodistal distance between the second premolar and the second molar is reduced as a result of mesial shifting of the second molar. Therefore, the occlusal table of the implant prosthesis can be considerably smaller than that of a normal-sized molar.







Narrow-diameter implants

For more substantial space deficiencies, narrow-diameter (1.8- to 3.0-mm) one- or two-piece implants have been used successfully for compromised horizontal restorative spaces for many years and are well documented in the literature15,16,17 (Fig 1-15). However, it is crucial to carefully assess biomechanical risk factors before using narrow-diameter implants.


 Features


	A reduced diameter at the neck of these implants makes it possible to conserve crucial millimeters of space when horizontal intertooth restorative space is compromised.

	A one-piece design eliminates the microgap between implant platform and abutment found in two-piece implants. Less crestal bone loss is observed around one-piece implants over time.



Indications

For the last 10 years, applications for narrow-diameter implants have included:



	Stabilization of full-arch dentures

	Single tooth replacement in compromised intertooth space situations

	Single tooth replacement in compromised interroot space situations

	Orthodontic anchorage

	Minimally invasive surgery as indicated




Fig 1-15 (a to f) A narrow (< 6-mm) lateral incisor space was restored using a narrow-diameter (3-mm) implant. This allowed sufficient space on each side of the implant for the papillae.
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COMPLICATION 3

Limited Jaw Opening and Interarch Distance


Limited jaw opening

The patient’s ability to open should be assessed before the intraoral examination begins. Normal opening is 40 mm from maxillary to mandibular incisal edge.18

If mouth opening is less than 40 mm, the implant surgeon may encounter difficulty when placing implants in the posterior region of the mouth. A specially designed ruler (Fig 1-16) can be used for this purpose.

Placement of implants in the posterior region when mouth opening is limited can result in excessively angulated implants. Figure 1-17 illustrates such a case. The distal implant could not be restored and therefore was left submerged and not put into function.
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Fig 1-16 A specially designed ruler is used to assess mouth opening for implant placement in the posterior region.
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Fig 1-17 (a and b) As a result of limited mouth opening, the implants were placed with incorrect angulation. The distal implant could not be properly restored from a biomechanical perspective and was therefore submerged.







Interarch distance

Hypererupted opposing teeth could interfere with implant placement even if jaw opening is adequate. In such a scenario, the occlusal plane of the hypererupted teeth should be corrected by enameloplasty or orthodontic intrusion. Furthermore, excessive coronal height of a tooth adjacent to the edentulous area may require the use of a drill extension; however, the patient’s limited opening may interfere with use of the extension. When it is not possible to use implant handpieces to place implants in the correct position and angulation, implant placement is contraindicated.







COMPLICATION 4

Inadequate Alveolar Width for Optimal Buccolingual Positioning


Posterior ridge deficiency

As previously noted, endosseous root-form implants distribute occlusal loads best when the forces are applied along the long axis of the implant body. When implants are placed in the posterior region, the center of the implant (during surgery, the pilot hole) should correspond to the central fossa of the planned implant restoration. This is easy to achieve if the implants are being placed in an immediate extraction site or in edentulous areas where minimal resorption has taken place (ie, recent extraction sites). Figure 1-18 illustrates a case of immediate implant placement. The alveolar ridge exhibited no buccolingual resorption at the time of implant placement, allowing the implant to be placed in an ideal position. When the implant body is located under the central fossa of the planned restoration, the occlusion can also be ideal, with the buccal cusp of the implant restoration overlapping the buccal cusps of the mandibular teeth.
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Fig 1-18 (a to d) The implant was placed immediately following tooth extraction in an optimal buccolingual position because there was adequate width of the alveolar ridge. The result is an implant prosthesis with ideal occlusion (ie, its buccal cusp overlaps the opposing mandibular buccal cusp).




In resorbed alveolar ridges where buccolingual bone loss compromises correct implant positioning, attaining axial loading requires the implant to be positioned lingually or palatally unless a bone augmentation procedure is performed. If no bone grafting procedure is to be performed to augment the width of the alveolar ridge, implants should be centered buccolingually in available bone and the restoration placed in either a cusp-to-cusp or reverse articulation (Fig 1-19), depending on the severity of the bone loss. Such positioning of the restoration will prevent buccal cantilever forces on the implant and minimize consequent damage to the implant from offset occlusal load forces. Figure 1-20 shows a patient with severe resorption in the posterior right quadrant of the maxilla. The patient declined veneer block bone grafting to augment the width of the alveolar ridge. The wax-up shows that reverse articulation is necessary if axial loading is to be maintained on the implants. A sinus elevation bone graft was performed with delayed implant placement, and clinical photos show the definitive prosthesis in reverse articulation.
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Fig 1-19 The implant should always be centered buccolingually in the available alveolar ridge unless a simultaneous bone grafting procedure is to be performed to increase alveolar width. However, the location of the implant prosthesis should be modified so that buccal cantilever of the implant prosthesis is avoided and occlusal forces are directed along the long axis of the implant. Therefore, depending on the location of the implant relative to the opposing dentition, the restoration may be in ideal occlusion (a), cusp-to-cusp contact (b), or even in reverse articulation (c).
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Fig 1-20 (a to g) A patient with compromised alveolar ridge width. The patient accepted sinus elevation treatment but declined veneer block augmentation to increase the width of the alveolar ridge. The result is the placement of implants in the middle of the available alveolar ridge with the implant prosthesis in a crossbite position to eliminate the buccal extension (cantilever) on the implant crowns.







Anterior ridge deficiency

Unlike buccolingual positioning in the posterior region (where the implant is placed under the central fossa of the planned restoration), the position of the implant in the anterior region depends on the type of prosthesis to be fabricated: screw-retained or cement-retained (Fig 1-21).

If the definitive restoration is to be cement-retained, the implant should be centered (and its pilot hole drilled) under the incisal edge of the planned implant crown. This is because the cement-retained abutment must be large enough to gain adequate retention. Centering the implant under the cingulum will make the cement-retained crown very bulky. However, the opposite is true if a screw-retained prosthesis is planned; that is, the implant should be centered under the cingulum of the planned crown. This is because the access hole for the abutment screw should not compromise esthetics. Cement-retained versus screw-retained implant prostheses are discussed further in complication 39 (see part 3).
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Fig 1-21 (a) In the anterior region, the buccolingual position of the implant depends on the type of prosthesis planned. For a screw-retained implant prosthesis, the position of the center of the implant is under the cingulum of the future crown (to provide for screw access without compromising esthetics); however, for a cement-retained prosthesis, the center of the implant is located under the incisal edge of the future crown. (b) The latter situation is better from a biomechanical point of view because the chewing forces are directed at the incisal edges and therefore will be along the long axis of the implant.




Figure 1-22 shows ideal buccolingual positioning of an anterior implant with a cement-retained restoration. Figure 1-23 shows ideal buccolingual positioning of a screw-retained prosthesis. A case of incorrect positioning toward the buccal aspect, which led to gingival recession and compromised esthetics, is shown in Fig 1-24.
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Fig 1-22 (a to e) Ideal buccolingual position of an anterior implant with a cement-retained prosthesis. The center of the implant is under the incisal edge of the implant crown.
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Fig 1-23 (a to d) Ideal buccolingual position of an anterior implant with a screw-retained prosthesis. The center of the implant is under the cingulum of the implant crown.





Fig 1-24 Excessive buccal positioning of an implant led to gingival recession and compromised esthetics.
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Treatment of alveolar ridge width deficiency

Bone grafting procedures can be used for augmentation of the width of a deficient alveolar ridge. Some of the most common procedures are:



	Guided bone regeneration with simultaneous or delayed implant placement (Fig 1-25)

	Alveolar ridge expansion with simultaneous or delayed implant placement (Fig 1-26)

	Block grafting with delayed implant placement (Fig 1-27)
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Fig 1-25 (a to g) A guided bone regeneration procedure is performed using particulate bone graft material and resorbable membrane to increase the width of the alveolar ridge for proper buccolingual implant positioning.
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Fig 1-26 (a to f) Alveolar ridge expansion using the split-ridge technique is performed simultaneously with implant placement to increase the width of the alveolar ridge.





[image: e9780867155402_i0033.jpg]

Fig 1-27 (a to f) A block grafting technique is used to increase the width of the alveolar ridge.










COMPLICATION 5

Maxillary and Mandibular Tori


Maxillary tori

A maxillary torus is a mass of dense cortical bone that is typically located at the midline of the palate. Indications for removal include (1) interference with a conventional or implant-supported denture, (2) speech impediment, (3) repeated trauma to the overlying mucosa during mastication, and (4) malignancy phobia of the patient.19 Before removal, the maxillary torus should be examined by computed tomography scan to rule out the possibility of pneumatization, in which the nasal cavity extends into the torus itself.20


Technique for removal


	For dentate patients, an impression is taken prior to surgery and a cast poured. The torus is removed from the cast, and a clear acrylic stent is made. Use of the stent postoperatively will assist in preventing hematoma formation and protecting the wound from irritation by food. However, if the patient wears a full or partial denture, the prosthesis can be relined with soft tissue conditioner after surgery and used as the stent (Fig 1-28).

	Anesthesia can be accomplished with bilateral greater palatine and incisive nerve blocks.

	A Y or double-Y incision is made, and a full-thickness flap is reflected to expose the torus21 (see Figs 1-28b and 1-28c).

	After the entire torus is fully exposed, a large round diamond bur with copious irrigation is the suggested method for removal (see Fig 1-28d).

	Once the torus has been completely removed (see Fig 1-28e), the area is irrigated, and the flap is trimmed and loosely sutured using interrupted Vicryl (Ethicon) or polytetrafluoroethylene (PTFE) suture material (see Fig 1-28f).

	The stent or the relined denture (see Fig 1-28g) should be worn for 2 weeks and must be removed at least twice a day for cleaning.






Complications and solutions


	The torus is usually covered by thin mucoperiosteal tissue. Care should be taken during flap elevation not to tear this thin and friable mucosa.

	Creation of an oronasal fistula is possible because of the thin nature of the palatal bone. It is better to leave some bony elevation rather than risk perforation into the nasal cavity.

	Sloughing of the mucosal flap is common and not a cause for concern because granulation tissue will eventually cover the defect. To minimize sloughing, trim away any friable or macerated tissues during closure.
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Fig 1-28 (a) Preoperative clinical condition of a maxillary torus. (b) A Y incision (for larger tori, a double Y may be used) is used to expose the maxillary torus. (c) A Molt 2/4 elevator is used to reflect a full-thickness mucoperiosteal flap. This step is done very gently to avoid tearing the friable mucosa of the flap. (d) A large, round diamond bur is used under copious irrigation to remove the torus. Care should be taken in this step not to perforate the nasal cavity. (e) The torus is completely removed. (f) The excessive tissue is removed, and the flap is sutured using PTFE suture material. (g) The denture is relined immediately after surgery using Coe Comfort (CC) tissue conditioning material. (h) Clinical condition 2 weeks after surgery.









Mandibular tori

Mandibular tori are typically located on the lingual surface of the mandible and can be bilateral, unilateral, or multiple. Indications for removal are the same as for maxillary tori.


Technique for removal


	Anesthesia is achieved with inferior alveolar block, lingual nerve block, and local infiltration.

	In an edentulous patient, a midcrestal incision of appropriate length is made to expose the entire torus (Fig 1-29a). If teeth remain, a lingual intrasulcular incision should be made.

	An envelope flap is reflected. With the use of a no. 557 fissure bur, the bone is scored at the intersection of the torus and the lingual body of the mandible (Fig 1-29b).

	The torus is removed with a bone file or large, round diamond bur. A Seldin retractor is placed under the torus to protect the floor of the mouth during the removal procedure (Fig 1-29c).

	The area is irrigated, excess soft tissue is trimmed (Fig 1-29d), and the flap is closed using interrupted Vicryl or PTFE suture material (Fig 1-29).






Complications and solutions


	A postoperative hematoma is a potential threat to the airway. Protecting the floor of the mouth from sharp or rotating instruments is necessary for the prevention of this potential complication.

	Displacement of bony chips and debris can lead to postoperative infection in the sublingual space. Limiting the depth of the flap and performing thorough irrigation can minimize the possibility of infection.

	It is important to use an electric or surgical handpiece to prevent the possibility of inducing tissue emphysema.




Fig 1-29 (a) Placement of midcrestal incision for the purpose of lingual mandibular torus removal. In dentate patients, the incision is placed in the lingual gingival sulcus. (b) Full-thickness flap is reflected and a 1- to 2-mm groove is created using a no. 557 fissure bur at the superior buccal border of the torus. (c) The envelope flap is reflected further to expose the entire torus, and then a Seldin retractor is placed under the torus to prevent any damage to the floor of the mouth as the torus is removed using a round diamond bur. (d) Excision of the extra soft tissue of the flap is performed, and then the area is irrigated. (e) The flap is closed with a continuous or interrupted suturing technique.
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PART 2

Intraoperative Complications in Implant Placement


Complications


	6 Incorrect Implant Angulation

	7 Malalignment

	8 Nerve Injury

	9 Irregular or Narrow Alveolar Crest

	10 Extensive Resorption of the Mandible

	11 Curved Extraction Socket

	12 Injury to Adjacent Teeth During Implant Placement

	13 Preoperative Acute and Chronic Infections at the Implant Site

	14 Retained Root Tips in the Implant Site

	15 Bleeding

	16 Overheating of the Bone During Drilling

	17 Stripping of the Implant Site

	18 Sinus Floor Perforation

	19 Nasal Floor Perforation

	20 Accidental Partial or Complete Displacement of Dental Implants into the Maxillary Sinus

	21 Accidental Displacement of Dental Implants into the Maxillary Incisive Canal

	22 Deep Implant Placement

	23 Shallow Implant Placement

	24 Complications in Flapless Implant Placement

	25 Aspiration or Ingestion of Foreign Objects

	26 Mandibular Bone Fracture

	27 Implant Fracture

	28 Excessive Torque During Insertion and Compression Necrosis

	29 Inadequate Initial Stability









COMPLICATION 6

Incorrect Implant Angulation

The implant must be angulated correctly in the buccolingual and mesiodistal planes for optimum function and esthetics.


Buccolingual angulation

Endosseous root-form implants distribute occlusal loads most effectively when forces are applied in an axial direction. An angulation of 15 degrees or less is considered acceptable. Even natural teeth are not straight, but rather perpendicular to the curve of Wilson, the lateral curve of the occlusal table formed by the inclination of the posterior teeth (Fig 2-1). However, as implant angulation approaches or exceeds 25 degrees, the supporting bone is severely compromised through transmission of occlusal forces (Fig 2-2a). Moreover, if an implant is inclined buccolingually and the prosthetic reconstruction is offset relative to the implant head for improved occlusion and/or esthetics, the inclination will introduce a bending moment on the implant and will lead to a few potential problems.
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Fig 2-1 Natural posterior teeth are perpendicular to the curve of Wilson. In order for posterior implants to be aligned with the direction of chewing forces, they should also be positioned perpendicular to the curve of Wilson; however, vertical placement is acceptable because it is a minimal deviation from the direction of chewing forces.
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Fig 2-2 (a) Buccal bone resorption does not justify implant placement with severe lingual angulation (ie, greater than 15 degrees), which potentially leads to many problems. (b and c) The appropriate solution is ridge augmentation using a bone grafting procedure to allow proper implant placement.





Off-axis loading

Potential biomechanical problems of an excessive lingual trajectory (see Fig 2-2a) include:



	Restoration fracture

	Retaining screw fracture

	Abutment fracture

	Implant body fracture

	Osseous destruction because of unfavorable loading

	Plaque accumulation under ridge lap pontics



Placement of an overly inclined implant is not an acceptable practice, especially for single-unit restorations. If it is not possible to place an implant with an angulation of 15 degrees or less, the treatment plan should be aborted and the implant placed in a different location, or implant placement should be delayed and the area grafted using techniques such as guided bone regeneration (GBR), block grafting (Fig 2-2b), or ridge splitting, to allow optimum buccolingual angulation (Fig 2-2).






Mesiodistal angulation

Natural teeth are perpendicular to the curve of Spee, the anteroposterior curve formed by the cusp tips of the posterior teeth (Fig 2-3).


Fig 2-3 Curve of Spee.
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Single implant cases

In single implant cases, excessive mesiodistal angulation should be avoided. The use of an angled abutment can compensate for slight inclinations (Fig 2-4); however, if the inclination is too severe, the implant should be removed and reinserted in a more upright position, either immediately or after a period of osseous healing.

To prevent excessive angulation, the surgeon should evaluate the position of the osteotomy after use of the pilot drill by placing a parallel pin in the pilot hole and taking a radiograph. If the angulation is not satisfactory, a Lindemann side-cutting drill can be used to adjust the angulation before continuing preparation of the implant site (Fig 2-5).


Fig 2-4 (a to i) The implant to replace the missing right lateral incisor was placed with imperfect angulation. However, the mesial inclination is mild, and the use of an angled abutment compensated for the inclination.
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Fig 2-5 (a to i) During the surgical placement of the implant, taking a radiograph after the use of the pilot drill is highly recommended to check the angulation. If the angulation is incorrect, then at this point a Lindemann drill can easily be used to correct the osteotomy location and/or angulation. However, if the osteotomy has been enlarged to 3.5 mm or more in diameter, then changing its location and/or angulation will be more challenging and often mandates aborting the procedure. In such cases, bone grafting material should be placed, and implant placement can be attempted again in 2 to 4 months.







Multiple implant cases

In multiple implant cases, mesiodistal inclination has a lesser influence on occlusal load transfer to the implant and does not increase destructive forces because the prosthetic superstructure redirects occlusal forces. In fact, implant anchorage can sometimes be improved by intentional placement of an implant at a mesiodistal angulation that locates it in dense bone structure remote from the intended implant position. Survival of mesiodistally angulated implants in multiple implant cases has been reported in the literature with success rates of 93% to 97.5%.1,2,3,4,5,6,7,8

In some cases, mesiodistally angulated implants can be an alternative to vertical ridge augmentation or sinus elevation surgery in patients with general or local contraindications to those procedures, such as medical issues, maxillary sinus pathology, or advanced age (Figs 2-6 and 2-7).
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Fig 2-6 (a and b) Inclining the distal implant avoided the need for sinus elevation surgery, extended the prosthesis distally without the need for a cantilever, and prevented the hypereruption of the mandibular teeth opposing the maxillary edentulous area. However, it is important to note that in both scenarios it is a multi-unit, not single, implant prosthesis.
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Fig 2-7 Inclining the distal implants avoided the need for vertical ridge augmentation in the posterior mandible and extended the prosthesis distally without a cantilevered section. This is a valid concept if the superstructure connects an adequate number of implants.












COMPLICATION 7

Malalignment

To help prevent malalignment, parallel pins can be used intraoperatively to confirm the orientation of the osteotomy, align implants to each other, and align implants to natural teeth. Pins can be placed into pilot holes or screwed onto the implants.

When multiple implants are to be placed, a pin can be placed in the first pilot hole and a radiograph taken to verify its position and angulation. If satisfactory, the pilot drill can be aligned parallel to the pin and the next pilot hole drilled. This procedure can be repeated as necessary (Fig 2-8). When the edentulous area has an adjacent natural tooth, the first pilot hole can be aligned to the long axis of its root (Fig 2-9).
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Fig 2-8 (a to d) Parallel pins are used to evaluate the implant osteotomy angulations, to parallel the implants to each other and to the natural teeth (if any), and to visualize the direction of the forces of occlusion.
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Fig 2-9 (a to d) The use of parallel pins in this clinical case enabled the placement of implants that are perfectly aligned to the adjacent natural tooth and to each other.








COMPLICATION 8

Nerve Injury

Nerve injury can occur at any stage of implant surgery. Nerves can be penetrated by the local anesthetic needle, lacerated by the scalpel during incision, stretched during flap reflection, damaged by osteotomy drills, or compressed during implant insertion.


Classification of nerve injury

In 1994, Day9 described three degrees of nerve injury:



	
Neuropraxia: Mild injury caused by compression or prolonged traction of the nerve that results in loss of sensation. Axons remain intact, and sensation typically returns within 4 weeks after surgery.

	
Axonotmesis: Severe compression or traction that damages the axon by edema, ischemia, or demyelination. There is a certain amount of damage to some axons, but the nerve structure itself remains intact. Partial sensation returns in 5 to 11 weeks, and sensation continues to improve over the following 10 months.

	
Neurotmesis: Loss of continuity of the axon and its encapsulating structures. Repair requires microsurgery, and typically the prognosis for full recovery is poor.






Symptoms of nerve injury

Symptoms of nerve injury fall into the following classifications:



	
Paresthesia: abnormal sensation

	
Hypoesthesia: reduced feeling

	
Hyperesthesia: increased sensitivity

	
Dysesthesia: unpleasant (painful) sensation

	
Anesthesia: complete loss of sensation



Spontaneous return of normal sensation after nerve injury depends on both the severity of the injury and the nerve involved. For example, a partial injury or transection involving the inferior alveolar nerve, with its bony canal to contain and direct regenerative fibers, is more likely to result in a spontaneous resolution of symptoms than a partial transection of the lingual nerve.




Prevention of nerve injury

Detailed knowledge of anatomy, careful treatment planning using computed tomography (CT) scan images and diagnostic wax-ups, surgical aids such as drill stoppers and computer-generated surgical guides, and careful manipulation of soft tissue can minimize the incidence of nerve injury. Dental specialists and general practitioners who place implants must discuss potential nerve injuries with patients and include this possibility on the consent form (see Appendix B). Specific recommendations for avoiding injury to the inferior alveolar, mental, mandibular incisive, lingual, and infraorbital nerves are provided in the following sections; in general, the implant surgeon should use common sense and avoid implant placement in areas with a high potential for injury.
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Fig 2-10 The main branches of the mandibular nerve.







Inferior alveolar nerve

The inferior alveolar nerve is a branch of the mandibular nerve, which is the third branch of the trigeminal nerve arising from the trigeminal ganglion. Unlike the other two branches (the maxillary and ophthalmic nerves), which are completely sensory, the mandibular nerve has both sensory and motor divisions.10

After passing through the foramen ovale and after giving off a meningeal branch, the mandibular nerve divides within the infratemporal fossa into sensory branches (auriculotem-poral, lingual, inferior alveolar, and buccal nerves) and motor branches that innervate the muscles of mastication (masse-teric, deep temporal, and pterygoid nerves) (Fig 2-10).

The inferior alveolar nerve carries motor fibers for the mylohyoid muscle and the anterior belly of the digastric muscle and sensory fibers that enter the mandibular canal through the mandibular foramen. There, it supplies the mandibular teeth with sensory branches called the inferior dental nerves. Anteriorly, the inferior alveolar nerve exits the canal through the mental foramen as the mental nerve. Damage to the inferior alveolar nerve will also alter sensation to areas supplied by the mental nerve.


Injury prevention

The following steps should be taken to minimize the possibility of injury to the inferior alveolar nerve:



	Use of CT scan images to determine the exact distance between the superior border of the inferior alveolar canal and the crestal bone at the planned implant site

	Maintenance of a 2-mm margin of safety between the apical end of the implant and the superior border of the inferior alveolar canal11


	Use of drill stoppers when possible to prevent overpenetration of the drill (Fig 2-11)

	Use of a computer-generated surgical guide such as a Sur-giGuide (Materialise) to place implants in the safest and most accurate manner possible

	Compensation for the slight additional length of the drill (the drills for most implant systems are approximately 0.5 to 1.0 mm longer than the implant being placed), especially when drilling near vital anatomical structures (Fig 2-12)
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Fig 2-11 Drill stoppers prevent overpenetration of the drill.
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Fig 2-12 The drills for most implant systems are approximately 0.5 to 1.0 mm longer than the implant being placed. The operator should take this into consideration when drilling in close proximity to vital anatomical landmarks.









Mental nerve

The mental nerve exits the body of the mandible through the mental foramen, usually between the apices of the first and second mandibular premolars. It provides sensation to the chin, lower lip, labial gingiva of the mandibular anterior teeth, and skin over the mandibular body.

The position of the mental foramen can safely be used as an indicator of available bone height because the inferior alveolar nerve generally rises prior to approaching the mental foramen from the molar region. An implant placed level with the superior border of the mental foramen as it appears on a panoramic radiograph would be in reality lingual to the nerve (Fig 2-13).

It is important for clinicians to be aware of the anterior loop of the mental nerve, which traverses inferiorly and anteriorly to the mental foramen before turning back to exit the foramen.12 The nerve may be found anterior to the mental foramen by as much as 3 mm.13 If an implant is planned mesial and inferior to the foramen, its most posterior extent should be at least 5 mm anterior to the mesial aspect of the foramen (ie, 3 mm to allow for the mental loop plus 2 mm as a safety margin).
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Fig 2-13 Distance A is the height of the available bone as seen on a panoramic radiograph. However, in reality (and as can be seen on a cross-sectional CT view), the actual distance (B) is greater because the inferior alveolar nerve rises as it approaches the mental foramen (compared with its height in the molar region).





Injury prevention

Several important surgical considerations will prevent damage to the mental nerve:



	The pilot drill should penetrate crestal bone 7 to 8 mm anterior to the most mesial aspect of the mental foramen to avoid drill penetration though the anterior loop (3-mm anterior loop + 2-mm safety zone + the implant radius) (Fig 2-14).

	Flap-releasing incisions mesial to the mental nerve should terminate just superior to the mucogingival junction.

	In a mandible with extensive resorption, the mental foramen may be located on the crest of the ridge. When that happens, the crestal incision should be placed toward the lingual (Fig 2-15) and the full-thickness flap carefully reflected until the foramen is identified. In some situations, a flapless insertion protocol should be followed to avoid damaging the mental nerve and its branches (see complication 10).
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Fig 2-14 Implants can be placed anywhere mesial to the mental foramen as long as they are placed above its level. However, if implants are placed mesial to the mental foramen and below its level, then the pilot hole (ie, the center of the implant) should be located no less than 7 mm from the most mesial border of the mental foramen (3-mm anterior loop of the mental nerve + 2-mm safety margin + the radius of the implant (R) = 7 mm or more).
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Fig 2-15 In a severely resorbed mandible, the mental foramen may be located on the crestal ridge. This should betaken into consideration if a midcrestal incision is to be made.









Mandibular incisive canal and nerve

The inferior alveolar nerve splits,14 typically in the vicinity of the molars, into the mental nerve (to supply the skin of the mental foraminal region, the lower lip, the mucous membrane, and the gingiva) and the incisive nerves (to supply the mandibular anterior teeth). However, in some cases, the incisive nerve might present as a true canal with large lumen (0.48 to 2.90 mm),15 extending anteriorly and inferiorly from the mental foramen, usually 8 to 10 mm from the lower border of the mandible. The incisive canal cannot be detected clearly on conventional radiographs; therefore, CT scans are recommended for proper assessment (Fig 2-16).

The existence of this canal can be problematic for the implant surgeon because, as an extension of the inferior alveolar nerve, it should be considered to contain the same neurovascular elements.16 Osteotomies that would traverse this canal therefore must be avoided. Note that the position of the incisive canal, if present, will be closer to the alveolar crest in a resorbed mandible.


Injury prevention

The incisive canal must be taken into consideration when treatment planning implants in the intraforaminal zone.17
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Fig 2-16 Three-dimensional (a and b) and panoramic (c) CT images of the mandibular incisive canal. Note the continuation of the inferior alveolar canal into the anterior mandible.









Lingual nerve

The lingual nerve, a branch of the mandibular nerve, descends to the base of the tongue just anterior and slightly medial to the inferior alveolar nerve18 (see Fig 2-10) and supplies sensory innervation to the anterior two-thirds of the tongue. The lingual nerve receives taste fibers from the chorda tympani, a branch of the facial nerve.19 It is anesthetized during the inferior alveolar nerve block.

The lingual nerve is typically located immediately medial to the lingual cortical plate of the mandible, below the crest of the ridge and posterior to the third molar roots. It is covered in this area by a thin layer of oral mucosa and may be visible clinically. Dental procedures in this region risk damage to this nerve. In a magnetic resonance study, Miloro and colleagues20 found that the nerve crosses over the retromolar pad in 10% of patients, leading to a higher risk of traumatiza-tion during flap elevation, retraction, and suturing.


Injury prevention

Transecting the lingual nerve will anesthetize the tongue, decrease saliva flow from the submandibular gland, and affect taste. This can be avoided by:



	Placement of the distal releasing incision at 30 degrees toward the buccal in the retromolar pad area to avoid transecting the lingual nerve in case it crosses the retromolar pad

	Careful and gentle reflection of the lingual flap in the posterior mandibular region

	Avoidance of lingual releasing incisions21









Infraorbital nerve

The infraorbital nerve is a branch of the maxillary nerve, which is the second branch of the trigeminal nerve arising from the trigeminal ganglion. After giving off a meningeal branch, the maxillary nerve passes through the foramen ro-tundum into the pterygopalatine fossa, where it divides into the zygomatic nerve, the pterygopalatine nerves, and the infraorbital nerve.

The infraorbital nerve passes through the infraorbital fissure into the orbit and through the infraorbital canal to the cheek, where it innervates the skin between the lower eyelid and the upper lip. It gives off the posterior superior alveolar nerves to the maxillary molars, the medial superior alveolar nerves to the maxillary premolars, and the anterior superior alveolar nerve to the maxillary canines and incisors.22


Injury prevention

This nerve can be damaged during flap reflection for a lateral window sinus elevation procedure or for implant placement in the anterior area of a highly resorbed maxilla. Chances of damaging the infraorbital nerve can be minimized by the following:



	A three-dimensional CT scan of the infraorbital foramen prior to surgery

	Flap reflection that remains inferior to the infraorbital foramen

	Gentle management of soft tissue

	Careful use of retractors to avoid encroaching on the nerve








Management of nerve injuries

If there is a concern that nerve damage has occurred during implant placement, the situation should be assessed soon after the injury. First, a CT scan should be obtained to determine if the altered sensation is due to impingement by the implant or is the sequela of soft tissue manipulation and edema. If the implant itself appears to be the cause of altered sensation, it should be removed. If, however, the problem is pressure on the nerve because of bony compression by the implant, it may be relieved by withdrawing the implant 1 to 2 mm. Because altered sensation can be caused by an inflammatory reaction, a 3-week course of a steroidal or nonsteroidal anti-inflammatory drug such as 800-mg ibuprofen may be merited.23 If improvement is noted, the clinician can prescribe an additional 3 weeks of anti-inflammatory treatment.

Medicolegally, it is important to document the patient’s level of dysfunction postinjury, preferably the day after surgery when the effects of the anesthetic have worn off. The area of decreased or altered sensation should be outlined and described in detail, including its type and duration and suspected factors (eg, anesthesia, flap reflection, compression from implant placement). If a lingual nerve injury is suspected, taste sensation can be tested with salt and sugar. In suspected inferior alveolar and mental nerve injuries, sensitivity of the lip and gingiva can be tested with a cotton swab, thermal sensitivity with ice and a warmed mirror handle, and ability to distinguish direction of movement with a soft brush on the lip and chin with eyes closed. The examination should be repeated after 1 month. At this time, complete loss of sensation, diminishing sensation, or spontaneous pain are signs that normal sensation is unlikely to return spontaneously. Prompt referral to a microneurosurgeon is indicated. If improvement is noted at follow-up appointments, more time for spontaneous resolution—up to 4 months—can be allowed prior to surgical intervention.
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