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1. Introduction
Dental implant surgery has become routine treatment in dentistry and is generally
considered to be a safe surgical procedure with a high success rate. However, complications
should be taken into consideration because they can follow dental implant surgery as with
any other surgical procedure. Many of the complications can be resolved without severe
problems; however, in some cases, they can cause dental implant failure or even lifethreatening circumstances. Avoiding complications begins with careful treatment planning
based on accurate preoperative anatomic evaluations and an understanding of all potential
problems. This chapter contains surgical complications associated with dental implant
surgery and management.

2. Complications associated with implant surgery
2.1 Hemorrhage
The submental artery (2mm in average diameter) (Greenstein et al., 2008 as cited in
Hofschneider et al., 1999) is a branch of the facial artery. The sublingual artery (2 mm in
average diameter) arises from the lingual artery and is found coronal to the mylohyoid
muscle (Greenstein et al., 2008 as cited in Martin et al., 1993). The arterial blood supply of
the floor of the mouth is formed by an anastomosis of the sublingual and submental arteries.
In the canine area, the vessels are located closer to the lingual plate and alveolar crest than
they are in more posterior areas (Dubois et al., 2010). Intraosseous hemorrhage is not a
serious event, and control of the hemorrhage can be ensured by compressing the area with a
directional indicator, an abutment, or the implant (Annibali et al., 2009). However, severe
bleeding and the formation of massive hematomas in the floor of the mouth are the result of
an arterial trauma. A vascular wound may occur after detrimental surgical manipulations or
tearing of the lingual periosteum, but in most cases, it is attributed to perforations of the
lingual cortical plate. Mechanical pressure exerted by the expanding hematomas displaces
the tongue and floor of the mouth both superiorly and posteriorly (Kalpidis & Setayesh,
2004). This occurrence may lead to extensive bleeding into the submandibular space,
resulting in a life-threatening acute airway obstruction within the first few hours after
surgery (Goodacre et al., 1999). The hemorrhage can easily spread in the loose tissues of the
floor of the mouth (Fig. 1.), the sublingual area, and the space between the lingual muscles,
which may require intubation or an emergency tracheostomy (Dubois et al., 2010). The
surgeons also should consider other sources of potential hemorrhage and subsequent
hematoma formation, including injuries to muscles or other soft tissues (Isaacson, 2004) (Fig.
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2.). The escalating symptomatology of massive bleeding and progressive respiratory distress
strongly resemble the clinical development of Ludwig’s angina. Most important is the
immediate bimanual compression at the suspected site of perforation and transport of the
patient to the nearest hospital to secure the airway without delay (Dubois et al., 2010).

Fig. 1. A severe hematoma on the anterior floor of the mouth after implant placement in the
anterior mandible.

Fig. 2. Ecchymosis on the chin after implant placement in the anterior mandible.
Once the airway is controlled, efforts are undertaken for the definitive resolution of the
hemorrhage (Kalpidis & Setayesh, 2004 as cited in Givol, 2000). Hemorrhages can be
controlled by gauze tamponage, application of hemostatic agents, cauterization, or digital
compression. If a hemorrhage cannot be controlled by these methods, ligation of the
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bleeding vessel should be performed. An endovascular angiography is an alternative
diagnostic tool that can overcome unsuccessful attempts to define and isolate the bleeding
source (Fig. 3.) (Kalpidis & Setayesh, 2004). Incisions in the mucosa to relieve the hematoma
should be avoided because they may promote further bleeding. The removal of an already
inserted implant would also be ineffective (Fig. 4.) (Kalpidis & Setayesh, 2004) (Table 1).

Fig. 3. A schematic representation of the arterial anatomy in the floor of the mouth (Kalpidis
& Setayesh, 2004).

Fig. 4. A flow diagram of airway management and control of massive hemorrhage in the
floor of mouth associated with implant placement in the anterior mandibular region
(Kalpidis & Setayesh, 2004).
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Bleeding site during
implant osteotomy
Posterior mandible
Middle lingual of
mandible
Anterior lingual of
mandible
Invading the mandibular
canal

Arteries

Treatments

Mylohyoid

Finger pressure at the site
Surgical ligation of facial and lingual
Submental
arteries
Terminal branch of
Compression, vasoconstriction,
sublingual or submental
cauterization, or ligation
Inferior alveolar artery

Bone graft

Table 1. Treatment of a hemorrhage at an implant osteotomy site (Park & Wang, 2005)
To prevent unintentional hemorrhages in cases involving the immediate placement of
implants or recent tooth extractions, the practitioner should be careful not to use the
extraction socket as a guide for angulation because this may lead to the perforation of the
lingual cortex (Isaacson, 2004 as cited in Givol, 2000). Soft-tissue management during the
procedure is essential, and clinicians should make every attempt to avoid subperiosteal
tears (Isaacson, 2004).
2.2 Neurosensory disturbances
The inferior alveolar nerve is midway between the buccal and lingual cortical plates in the first
molar region (Tammisalo et al., 1992). In about 1% of patients, however, the mandibular canal
bifurcates in the inferior superior or medial lateral planes. Thus, a bifurcated mandibular canal
will manifest more than one mental foramen. This may or may not be seen on panoramic or
periapical films. Accordingly, Dario suggested that clinicians should consider obtaining a
preoperative tomogram to avoid nerve injuries prior to implant placement above the inferior
alveolar canal (Greenstein & Tarnow, 2006 as cited in Dario, 2002).
A mean incidence of neurosensory disturbance incidence after implant surgery was 6.1%
(Goodacre et al., 1999) to 7% (Goodacre et al., 2003), with a range between 0.6% and 39%.
Nerve damage can have results ranging from mild paresthesia to complete anesthesia or
even disabling dysesthesia (Table 2).

Neurapraxia
Axonotmesis
Neurotmesis

There is no loss of continuity of the nerve; it has been stretched or has
undergone blunt trauma. The parasthesia will subside, and feeling will
return in days to weeks.
Nerve is damaged but not severed; feeling returns within 2 to 6 months.
Severed nerve; poor prognosis for resolution of parasthesia.

Table 2. Classification of nerve injuries (Greenstein & Tarnow, 2006 as cited in Jalbout &
Tabourian, 2004)
Possible causes of nerve injury include poor flap design, traumatic flap reflection, accidental
intraneural injection, traction on the mental nerve in an elevated flap, penetration of the
osteotomy preparation and compression of the implant body into the canal (Fig. 5.)(Misch &
Wang, 2008). Nerve injuries may be caused indirectly by postsurgical intra-alveolar edema
or hematomas that produce a temporary pressure increase, especially inside the mandibular
canal. Direct traumas are the most frequent causes of nerve injury, and they may occur
through five mechanisms: compression, stretch, cut, overheating, and accidental puncture
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(Annibali et al., 2009). Finally, prolonged pressure from neuritis may lead to the permanent
degeneration of the affected nerve (Park & Wang, 2005).

Fig. 5. An inferior alveolar nerve injury after implant placement of #47.
The mental nerve is at particular risk of iatrogenic injury because it arises from asymmetric
foramina and forms a concave loop anteriorly. In edentulous patients, it may be very close
to the bone surface or the top of the crest.
The nerve injury may cause one of the following conditions: parasthesia (numb feeling),
hypoesthesia (reduced feeling), hyperesthesia (increased sensitivity), dysthesia (painful
sensation), or anesthesia (complete loss of feeling) of the teeth, the lower lip, or the
surrounding skin and mucosa (Greenstein & Tarnow, 2006 as cited in Sharawy & Misch,
1999).
Overpenetration occurs when the cortical portion of the alveolar crest places resistance on
the drill. However, as it enters the marrow spaces, a drill may drop into the neurovascular
bundle unless the surgeon has excellent control (Misch & Wang, 2008).
For implants placed in the atrophic posterior mandible, the routine use of intraoperative
periapical radiographs during the drilling sequence can help avoid the risk of injury to the
inferior alveolar nerve. Periapical radiographs used intraoperatively to obtain working
length measurements are similar in concept to techniques used in root canal therapy. This
method can reliably determine safe distances between the implant and the inferior
alveolar canal, thus avoiding the risk of injury to the nerve altogether (Burstein et al.,
2008).
The appropriate magnification correction factor should be used, and drill guards can be
placed on burs to avoid the unintentional overpenetration of the drill. A safety margin of 2
mm between the entire implant body and any nerve canal should be maintained (Greenstein
et al., 2008, as cited in Greenstein & Tarnow, 2006; Worthington, 2004). Additionally,
surgical placements of implants should be at least 3 mm in front of the mental foramen
(Greenstein & Tarnow, 2006). When placing implants in proximity to the mental foramen,
the clinician must take into consideration the anterior loop of the nerve and the available
bone above the mental foramen, because the inferior alveolar nerve often rises as it
approaches the mental foramen (Kraut & Chahal, 2002). Finally, although the depths of the
implant bur are variable, the drill bur may be longer than the implant according to the
manufacturers (Table 3).
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Be sure to include nerve injury as an item in
the informed consent document.
Measure the radiograph with care.
Apply the correct magnification factor.
Consider the bony crestal anatomy:
If the ridge is thin buccolingually, is this
useless bone or should an augmentation
procedure be done?
Is the buccolingual position of the crestal
peak
of
bone
influencing
the
measurement of available bone?
Consider the buccolingual position of the
nerve canal.
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Use coronal true-size tomograms where
needed.
Allow a 1 to 2 mm safety zone.
Use a drill guard.
Take care with countersinking not to lose
support of the crestal cortical bone.
Use the aforementioned formula to calculate
implant length.
Keep the radiograph and the calculation in
the patient’s chart as powerful evidence of
meticulous patient care.

Table 3. Recommendations to avoid nerve injuries during implant placement (Worthington,
2004)
The mental foramen may be located at or near the crest of an atrophic mandible. To avoid
damage to the mental nerve in patients with atrophic mandibles, the clinician may need to
make incisions in the area of the mental foramen that are lingual to the crest of the mandible
(Kraut & Chahal, 2002).
If an implant is in danger of violating the canal, its depth should be decreased in the bone
(i.e., by unscrewing it a few turns) and left short of the canal or removed. Because the
altered sensation may be due to an inflammatory reaction, a course of steroid treatment or a
high dose of nonsteroidal anti-inflammatory medication (e.g., ibuprofen [800 milligrams]
three times per day) should be prescribed for three weeks (Kraut & Chahal, 2002). Adjunct
drugs such as clonazepam, carbamazepine, or vitamin B-complex might alleviate neuritis
via their known neuronal anti-inflammatory actions.
If improvement is noted at three weeks on the basis of a repeated neurosensory
examination, the clinician can prescribe an additional three weeks of anti-inflammatory
drug treatment. If the improvement is seen, however, the patient should be referred to a
microneurosurgeon (Kraut & Chahal, 2002).
The patient should be referred for microsurgery if total anesthesia persists, or if after 16 weeks,
dysesthesia is ongoing (Misch & Wang, 2008, as cited in Day, 1994; Nazarian et al., 2003).
Many studies have reported favorable patient responses to inferior alveolar nerve repairs.
All have emphasized the need for repair before Wallerian degeneration of the distal portion
of the inferior alveolar nerve has occurred; because this degeneration is a slow process,
repair is possible four to six months after the injury has occurred (Kraut & Chahal, 2002).
2.3 Injury to adjacent teeth
Damage to teeth adjacent to the implant site may occur subsequent to the insertion of
implants along an improper axis or after placement of excessively large implants (Figs. 6, 7.).
This problem arises more frequently with single implants (Annibali et al., 2009). Adjacent
teeth should be evaluated before implant placement. Pulpal and periradicular conditions
such as small periapical radiolucencies, root resorption and large restorations in/near the
vital pulp are often misdiagnosed. Dilacerated roots and excessive tilting in the mesiodistal
direction that invades the implant space often prevent ideal placement (Misch & Wang,
2008). The tilt of adjacent teeth should be assessed before drilling. The damage of an
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adjacent tooth by implant placement may cause the tooth to become non-vital, and the tooth
may require subsequent endodontic treatment. This will not only result in damage to an
adjacent tooth but also implant failure (Sussman, 1998). Use of a surgical guide,
radiographic analysis and CT scan can help locate the implant placement, thereby avoiding
damage to adjacent teeth. The angulation of adjacent teeth and dilacerations of roots must
be radiographically assessed prior to implant placement. Ideally, 1.5 to 2 mm of bone should
be present between an implant and the adjacent tooth. Furthermore, inspection of a
radiograph with a guide pin at a depth of 5 mm will facilitate osteotomy angulation
corrections (Greenstein et al., 2008). To prevent a latent infection of the implant from the
potential endodontic lesion, endodontic treatment should be performed (Sussman, 1998).
Discrepancies between the apical and crestal interdental spaces as a result of mesial or distal
tipping of the roots can be corrected orthodontically (Annibali et al., 2009).

Fig. 6. Injury of an adjacent tooth by a malpositioned implant.

Fig. 7. A malpositioned implant hitting an adjacent tooth.
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2.4 Flap dehiscence and exposure of graft material or barrier membrane
The most common postoperative complication is wound dehiscence, which sometimes
occurs during the first 10 days (Greenstein et al., 2008). Contributing factors of dehiscence
and exposure of the graft material or barrier membrane include flap tension, continuous
mechanical trauma or irritation associated with the loosening of the cover screw, incorrect
incisions and formation of sequestration of bone debris (Park & Wang, 2005). Premature
exposure of barrier membranes may also cause contamination of the graft and its eventual
loss (Figs. 8, 9.).

Fig. 8. A dehiscence after guided bone regeneration and implant placement using a nonresorbable membrane.

Fig. 9. A dehiscence after implant placement.
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To avoid wound dehiscence, tension-free closure using a buccal releasing incision is most
important. Dentures should be relieved with a tissue conditioner. Mattress sutures
combined with interrupted sutures are also useful. When the dehiscence is small and occurs
within 24 to 48 hours, the clinician can immediately resuture the dehiscence. Once the
diameter of the wound is large (2 to 3 cm) or the time elapsed is > 2 days, it is suggested that
the margins of the wound be excised and resutured (Fig. 10.) (Greenstein et al., 2008 as cited
in Sadig & Almas, 2004). If the suture is not possible, chlorhexidine rinses twice a day
and/or systemic antibiotics should be considered.

Fig. 10. Resuturing was performed to achieve closure of the dehiscence.
2.5 Bisphosphonate-related osteonecrosis
Bisphosphonates are drugs that inhibit bone resorption; they are widely used for the
treatment of osteoporosis, multiple myeloma and skeletal complications of bone metastases
(Table 4). The American Association of Oral and Maxillofacial Surgeons (AAOMS) states
that patients are considered to have bisphosphonate-related osteonecrosis of the jaw
(BRONJ) if they have the following three characteristics: current or previous treatment with
a bisphosphonate, exposed or necrotic bone in the maxillofacial regin that has persisted for
more than 8 weeks, and no history of localized radiotherapy to the jaws (Advisory Task
Force on Bisphosphonate-Related Ostenonecrosis of the Jaws, 2007). The risk of BRONJ
associated with oral bisphosphonates appears to increase when the duration of therapy
more than 3 years. This time may be shortened in the presence of certain comorbidities.
Type 2 diabetes mellitus (Abu-Id et al., 2008), prolonged steroid therapy (Advisory Task
Force on Bisphosphonate-Related Ostenonecrosis of the Jaws, 2007), and health-threatening
habits such as smoking (Wessel et al., 2008; Yarom et al., 2007) were suggested as
predisposing conditions for the development of BRONJ.
If systemic conditions permit, discontinuation of oral bisphosphonates for a period of 3
months prior to and 3 months after elective invasive dental surgery may lower the risk of
BRONJ. The risk reduction may vary depending on the duration of bisphosphonate exposure
(Advisory Task Force on Bisphosphonate-Related Ostenonecrosis of the Jaws, 2007).
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Active ingredient
Alendronate
Etidronate
Resedronate
Tiludronate
Zoledronate
Pamidronate
Ibandronate
Clodronate

Trade name
Fosamax®,Fosavance®
Osteum®, Difosfen®
Actonel®, Acrel®
Skelid®
Zometa®, Aclasta®
Aredia®, Linoten®,
Pamifos®, Xinsidona®
Bondronat®
Bonefos®

Administered
Orally
Orally
Orally
Orally
Intravenously
Intravenously
Orally, Intravenously
Orally, Intravenously

Table 4. Different types of bisphosphonates in current usage (Montoya-Carralero et al., 2010)
Currently, there are no reliable or widely available tests for the risk of BRONJ. Marx et al.
recommend a blood test, specifically involving a serum C-terminal telopeptide test (CTX) to
assess a surrogate marker of bone turnover in patients taking oral bisphosphonates.
Categorization of <100 pg/mL as high risk, 100 pg/mL to 150 pg/mL as moderate risk, and
>150 pg/mL as minimal risk provides the clinician (Marx et al., 2007).
Many articles have confirmed that implant surgery in patients receiving oral
bisphosphonate therapy does not result in BRONJ. (Bell &Bell, 2008; Fugazzotto et al., 2007;
Grant et al.,2008; Jeffcoat, 2006) Nevertheless, patients taking bisphosphonates who either
had implants that failed to integrate or had integrated implants that subsequently failed
have been reported (Goss & Backhous, 2007; Stark & Epker, 1995; Wang et al., 2007).
The prognosis of dental implants that have been placed remains uncertain, and the use of
osseointegrated dental implants is controversial.
AAOMS does not contraindicate dental implant placement in patients who have been taking
bisphosphonates orally for less than three years prior to surgery, provided that they do not
present other risk factors such as medications with corticosteroids or advanced age (e.g.,
older than seventy years). It has been reported that oral bisphosphonates had a lower risk
because they took longer to develop bisphosphonate-induced osteonecrosis given their
slower accumulation rates in bone (Ruggiero et al., 2004). Moreover, a drug holiday is
recommended 3 to 6 months in duration before dental implant placement in patients with a
history of oral bisphosphonate use for longer than 3 years (Ruggiero et al., 2009). Finally,
current guidelines contraindicate the placement of dental implants in cancer patients treated
with intravenous bisphosphonates (Ruggiero et al., 2009; Khan et al., 2008).
Although bisphosphonates tend to accumulate in sites of active bone remodeling like the
jaws, surgical trauma to the alveolar bone during implant surgery could further stimulate
the postoperative accumulation of the drug in the implanted site. The localized
interference of bisphosphonates on areas of bone turnover may reduce the peri-implant
bone resistance to oral bacteria in the long term, thus increasing the risk of periimplantitis. The potential role of infection on implant failure and BRONJ occurrence is
still debated. However, at least one study has reported a reduced incidence of BRONJ in
patients who were given prophylactic antibiotics (Montefusco et al., 2008). In addition, the
use of perioperative antibiotics and a chlorhexidene mouth wash have been suggested.
Great attention should be paid to the oral hygiene and plaque control of implantprosthetic restorations (Bedogni et al., 2010). Patients treated with bisphosphonates who
receive implants should be followed for long periods of time. All patients treated with
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oral bisphosphonates must be informed of the potential complications of implant failure
and BRONJ development in both the short and long term before the placement of dental
implants (Bedogni et al., 2010).
AAOMS has proposed the use of the following staging categories and treatment guidelines
regarding BRONJ (Table 5).
BRONJ Staging
At risk category: No apparent exposed/
necrotic bone in patients who have been
treated with either oral or IV
bisphosphonates
Stage 1: Exposed/necrotic bone in patients
who are asymptomatic and have no
evidence of infection

Stage 2: Exposed/necrotic bone associated
with infection as evidenced by pain and
erythema in the region of the exposed bone
with or without purulent drainage

Stage 3: Exposed/necrotic bone in patients
with pain, infection, and one or more of the
following: pathologic fracture, extraoral
fistula, or osteolysis extending to the
inferior border

Treatment Strategies
No treatment indicated
Patient education
Antibacterial mouth rinse
Clinical follow-up on a quarterly basis
Patient education and review of indications
for continued bisphosphonate therapy
Symptomatic treatment with broadspectrum
oral
antibiotics,
e.g.,
penicillin, cephalexin, clindamycin, or
first generation fluoroquinolone
Oral antibacterial mouth rinse
Pain control
Only superficial debridements to relieve
soft tissue irritation
Antibacterial mouth rinse
Antibiotic therapy and pain control
Surgical debridement/resection for longer
term palliation of infection and pain

Table 5. Staging and treatment strategies (Advisory Task Force on Bisphosphonate-Related
Ostenonecrosis of the Jaws, 2007)

3. Complications associated with maxillary sinus lift
3.1 Schneiderian membrane perforation
The Schneiderian membrane, which is characterized by periosteum overlaid with a thin
layer of pseudociliated stratified respiratory epithelium, constitutes an important barrier for
the protection and defense of the sinus cavity. The integrity of the sinus membrane is
essential in maintaining the healthy and normal function of the maxillary sinus (Ardekian et
al., 2006).
The mucociliary apparatus protects the sinus against infection while the membrane also acts
as a biologic barrier. If a perforation occurs, the membrane perforation could represent a
window for bacterial penetration and invasion into the grafted area (Zijderveld et al., 2008).
Failure to atraumatically elevate the Schneiderian membrane may result in graft migration
or loss, exposure of the graft or the implant to the sinus, and postoperative site infection. In
addition to contaminating the recipient site, disruption of the mucosa may alter the normal
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mucociliary flow patterns, causing retention of secretions and infections around the foreign
body (Ward et al., 2008).
The most common intraoperative complication seems to be Schneiderian membrane
perforation, which occurs in 10% to 60% of all procedures (Ardekian et al., 2006; Pikos, 1999;
Proussaefs et al., 2004). The risk of membrane perforation increases when anatomical
variations such as a maxillary sinus septum, spine, or sharp edge are present (Chanavaz,
1990; van den Bergh et al., 2000). Very thin or thick maxillary sinus walls create higher risks
of perforating the Schneiderian membrane. The angulation between the medial and lateral
walls of the maxillary sinus seemed to exert an especially large influence on the incidence of
membrane perforation. For example, sharper angles observed at the inner walls of the sinus
in the vicinity of the second upper bicuspid presents a higher risk of perforation (Zijderveld
et al., 2008).
The occurrence of iatrogenic sinus membrane perforations during surgery does not seem to
be related to sinusitis in healthy people (Ardekian et al., 2006). However, large tears can
cause sinusitis, graft infection, or graft displacement into the sinus, which could
compromise new bone formation and implant survival (Reiser et al., 2001).
To minimize Schneiderian membrane perforations, surgeons must evaluate the maxillary
sinus anatomy while considering the lateral thickness of the lateral wall, slope of the sinus
wall, location of septa, membrane thickness through the radiography and CT analysis before
maxillary sinus augmentation. Piezoelectric surgery is usually more time-consuming than
other techniques, though the frequency and number of Schneiderian membrane perforations
or lacerations are generally lower. If the bony lateral wall is thick, a reduction of the
thickness of the wall before formation of the lateral window is recommended. In cases
involving a very thin maxillary sinus wall, careful reflection of the mucoperiosteum is
recommended while the Schneiderian membrane already shines a dark grayish-bluish color
through the sinus wall. It is advised that clinicians not begin the lateral door preparation
with a round stainless-steel burr; they should use a round diamond bur directly, thereby
reducing the risk of a membrane perforation (Zijderveld et al., 2008). To prevent a
perforation, some additional small holes in the suction device are recommended to diminish
the suction power and to avoid the direct contact of the suction device with the Schneiderian
membrane (Zijderveld et al., 2008).
If a tear in the membrane occurs along the periphery of the osteotomy and it is difficult to
reengage the membrane, this situation can be managed by extending the outline of the
osteotomy several millimeters past the original window and reestablishing contact with the
membrane (Greenstein et al., 2008). In general, small tears (<5 to 8 mm) are mitigated simply
by folding the membrane up against itself as the membrane is elevated (Chanavaz, 1990).
Larger tears do not lend themselves to closure by infolding, and they would need additional
methods to contain the graft in its desired position. It has been reported that large sinus
membrane perforations should be repaired with collagen or a fibrin adhesive. In severe
perforations, some investigators have even suggested abandoning the procedure for 6 to 9
months while the membrane regenerates (Karabuda et al., 2006).
3.2 Hemorrhage
The blood supply of the maxillary sinus is derived from the infraorbital artery, the greater
palatine artery and the posterior superior alveolar artery (Chanavaz, 1990; Uchida et al.,
1998a). Bleeding during sinus augmentation is rare because the main arteries are not within
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the surgical area. Although accidental laceration of the vessel is not life-threatening because
of the small size of the artery, an impaired visualisation may compromise the elevation of
the Schneiderian membrane and interfere with the placement of the graft material (Elian et
al., 2005; Testori et al., 2010).
The blood supply to the buccal antral portions relevant to sinus floor elevation surgery
occurs via two arteries: the posterior superior alveolar artery and the infraorbital artery, as
well as their intraosseous branches and anastomoses (Solar et al., 1999). Anatomically,
anastamosis between the posterior superior alveolar artery and infraorbital artery is always
found at the lateral antral wall (Traxler et al, 1999); bleeding via damage to these arteries
may occur during the formation of the lateral window. The average distance from the artery
to the alveolar crest was 16.4 mm (Elian N et al., 2005) to 18.9 mm (± 2.82 mm) (Solar et al.,
1999).
The height of the residual bony ridge appears to play a significant role in the location of the
vessel. In classes A, B and C (Lekholm & Zarb classification (Lekholm & Zarb, 1985)), the
vessel was found >15 mm from the alveolar crest, but in classes D and E, the value was >7 mm
(mean 10.4 mm). It is recommended, therefore, to place the superior border of the osteotomy
up to 15 mm from the alveolar crest in classes A, B and C, which is sufficient for sinus
exposure and placement of long dental implants. In severely atrophic ridges, or classes D and
E, where the surgeon has a tendency to place the osteotomy of the sinus wall too far cranially,
there is a high probability of transecting the vessel (Mardinger et al., 2007b). Such bleeding can
usually be controlled by pressure with a moist gauze pad (Fig. 11.)(Elian et al., 2005).

Fig. 11. Hemostasis was achieved using Surgicel during maxillary sinus augmentation.
A preoperative CT examination is essential to detect the location of the intraosseous
anastomoses. In addition, piezoelectric surgical inserts may be beneficial in minimizing
lacerations of vessels and membrane (Testori et al., 2010). A vestibular extraosseous
anastomosis runs below the zygomatic process (Solar et al., 1999). This anastaomosis is
located in the area of the periosteum overlying the lateral wall at a higher level than the
intraosseous anastamosis. The vascular compromise would be the result of an inappropriate
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anterior releasing incision or vertical incision (Elian et al., 2005). To avoid damage to the
extraosseous anastomosis, vertical mucosal incisions should extend superiorly as little as
possible, and the periosteum should be prepared carefully (Solar et al., 1999).
3.3 Loss of the implant or graft materials into the maxillary sinus
The displacement of implants or graft materials into the maxillary sinus can result in a
foreign-body reaction and cause serious complications. Migration of a dental implant into
the maxillary sinus may present a risk for the development of maxillary sinusitis. Immediate
implant insertion should be performed only if the residual bone is stable and high enough to
ascertain high primary stability (Becker et al., 2008).
An implant can easily migrate into the sinus without apparent force in the posterior maxilla,
clearly showing a lack of osseointegration (Fig. 12.). Various mechanisms have been
proposed to explain the migration of an implant into the maxillary sinus, which fall under
three main categories: changes in intrasinal and nasal pressures; autoimmune reaction to the
implant, causing peri-implant bone destruction and compromising osseointegration; and
resorption produced by an incorrect distribution of occlusal forces (Galindo et al., 2005). The
changes in intrasinal and nasal air pressures produce a suction effect because of the negative
pressure exerted by these cavities. A portion of the bone grafting material can become
dislodged in the maxillary sinus at either the initial ridge augmentation or during the
implant placement surgery. The natural ciliary movement in the maxillary sinus will
transport foreign material toward the ostium (Hunter et al., 2009). In cases with less than 5
mm of bone, mastication can cause the implants to move during the graft maturation
timeframe (Peleg et al., 2006). The implants must be immediately retrieved surgically via an
intraoral approach or endoscopically via the transnasal route to avoid inflammatory
complications (Ueda & Kaneda, 1992). To avoid complications when bone volume is
inadequate to support an implant with sufficient length, a bone reconstruction procedure of
the maxilla should be performed.

Fig. 12. Displacement of an implant into the maxillary sinus.
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3.4 Postoperative maxillary sinusitis
The mean height of the maxillary sinus is 36 to 45 mm, the mean width mesiodistally is 25 to
35 mm, and the mean depth is 38 to 45 mm (laterally–medially). The average total maxillary
sinus volume is 13.6±6.4 cc. The minimum maxillary sinus volume is 3.5 cc, while the
maximum is 31.8 cc (Uchida, 1998b). The ostium is located on the superior aspect of the
medial wall of the maxillary sinus above the first molar (van den Bergh et al., 2000). The
normal drainage pattern of the maxillary sinus is into the middle nasal meatus by way of a
naturally occurring ostium.
The ostium is usually 35 mm superior to the floor of the maxillary sinus (Zinner et al., 2008).
This information can be used to prevent maxillary sinus complications such as sinusitis by
the obstruction of the ostium. Radiographic imaging of the osteo-meatal complex is crucial
in fully evaluating the physiologic health of the maxillary sinus and the likelihood of
avoiding infections following maxillary bone grafting (Zinner et al., 2008).
Maxillary sinusitis can occur as a result of contamination of the maxillary sinus with oral or
nasal pathogens or via ostial obstruction caused by postoperative swelling of the maxillary
mucosa, hematoma and seroma. Mucosal swelling may lead to the reduction of the patency
of the ostio-meatal unit (Figs. 13, 14.). This unit plays a key role in the development of
sinusitis, through impairment of the mucociliar cleansing system (Bertrand & Eloy, 1992).
Maxillary sinusitis can also occur because of non-vital bony fragments floating freely in the
maxillary sinus. Another cause is the lack of asepsis during sinus augmentation (Timmenga
et al., 2001). Maintenance of normal maxillary sinus physiology should be a major goal
while ostium patency must be preserved. Therefore, the use of a systemic decongestant,
such as pseudoephedrine, and a nasal spray containing a vasoconstrictor, such as
phenylephrine, is recommended after implant surgery (Regev et al., 1995).
The development of sinusitis following sinus augmentation can be directly related to
drainage disturbances, mainly as a result of septal deviation and allergies combined with
oversized inferior and middle turbinates (Mardinger, 2007a). In the event of an inadvertent
laceration or puncture of the Schneiderian membrane and inoculation of the maxillary sinus

Fig. 13. Panoramic view showing an area of opacification on the left maxillary sinus.
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Fig. 14. Computed tomography scan clearly shows significant mucosal thickening along the
entire lining of the sinus.
with oral bacteria, a healthy sinus with a patent osteo-meatal complex will usually remove
the offending bacteria and remain healthy (Zinner et al., 2008). With no patent drainage
pathway, the maxillary sinus quickly became obstructed, inflamed, and then infected
(Hunter et al., 2009).
Timmenga et al. reported that the occurrence of postoperative sinusitis after bone grafting of
the sinus floor is limited to patients with a predisposition for sinusitis (Timmenga et al.,
1997). To minimize the occurrence of a postoperative infection, possible causes should be
removed prior to sinus augmentation.
A history of excessive yellow or green nasal discharge, particularly with worsening nasal
obstruction, is a relatively strong predictor of possible chronic bacterial sinusitis and may
warrant further assessment for chronic sinusitis (Ward et al., 2008). A nasoendoscopic
evaluation should be considered for patients with a history of frequent sinusitis to rule out
the presence of an obstructive phenomenon as a risk factor before undergoing sinus
augmentation (Manor et al., 2010).
Most implant failures occur 3 to 6 months after surgery, and they are usually not associated
with an infection of the maxillary sinus (Becker et al., 2008). The clinical diagnosis of
sinusitis is characterized by a triad of symptoms: nasal congestion, secretion or obstruction,
and headache (Manor et al., 2010). If an infection develops (e.g., pain, redness, and
tenderness) without fluctuance, antibiotics are administered. Once there is fluctuance,
incision and drainage are performed in conjunction with systemic antibiotics (Barone et al.,
2006; Regev et al., 1995).
Pathogens found have included β-hemolytic Strepococcus, Enterococcus, Peptostreptococcus,
Pneumococcus, Staphylococcus (Doud Galli et al., 2001) and Actinomycosis (Roth & Montone,
1996). The antibiotics most effective in alleviating sinus infections are amoxicillin,
trimethoprim sulfamethoxazole, and cefaclor. Amoxicillin with clavulanic acid and
clindamycin also are commonly used (Regev et al., 1995). General guidelines for treatment
of sinusitis was represented in Tables 6, 7.
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Transient sinusitis
1.
2.
3.

Chronic sinusitis

Use of decongestants and antibiotics
1. Use of decongestants and antibiotics
Follow-up after 2 weeks
2. CT scanning and functional endoscopic
If no recovery, transient sinusitis has
sinus surgery
possibly evolved into subacute sinusitis
needing further treatment:
a. Continuation of decongestants and
antibiotics
b. Maxillary drains for sinus irrigation
c. CT scanning and consideration of
functional endoscopic sinus surgery
if no recovery within 3 weeks

Table 6. General guidelines for the treatment of transient and chronic maxillary sinusitis
after maxillary sinus augmentation (Timmenga et al., 2001)
1.
2.
3.

Preoperative evaluation of sinus clearance-related factors
Postsurgery: a nasal decongestant (xylomethazoline 0.05%) and topical corticosteroid
(dexamethasone 0.01%) to prevent postsurgery obstruction of the ostium
Perioperative antibiotic prophylaxis (cephradine 1 g 3 times daily, starting 1 hour
before surgery and continued for 48 hours after surgery)

Table 7. General guidelines for the prevention of transient and chronic maxillary sinusitis
after maxillary sinus augmentation (Timmenga et al., 2001)

4. Conclusions
Although serious complications are uncommon, dental implant placement is not free of
complications, as complications may occur at any stage (Table 8). Therefore, careful analysis
via imaging, precise surgical techniques and an understanding of the anatomy of the
surgical area are essential in preventing complications. One should be aware of the possible
complications related to implant placement so that the patient can be properly informed.
Prompt recognition of a developing problem and proper management are needed to
minimize postoperative complications.
Problems

Possible causes

Solutions

Nerve injury

Mechanical injury by
stretching, compression,
and partial or total transsection

Remove implant
Wait for a period
Rivotril®, Tegretol®, Vitamin B6

Injury of an artery

Extraoral pressure from the
submental against the body of
mandible
Implant placement will stop
bleeding

Hemorrhage during
drilling
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Atrophic mandible

Penetration of nasal/sinus
Type IV bone
floor

Immediate implant retrieval
Bone graft
Monocortical miniplates
Primary closure
Antibiotic, decongestant,
chlorhexidine

Type IV bone, grafted
bone, imprecise
preparation, excessive
countersinking

Remove implant, replace with
larger diameter or longer implant

Maxillary sinus lift

Preexisting condition,
surgical handling

Seal by folding the excess
membrane, collagen membrane,
bone graft, primary closure
Antibiotics, decongestant,
chlorhexidine

Significant bleeding

Subclinical bleeding
Atraumatic surgical technique,
diathesis, surgical handling compression for >10min

Lack of primary stability

Not enough space in
Devitalization of adjacent
between implant and
teeth
adjacent tooth

Endodontic treatment

Table 8. Intraoperative surgical-related complications (Park & Wang, 2005)
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