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Rubber dam challenges

Metal clamps damage tooth structure 
or porcelain surfaces of crowns
Prevention and management
The use of light cured provisional material can reduce the 
potential of metal rubber dam clamps to cause iatrogenic 
damage (Liebenberg, 1995). Prior to clamp placement, a 
small amount of composite based material may be added 
to the metal prongs of the clamp. Alternatively instead of 
metal clamps, the use of plastic rubber dam clamps is less 
likely to damage tooth structure or existing restorations 
(Madison, Jordan, and Krell, 1986).

Placing a matrix band on the same tooth 
as a rubber dam clamp
Prevention and management
One of the methods to solve this complication is to open 
the clamp with rubber dam forceps and then place the 
matrix under the prongs and then release the clamp on 
the band, securing it during the procedure. Another 
method is to use a sectional matrix secured with a 
wedge and compound, thus avoiding the clamp entirely.

Poor adaption of rubber dam to partially 
erupted teeth or a short clinical crown 
lacking a supragingival undercut is a 
common challenge leading to clamp 
instability
Prevention and management
Ford, Ford, and Rhodes (2004) advocate the use of the split 
dam technique along with a caulking agent to achieve an 
adequate seal. Morgan and Marshall (1990) recommend 

that a glass ionomer cement, like Fuji Plus, may be mixed 
according to the manufacturer’s directions and loaded into 
a composite syringe. The material is syringed along the 
gingival margins of the tooth to be prepared to approximate 
normal tooth contours. A plastic instrument may be used 
to shape the material to create adequate facial and lingual 
undercuts. The material provides a circumferential surface 
against which the rubber dam may seal. After the procedure 
is completed, the glass ionomer/composite material may be 
removed with a large spoon excavator or curette.

Wakabayashi et  al. (1986) recommend that a small 
amount of self‐curing resin mixture be placed at the 
gingival margin on the reciprocal surfaces of the tooth 
and cured well, after which a standard clamp is set apical 
to the resin spots, as this will facilitate supragingival 
retention of a rubber dam clamp.

Class V cavity preparation and 
restoration complications

Lacerating gingival tissue and 
compromising periodontium due to poor 
gingival tissue management and isolation
Prevention and management
Isolation of class V cervical lesions for soft tissue 
 displacement, moisture containment, and infection con-
trol can utilize several methods, including rubber dam 
isolation, placing retraction cord in the sulcus, minor 
gingival surgery using a radio‐surgical laser, scalpel gin-
givectomy prior to rubber dam retainer placement, 
cotton roll/saliva ejector isolation, and the use of clear 
matrix systems for anatomical contour.

Best practices: Restorative complications
Richard G. Stevenson III
Section of Restorative Dentistry, UCLA School of Dentistry, Los Angeles, CA, USA

CHAPTER 1
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2   Chapter 1

Rubber dams help prevent operative‐site exposure to 
blood and crevicular and intraoral fluids. In order to 
isolate a class V lesion, the hole in the rubber dam for 
the tooth to be restored is positioned approximately 
3 mm facial to the normal hole position, slightly larger 
in size, and with slightly more distance between the 
adjacent holes. After the dam is placed, a 212‐type 
clamp is engaged on the lingual side of the tooth and 
rotated into position in the facial, while stretching the 
dam apically to reveal the lesion. The beak of the  
212‐type clamp should be positioned at approximately 
1 mm apical to the anticipated preparation gingival 
margin of the cavity preparation. This usually requires 
stabilization of the retainer with thermoplastic impres-
sion compound. In apically extensive lesions, the beaks 
of the 212‐type clamp may be modified by bending the 
lingal beak coronally (not apically) and rotating the 
212‐type clamp facially during placement, securing 
with one hand while the compound is added to the 
bow of one side until it is hard. The decision to bend the 
facial beak apically will lead to a more restricted access 
to the lesion and thus should be avoided. The teeth 
must be dry for the heated compound to be secure. 
After one side is placed, the compound is placed on the 
other side of the bow. A safe alternative way to use 
heated compound is to take the Monoject syringe and 
trim back the tip so you have a wider lumen. Then take 
green stick compound, break it up into smaller pieces, 
and place it into the Monoject syringe. Immerse the 
syringe in hot water. The compound melts and you can 
then inject the compound into the desired area. It is 
much easier and safer than messing with a flame chair-
side and is much easier to direct into the desired loca-
tion, especially if you are using one hand, which you 
often are in this situation since you are using the other 
hand to maintain the position of the 212‐type clamp. 
When the restoration had been completed, rubber dam 
forceps easily break the compound loose upon retainer 
removal.

A recent technique to isolate the gingival margin 
of  class V lesions employs a paste (Expasyl, Kerr, or 
Traxodent, Premier) that provides reasonable gingival 
retraction and hemostasis. These pastes consist of an 
organic, clay material (kaolin), mixed with aluminum 
chloride as a hemostatic agent. It is thick and firm yet 
viscous enough to be placed into the gingival sulcus. 
The paste is injected directly into the sulcus from a pre-
loaded syringe at a recommended rate of 2 mm/s, using 

even pressure. If necessary, this can be followed by 
gently tamping on the paste with a plastic instrument or 
cotton pellet to ensure the paste is fully established or 
secured into the sulcus. Once the material has been 
applied and absorbs moisture and hemostasis is 
achieved, the material should be isolated from addi-
tional moisture and saliva. The paste is left in the sulcus 
for 1–2 min if the tissue is thin or 3–4 min if the soft 
tissue is thicker. The paste should then be removed by 
gently rinsing, followed with drying the site, prior to 
restoration placement. If necessary, the process can be 
repeated without traumatizing the tissue. Gingival 
retraction will last for 4 min after the paste has been 
rinsed and removed from the site.

Contouring class V restorations in the 
gingival area
When the lesion extends subgingivally, care must be 
taken not to damage the cementum with rotary instru-
ments. If the restoration is not appropriately contoured 
and polished, it may lead to gingival inflammation due 
to food/plaque traps, secondary decay, and early failure 
of the restoration.

Prevention and management
A technique for better contouring and polishing uses a 
standard mylar matrix, which has been previously cut 
to fit the tooth to facilitate the insertion of composite 
resin into the cavity. Cutting the matrix is not always 
required. The matrix is inserted into one side of the 
cavity and fixed in place with a wooden wedge. It is 
then carefully inserted into the gingival sulcus, involving 
the entire cervical wall of the cavity (Figure 1.1).

Figure 1.1 A technique for better contouring and polishing 
uses a standard mylar matrix.
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Best practices: Restorative complications   3

The unattached side of the matrix is positioned by 
inserting another wedge into the opposite side of the 
cavity. A photocured gingival barrier (OpalDam, OpalDam 
Green, Top Dam/FGM, Joinville, Santa Catarina, Brazil) is 
injected around the mylar matrix to stabilize it. This 
procedure is not difficult to perform but has to be done 
with precision in order to form a large enough occlusal/
incisal opening between the matrix and the tooth to allow 
the insertion of restorative material. This procedure also 
allows the necessary volume of restorative material to 
be inserted without any excess and adequate separation 
between the gingiva and tooth, forming an angle that 
provides an aperture, wide enough for the composite resin 
syringe tip insertion. Some authors recommend contour-
ing of the gingival aspect of the matrix by stretching the 
middle gingival portion over the handle of an explorer to 
gain a shape consistent with the emergence angle on the 
cementoenamel junction of the tooth prior to securing the 
matrix against the tooth. Another option is the use of a 
metal matrix; however, due to the light barrier created by 
the metal, light curing must be completed in two or more 
steps, first curing the accessible portion, then removing the 
metal, and curing the deeper portion with the light applied 
directly to the exposed restorative material. Some authors 
think that it works better than the mylar matrix in terms of 
maintaining shape and stability. This option can be espe-
cially useful in situations with intrinsic anatomical diffi-
culties, as in molar furcations. The plastic mylar matrix has 
a lower risk of damage to soft tissue during insertion into 
the gingival sulcus and better light transmission for curing 
and visualization of the preparation cavity (Perez, 2010).

Complications involving liners 
and bases

Inappropriate use and selection of liners 
and bases in different clinical situations
Prevention and management
The following recommendations will be based on three 
different cavity depths and three different restorative 
materials/techniques (amalgam, composite and indirect 
restorations) in terms of pulpal proximity:
1 Shallow preparations when the remaining dentin 

thickness (RDT) is greater than 2 mm
2 Moderately deep preparations when the RDT is 0.5–2 mm
3 Deep preparations when the RDT is less than or equal 

to 0.5 mm (Table 1.1)

Amalgam
For shallow amalgam tooth preparations (RDT > 2 mm), 
the use of a dentin‐bonding agent may be applied as a 
sealing agent to the internal walls of preparation, 
avoiding the cavosurface margin before insertion of the 
 restoration. The use of a self‐etching adhesive system 
will not require a separate etching step.

For moderately deep preparations (RDT = 0.5–2 mm), 
a liner of glass ionomer may be placed for pulpal protec-
tion, followed by the sealing step described earlier. It is 
well understood that amalgam restorations are great 
thermal conductors, and placing a thick base has shown 
to predictably reduce the temperature changes at the 
base of the cavity (Harper et al., 1980).

For deep preparations (RDT < 0.5 mm), a subbase may 
be placed on the deepest region in which infected dentin 
was excavated with a calcium hydroxide material 
(Dycal, LD Caulk) followed by a liner of glass ionomer 
on the deepest region in which infected dentin was 
excavated with a calcium hydroxide material (i.e., it is 
well understood that removal near the pulpal aspects of 
the preparation is not necessary to preserve pulpal 
health, as long as the tooth is asymptomatic or only 
mildly (reversibly) symptomatic, and a well‐sealed res-
toration is placed (Maltz et al., 2012b).

Glass ionomer restoratives
Since glass ionomer cements are poor conductors of tem-
perature, no material is required to be placed except for 
deep preparations (RDT < 0.5 mm), in which case, a liner as 
described earlier should be placed (Roberson et al., 2006).

Composite resin
•  For shallow preparations (RDT > 2 mm), dentin‐bonding 

agents are the only necessary material to be placed.
•  For deep preparations (RDT < 0.5 mm), a liner should 

be placed as with amalgam and glass ionomer 
restorations.

•  For moderately deep preparations (RDT > 0.5–2.0 mm), 
since glass ionomer liners have shown to improve the 
performance of composite resins (Arora et al., 2012), a 
thin liner of resin‐modified glass ionomer (RMGI) 
may be used on the deeper dentin surfaces.

CAUTION: Do not use zinc oxide eugenol as a liner 
underneath dental composites as it interferes with dental 
composite polymerization (Roberson et al., 2006).
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Ceramic and cast gold restorations
•  For moderately deep preparations (RDT = 0.5–2 mm), 

a base is recommended under the restoration in order 
to create flat walls and uniform restorative material 
thickness. Wax patterns are more accurately fabri-
cated if they are smooth and uniform.

•  For deep preparations (RDT < 0.5 mm), to protect the 
pulp, a liner is placed and then a base is applied 
(Roberson et al., 2006). Placing bases under ceramic 
and cast gold restorations also will aid in preserving 
tooth structure by blocking out undercuts in dentin, 
which would otherwise require overlying tooth struc-
ture removal.

Managing the integrity of calcium 
hydroxide liners
Prevention and management
Since calcium hydroxide liners are highly soluble, 
they are lost during acid etching and are subject to 
dissolution over time. The best way to seal calcium 
hydroxide liners is with the use of RMGI. The RMGIs 
should line the cavity preparation, covering the 
calcium hydroxide material, thereby securing it to 
improve pulpal protection and minimize bacterial 
microleakage (Rada, 2013).

Bacterial contamination
Prevention and management
Apart from selecting the right material for the procedure, 
performing it in a clean environment with the use of a 
rubber dam is one of the most important factors for suc-
cess (Maltz et al., 2012b).

Techniques to improve marginal quality include:
1 Utilizing resin‐modified glass ionomer cements in a 

sandwich technique (Dietrich et al., 1999).
2 Beveling of enamel margins prior to etching to 

improve adhesion by exposing the ends rather than 
the sides of the enamel rods to improve adhesion and 
reduce leakage.

3 Incremental filling with composite resin to reduce 
polymerization stresses.

4 The use of water‐cooled tungsten carbide finishing 
burs as dry polishing disk techniques increases leakage 
(Taylor and Lynch, 1993).

5 In a study by Schwartz, there was significantly less 
leakage detected in glass ionomer/composite sand-
wich restorations (Schwartz, Anderson, and Pelleu, 
1990).

In all cases, a sterile procedure is the most ideal 
environment to work in, and it also positively affects 
the outcome of most procedures (Stockton, 1999). 
Therefore, clinicians should practice rubber dam isola-
tion whenever possible.

Deep caries

Comparison of the three major caries removal 
modalities:
1 Direct complete excavation
2 Stepwise excavation
3 Partial caries removal

Prevention and management
Performing stepwise excavation for extremely deep 
caries lesions is associated with fewer exposed pulps, 
sustained vitality, and a lack of apical radiolucency 
compared with performing direct complete excavation. 
Stepwise excavation may be a preferable management 
technique for these deep caries lesions (Bjørndal et al., 
2010).

However, it is not necessary to remove all carious 
dentin before the restoration is placed, because over 
time, sealing of carious dentin results in lower levels of 
infection than traditional dentin caries removal. Also, 
the stepwise technique incurs a second intervention, 
with resultant trauma to the pulp and increased time 
and expense for the patient (Maltz et al., 2012b). The 
retention of carious dentin does not interfere with 
pulp vitality (Maltz and Alves, 2013). In another study 
conducted by Maltz et al., partial carious dentin removal 
showed a statistically significant improvement with 
regard to the maintenance of pulp vitality as compared 
with stepwise excavation after a 3‐year follow‐up period 
(Maltz et al., 2012a).

Sealing of carious dentin arrests the lesion progres-
sion irrespective of the dentin protection used (Corralo 
and Maltz, 2013). It is important to note that all of these 
techniques require that the DEJ and the first 2 mm from 
the external cavosurface margin in a pulpal direction be 
caries‐free. Ideal caries removal end points generate a 
peripheral seal zone that can support long‐term biomi-
metic restorations (Alleman and Mange, 2012). In all 
cases, it is critical to obtain a completely caries‐free zone 
at dentino‐enamel junction and 0.5–1.0 of remaining 
dentin thickness.
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Pulp exposure
Prevention and management
The size of the exposure, the quality of the isolation, 
the age of the patient, and the presence of caries at the 
periphery of the preparation have a significant influence 
on the success of direct pulp caps. Pulp exposures, 
which elicit hemorrhage, must be controlled prior to 
attempting a direct pulp‐capping procedure.

The degree of bleeding on pulpal exposure is related 
to the success rate of direct pulp‐capping procedures 
(Matsuo et  al., 1996). Numerous agents are used for 
hemostasis with pulp exposures: a 0.9% saline solution, 
ferric sulfate, 2.5% NaOCl, Ca(OH)2 solution, and 2% 
chlorhexidine digluconate (Silva et  al., 2006a). An 
alternative to 2.5% NaOCl is 5.25% NaOCl (Silva et al., 
2006a). Usually bleeding is controlled within 10 min of 
application; however, when it cannot be stopped, within 
this time frame, endodontics is likely.

The two most widely used materials for pulp capping 
are mineral trioxide aggregate (MTA) and calcium 
hydroxide. Calcium hydroxide is widely used and has 
been found to perform better than single‐bottle adhesive 
system (Silva et al., 2006b) and self‐etch (SE) adhesives 
(Accorinte et al., 2007). MTA has been found to be better 
than a single‐bottle adhesive system calcium hydroxide 
in the following ways:
•  Pulp healing with MTA is faster than that of calcium 

hydroxide (Accorinte et  al., 2008; Chacko and 
Kurikose, 2006).

•  Dentin bridge formation with MTA is more homoge-
nous and continuous with the original dentin when 
compared to the pulps capped with calcium hydroxide 
(Chacko and Kurikose, 2006).

•  Calcium hydroxide shows tunnel defects and irregu-
larity in the calcified bridge formed beneath it when 
used as a capping material (Parirokh et al., 2011).

•  A large randomized clinical trial (Hilton et  al., 
2013) provided confirmatory evidence for superior 
performance with MTA as a direct pulp‐capping 
agent as compared with calcium hydroxide when 
evaluated in a practice‐based research network for 
up to 2 years. The probability of failure at 24 months 
in this trial was 31.5% for calcium hydroxide vs. 
19.7% for MTA.

•  Resin‐modified calcium silicate‐filled liner (TheraCal, 
Bisco), a recently introduced material, displays 
higher calcium‐releasing ability and lower solubility 
than either ProRoot MTA or Dycal. TheraCal had a 

cure depth of 1.7 mm. The solubility of TheraCal 
(Δ − 1.58%) was low and significantly less than that 
of Dycal (Δ − 4.58%) and of ProRoot MTA 
(Δ − 18.34%). The amount of water absorbed by 
TheraCal (Δ + 10.42%) was significantly higher than 
Dycal (Δ + 4.87%) and significantly lower than 
ProRoot MTA (Δ + 13.96%) (Gandolfi, Siboni, and 
Prati, 2012).

•  Resin composite and resin‐modified glass ionomer 
materials can optimize healing following pulp cap-
ping, because they appear to reduce the number of 
defects in comparison with Ca(OH)2 alone (Murray 
and Garcia‐Godoy, 2006). After placement of Ca(OH)2 
over the exposed pulp, it is important to secure the 
material with a liner of RMGI prior to continuing 
with the direct restoration.

Composite complications

There are two basic techniques for the placement 
of  composite restorations: bulk fill and incremental 
insertion.

With the bulk‐fill technique, the entire amount of 
composite resin is placed into the preparation at one 
time and then trans‐enamel polymerization is used to 
cure the composite. The composite material then 
shrinks toward the light source. This creates internal 
stresses in the composite material leading to increased 
polymerization stresses, which may challenge the 
bond to dentin leading to microleakage. This can also 
lead to significant temperature and biting sensitivity 
(Marangos, 2006).

Potential advantages of bulk filling are:
1 Fewer voids may be present in the mass of material, 

since all of it is placed at one time.
2 The technique is faster and easier than placing 

numerous increments when curing times are 
identical.
Potential disadvantages of bulk filling are:

1 Creating adequate proximal contact areas may be 
challenging unless adequate matrices are used.

2 Effects due to shrinkage stress may be more pronounced 
when bulk filled than when placed in increments, 
since the entire mass polymerizes at one time rather 
than in small increments.

3 Polymerization of resin in deep preparation locations 
may be inadequate.
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Prevention and management
Incremental placement of posterior composites has 
been advocated for a long time as a means to partially 
mitigate polymerization contraction. Many method-
ologies have been suggested, including using no liner, 
the use of a low modulus flowable composite, or self‐
curing glass ionomer cement. Since there are many 
viscosities of composites available with various degrees 
of polymerization contraction, the adaptive quality of 
the composite or its flow as well as inherent volumetric 
properties will affect the final marginal adaptation 
and leakage patterns with these placement techniques. 
Currently, incremental placement is the most 
researched and supported filling and curing method. 
Current bulk‐fill resins show potential improvements 
in some properties, but the following challenges still 
exist for most materials:
•  Volumetric shrinkage and stress are not less than 

other conventional restorative resins.
•  Light cure may not reach the bottom extensive (over 

deep 5 mm) restorations.
•  Fast curing lights do not deeply cure bulk‐fill resins.
•  Some flowable resins cannot be used on occlusal 

surfaces.
•  Making tight proximal contacts can be difficult.
•  Preventing voids in crucial locations is unpredict-

able. At this time, bulk filling as a concept may have 
promising potential and may perform well in certain 
situations, but material improvements are necessary 
to overcome the described challenges (Christensen, 
2012).

Polymerization shrinkage
Prevention and management
Incorporating commercially available fiber systems 
within the composite restorations has shown to reduce 
the polymerization shrinkage. The fiber materials are 
available as transparent fiber meshes which can be 
placed into the cavity and composite material is allowed 
to flow around the mesh. It is shown that marginal 
microleakage significantly decreases when composites 
are applied by the incremental technique with the 
incorporation of fiber meshwork (Ozel and Soyman, 
2009).

As described in the previous section, incremental 
placement of composite resins remains the most predict-
able method to decrease the effects of polymerization 
shrinkage stresses on the tooth.

Open contacts
Prevention and management
Tofflemire matrices will not predictably establish 
anatomically correct physiologic contacts when used 
with composite resins. Due to low resistance to 
deformation, these matrices result in a poor contour 
and point contacts (Strydom, 2006). Some clinicians 
re‐prepare such proximal surfaces, adding more 
composite, and a plaque and food retentive area may 
develop.

Light curing complications

Common complications
1 Premature failure of resin restorations is a commonly 

encountered problem. The median longevity for pos-
terior resin‐based restorations placed in dental offices 
is only about 6 years (Sunnegårdh‐Grönberg et  al., 
2009) with the primary reasons for replacement 
being secondary caries and bulk fracture of the resin 
(Heintze and Rousson, 2012; Sunnegårdh‐Grönberg 
et al., 2009).

2 Undercured resins are a significant cause of restoration 
failure due to fracture, secondary caries, or excessive 
wear of the restoration (Ferracane, Berge, and Condon, 
1998; Hammouda, 2010; Shortall et al., 2013).

3 When composites resins are not optimally cured and 
thus do not reach a sufficient degree of monomer 
conversion, they are more likely to leach toxic sub-
stances (Chen et al., 2001).

4 Light curing delivers energy that causes a temperature 
increase in the tooth and surrounding oral tissues 
(Oberholzer et  al., 2012; Shortall et  al., 2013). 
Arbitrarily, increasing exposure times in an effort 
to prevent undercuring may damage the pulp and 
surrounding tissues.
Improper positioning of the curing light may con-

tribute to these failures. Appropriate light curing of the 
entire restoration is a basic requirement when placing 
composite resins (Price, 2014).

Etiology
Contemporary light cure units (LCUs) deliver a wide 
range of spectral emissions and irradiance levels 
(Leprince et al., 2010; Rueggeberg, 2013). These differ-
ences are often not detectable by the eye (El‐Mowafy 
et al., 2005), neither accurately by a dental radiometer, 
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but they can affect the polymerization of the composite 
resins (Figure 1.2).

Nonuniform irradiance
Nonuniform light beam show areas of variation across 
the tip end of the LCU delivering more irradiance in 
some areas and delivering less irradiance in others. If 
the light is held steady, this may result in some of regions 
of the resin receiving an inadequate amount of energy 
when light curing.

Preventive measure
1 Light exposure time will have to be increased at the 

risk of overexposing some of the oral tissues, unless 
carefully managed (Rueggeberg, 2013).

2 The spectral emission from the LCU and the spectral 
requirements of the composite resin should be 
matched both to ensure optimal polymerization 
(Jandt and Mills, 2013; Price, Fahey, and Felix, 2010) 
and to minimize intrapulpal temperature increases 
(Leprince et al., 2010).

3 Polywave light‐emitting diode units (with two or 
more spectral peaks) have been introduced that use 
two or more different colors of LED, meaning that 
their spectral output ranges from blue (460 nm) to 
violet (410 nm) wavelengths of light. These lights can 
polymerize composite resin containing both conven-
tional and alternative photoinitiators.

Management
The light tip should be moved around by a few milli-
meters when light curing (Rueggeberg, 2013). This 
movement should compensate for the nonuniform irra-
diance and spectral distributions from the LCU.

Differing irradiance
With some LCUs, the irradiance may be high close to 
the tip but declines rapidly as the distance from the tip 
end increases (Price and Ferracane, 2012). Most class II 
resin restorations fail at the gingival portion of the 
proximal box (Mjör, 2005). This is the region that is 
the most difficult to reach with the LCU and is furthest 
away from the light source (Price and Ferracane, 
2012). Consequently, the resin here will receive the 
least amount of light and will be undercured (Shortall 
et  al., 2013). Increasing the distance decreases the 
dentin shear bond strength (Xu, Sandras, and Burgess, 
2006) (Figure 1.3).

Prevention and management
Increasing curing time will compensate for the 
decreased dentin shear bond strength. It is important 
to learn how to use the LCU to maximize the energy 
delivered to the composite. Place the central axis of 
the tip of the light directly over the restoration sur-
face; the emitting end should be parallel to the surface 
being exposed.

When using an LCU with an inhomogeneous light 
output, move the light tip around and increase the 
exposure time. This should also be done where 
undercuts are present that prevent straight‐line 
access to the composite. Additionally, in this situation, 
use supplementary buccolingual curing (but beware 
of overheating). Another consideration is the dis-
tance from light tip to composite increment. If more 
than 2–3 mm away, then use thinner increments of 
composite, for example, 1 mm to insure a complete 
cure.

Actual

Hot spot

Cold spot

Figure 1.2 Transverse section of a fiber‐optic tip of a light curing unit and light passing across it demonstrating hot and cold spot.
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Post complications

Maximizing post and buildup retention 
without compromising tooth 
resistance form
Prevention and management
Post length
Length is an important factor that affects the retention 
of the posts in the root.

The determination of the appropriate post length and 
the remaining root canal filling after preparation has 
been studied extensively. Some studies recommended 
that the post should be longer than the crown length, 
halfway between the root apex and the crest of the alve-
olar bone. Other studies suggest that posts with three 
quarters the length of the root are less likely to debond 
(Leary, Aquilino, and Svare, 1987). Kessler and Peters’ 
findings showed no perforations with a size 2 or 3 Gates 
Glidden bur in mandibular molars and that the danger 
of creating thin or perforated walls was much greater 
toward the bifurcation.

Increasing the post length is associated with a 
significant enhancement in post retention (Macedo, 
Faria e Silva, and Marcondes Martins, 2010) while 
keeping in mind maintaining of 4–5 mm of the gutta‐
percha seal. However, in cases of curved root canals 
where the desired length may not be achievable, greater 
length into the root canals is not necessary to enhance 
the retention of bonded fiber posts (Braga et al., 2006).

A safe and well‐recognized rule to follow is to make 
the post at least equal to crown length however, never 
removing the remaining 5 mm of endodontic filling 
material (Figure 1.4).

Post diameter is too large
Maintaining the remaining tooth structure is an impor-
tant objective while restoring endodontically treated 
teeth. However, an increase in post diameter may result 
in more reduction of root dentin. At the same time, 
some studies did not find any significant increase in the 
post retention by using a large post diameter (Hunter, 
Feiglin, and Williams, 1989).

Prevention and management
Studies have shown that post diameter should not 
be more than one third of the root diameter at any 
locations and at the post tip the diameter of post should 
be 1 mm or less (Standlee, Caputo, and Hanson, 1978). 
Another study suggests that the posts should be sur-
rounded by 1 mm of sound dentin.

Complications related to post design
Post design can be classified according to two categories: 
shape and surface configuration.
1 According to shape, there are parallel‐sided and 

tapered posts.
2 According to surface configuration, there are threaded, 

serrated, cross‐hatched, and smooth surface posts.
One clinical study found that parallel‐sided, ser-

rated posts have more retention than tapered and 
smooth posts. Standlee and Caputo in their study 
reported that endodontic posts with transverse serra-
tions or cross‐hatching were retained better than 
posts with longitudinal threads (Standlee and 
Caputo, 1993). However, another study indicated 
that threaded posts are the most retentive (Cohen 
et  al., 1999), as threaded posts engage into the root 
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Figure 1.3 The relation between the 
intensity and distance of the curing light.

Join us: https://t.me/dental_books_lib



10   Chapter 1

dentin compared to smooth surface posts that depend 
mainly on the cement for retention.

Even though tapered posts result in less tooth 
reduction, they create a wedging effect and stresses on 
the remaining root structure.

Asmussen, Peutzfeldt, and Sahafi (2005) and Cooney, 
Caputo, and Trabert (1986) and another study done by 
Yang et  al. (2001) reported that parallel‐sided dowels 
distributed stress widely in the dentin leading to more 
stable restorations in contrast to tapered posts, which 
showed the greatest stress concentration and displace-
ment under horizontal forces. However, the threads in 
these actively fitting posts may produce a higher stress 
during placement resulting in root fracture (Cooney, 
Caputo, and Trabert, 1986). For these reasons, most 
studies suggest smooth surface posts and the enhance-
ment of cements to reach the required post retention 
(Hagge, Wong, and Lindemuth, 2002).

Posts leading to root fracture
Prevention and management
Several points should be evaluated and considered to 
reduce the possibility of root fracture. A low modulus 
material (less stiff, more flexible) allows greater bending 
under load. When strain exceeds the yield point, the 
material is irreversibly deformed even after the load has 

been removed. The placement of endodontic posts cre-
ates an unnatural restored structure, because it fills the 
root canal with a material that has stiffness unlike that 
of the pulp and it is not possible to recreate the original 
stress distribution within the tooth (Ona et al., 2013). 
Nevertheless, it is necessary to have materials whose 
mechanical properties closely resemble the properties 
of dentin (E = 18 GPa) (Bateman, Ricketts, and Saunders, 
2003). According to Galhano et  al. (2005a), posts 
reinforced with fibers have an modulus of elasticity of 
approximately 20 GPa, while cast metal alloy posts and 
prefabricated metal posts have an E of about 200 GPa 
and ceramic posts about 150 GPa (Galhano et al., 2005b). 
Thus, posts reinforced with fibers have mechanical 
properties similar to dentin, which show a flexural 
modulus of about 18 GPa. Posts must also have adequate 
modulus to avoid distortion under load (Kinney, 
Marshall, and Marshall, 2003).

Akkayan and Gülmez evaluated the resistance to 
fracture of endodontically treated teeth restored with 
different post systems and concluded that teeth restored 
with posts that have properties closer to those of the 
dental structure, such as the glass fiber posts, showed 
favorable fractures; however, those restored with 
titanium and zirconia posts demonstrated catastrophic 
fractures (Akkayan and Gülmez, 2002).

Post should be
surrounded by 1 mm
of sound dentint

Pd = Post diameter
Rd = Root diameter

Post diameter = Root diameter/3

Pd

Rd

Ideal amount of guttapercha that
should be left behind for proper apical
seal (5 mm)

Figure 1.4 Ideal post length and post 
diameter for a post and core restoration.
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Discoloration of the tooth with metal posts
Prevention and management
Discoloration can occur because of the metal post and 
it can be solved with the use of zirconia dowels 
(Meyenberg, Lüthy, and Schärer, 1995) and (Hochman 
and Zalkind, 1999), a tooth‐colored ceramic. This 
avoids the discoloration of tooth structure that can 
occur with metal dowels, and the zirconia dowels 
produce optical properties comparable to all‐ceramic 
crowns (Michalakis et  al., 2004; Toksavul, Turkun, 
and Toman, 2004), though retrieval of these posts can 
be difficult as they possess a hard surface and are very 
brittle.

Mechanical retention of the post
The zirconia dowel has a smooth surface configu-
ration with no grooves, serrations, or roughness 
to  enhance mechanical retention. As a result, the 
zirconia dowel does not bond well to composite 
resins and may not provide the best support for these 
dowels. They also have poor resin‐bonding capabil-
ities to dentin after dynamic loading and cycling due 
to the rigidity of the dowel (Dietschi, Romelli, and 
Goretti, 1998). Debonding and loss of retention are 
the most likely causes of failure associated with 
using fiber‐reinforced posts (Segerström, Astbäck, 
and Ekstrand, 2006).

The relatively smooth surface of fiber‐reinforced 
posts limits the mechanical bonding of resin cements 
into the post surfaces. Micro‐abrasive surface treat-
ments have been studied thoroughly to assess their 
effects on the bond strength between fiber posts and 
resin cements. The effects of these treatments depend 
on the hardness, size, and shape of the particles 
(Oshida et al., 1993).

Prevention and management
Aluminum oxide (alumina) has angular surfaces that 
have the ability to create a rough surface on posts, 
allowing luting cements to interlock micromechanically 
with post surfaces. However, the volume lost from the 
fiber post surface might affect the mechanical properties 
of these posts (Goracci and Ferrari, 2011). It has been 
shown that micro‐mechanical retention is improved 
greatly with the use of airborne alumina particles 
(Prithviraj et al., 2010). Air abrasion should be used but 
with caution to avoid removing excess material from 
the post surface.

Pin complications

Dentinal failures and lateral cracks due 
to pin installation
Prevention and management
Lateral cracks in dentin may be caused if a dull 
drill is employed during channel preparation. Every 
time a drill is used, a small notch may be made on 
the drill shank, indicating the number of times it 
is used.

Limiting the use of presently available drills to the 
preparation of five channels will provide substantial 
assurance against cracking, although the force exerted 
on the drill may also be a factor (Standlee and Caputo, 
1993; Standlee, Caputo, and Hanson, 1978). Using a 
stepwise approach may offer significant advantages 
in pin placement. The first step involves locating or 
creating a flat surface in dentin and then with step-
wise approach may offer significant advantages in pin 
placement. The first step involves locating or creating 
a flat surface in the buildup or restorative material 
(0.5 mm minimum) and the pulp chamber. The initial 
drill should be smaller than the final pin drill. One 
technique recommended by the author is to use a drill 
with a 2 mm depth limiting shoulder and a diameter of 
0.017 smaller than the final pin drill. A self‐shearing 
pin (Max 021, diameter 0.023.02 Coltene–Whaledent) 
is then placed with a slow‐speed latch‐type attach-
ment. This approach creates a straight pin channel and 
secure pin, and the Max 021 system uses a pin with a 
depth‐limiting shelf to prevent pin overextension 
and a rounded retentively designed head to prevent 
untoward stresses in the final restoration or buildup 
material.

Periodontal problems from pin 
perforations into periodontal tissues
Prevention and management
Small perforations into the periodontal ligament may 
be repaired by the removal of the protruding pin por-
tion. This is achieved by creating a gingival flap 
sufficient to gain access and cutting away the excess 
pin with a fine diamond bur used in an air turbine 
handpiece and cooled with water. The tooth surface is 
then polished with abrasive strips and topical fluoride 
applied before the gingival flap is sutured back into 
position (Figure 1.5).
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Proximal contact complications

The placement of direct composite restorations that 
involve posterior proximal surfaces is common in most 
dental patients. Unlike dental amalgam, which can be a 
very forgiving material technically and can be condensed 
against a matrix band to create a proximal contact, proper 
placement of composite restorative materials presents a 
unique set of challenges for the restorative dentist.

The adhesion process itself is well understood by most 
clinicians as far as isolation and execution; however, 
there are some steps in the placement process that cause 
difficulty and may ultimately lead to a compromised 
proximal contact. The following areas of concern will be 
addressed: management of the soft tissue in the inter-
proximal region, creation of proximal contour and 
contact, and finishing and polishing of the restoration.

Improper proximal contact and contour
A major challenge for the dentist is to recreate a physio-
logic proximal contact with the adjacent tooth and, at 
the same time, restore proper interproximal anatomic 
form given the limitations of conventional matrix 
 systems. It is widely accepted that proximal contacts 
are  very important features in a properly functioning 

dentition. A lack of proximal contacts contributes to 
food impaction, secondary caries, tooth movement, and 
periodontal complications (Lacy, 1987).

Prevention and management
The thickness of the matrix band and the ability to com-
press the periodontal ligaments of the tooth being 
restored and the one adjacent to it can sometimes make 
the restoration of proximal tooth contact arduous at 
best. When separation is required for restorative proce-
dures, such as placement of a class II resin composite 
restoration, special separation rings (G‐Ring, Garrison 
Dental; V‐Rings, Triodent; Palodent BiTine rings, 
Dentsply) are routinely more predictable than wooden 
wedges (Loomans et al., 2007).

In three‐surface class II MOD resin composite resto-
rations, tighter proximal contacts were obtained when 
separation rings and sectional matrix bands were 
applied simultaneously for both proximal surfaces 
(Saber et al., 2011).

The use of a sectional matrix band helps achieve a 
tight proximal contact, and the centripetal restorative 
technique can help to obtain contour and anatomy, 
minimizing the use of rotary instruments during the 
finishing procedures (Santos, 2015). The centripetal 

Ideal pin placement: parallel
to long axis of the root

Management: step 2, torque
the screw in anticlockwise

direction and remove it

Management: step 1,
enlarging the screw channel

Compilation: placement
of pin in wrong

orientation

Management: removing the 
extended portion of pin using a red

30 µm diamond !nishing bur

Compilation: perforation of
the pin in the periodontal

space

Figure 1.5 Approaches in treating pin perforation.
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composite filling technique is a variation of the 
incremental buildup technique with composite for class II 
restorations. In the centripetal technique, the first layer 
of composite is placed at the site of missing proximal 
wall, against the band, and light cured. The matrix 
assembly is then removed, affording the operator 
greater access. Subsequent increments are then placed 
as if filling an occlusal restoration (Figure 1.6).

Anatomically, the posterior proximal surface is 
convex occlusally and concave gingivally. The proximal 
contact is elliptical in the buccolingual direction and 
located approximately 1 mm apical to the height of the 
marginal ridge. As the surface of the tooth progresses 
gingivally from the contact area toward the cementoe-
namel junction, a concavity exists that houses the inter-
dental papilla. Conventional matrix systems are made of 
thin, flat metallic strips that are placed circumferentially 
around the tooth to be restored and affixed with some 
sort of retaining device. While contact with the adjacent 
tooth can be made with a circumferential matrix band, 
it is practically impossible to recreate the natural convex/
concave anatomy of the posterior proximal surface 
because of the inherent limitations of these systems. In 
addition, they often create contact points rather than 
contact areas, making the marginal ridges more suscep-
tible to fracture (Loomans et  al., 2008). Attempts to 
“shape” or burnish matrix bands with elliptical instru-
mentation to create an anatomic contact only “distort” 
or “indent” the band and do not recreate complete 
natural interproximal contours.

The best proximal contact areas in class II composite 
restorations were obtained using a sectional matrix 
system. The packability of the resin composite did not 
help to achieve better proximal contacts (Peumans 

et al., 2001). Class II posterior composite resin restorations 
placed with a combination of sectional matrices and 
separation rings resulted in a stronger proximal contact 
than when a circumferential matrix system was used, 
due in part to the occlusal–gingival contour of the band 
that enhances proximal contact and contour (Loomans 
et  al., 2006, 2009). The use of circumferential bands 
paired with separating rings becomes more advanta-
geous with larger restorations. A study (Loomans et al., 
2006) investigated the tightness of the proximal contact 
when placing posterior resin composite restorations 
with circumferential and sectional matrix systems in an 
in vitro model using a special measuring device (Tooth 
Pressure Meter). The use of sectional matrices combined 
with separation rings resulted in tighter proximal con-
tacts compared to when circumferential (Tofflemire) 
systems were used. This new in vitro model, which uses 
the Tooth Pressure Meter to simulate clinical conditions 
when restoring class II resin composite restorations, 
seems to produce reliable, clinically representative 
results (Loomans et al., 2008).

Inadequate finishing and polishing 
of the proximal restoration
After placing a class II composite restoration with an 
adequate contact, the restoration must be properly 
finished and polished. The posterior interproximal 
areas are particularly difficult to access, and special 
techniques must be employed to accomplish optimal 
restorations.

Prevention and management
After removal of the sectional matrix and BiTine (also 
called separating rings, G‐Ring, and V‐Rings) ring and 
wedge assembly, a sharp explorer may be used to assess 
the marginal integrity of the composite in the proximal 
areas. Dental floss is also very useful to evaluate the 
presence of overhanging composite material and BiTine 
(also called separating rings, G‐Ring, and V‐Rings) ring 
and wedge assembly, a sharp explorer may be used to 
assess the marginal integrity of effective in the removal 
of excess material interproximally. Following the gross 
removal step, the surface may be planed smooth with 
sequential (course to fine) composite finishing strips. 
Care must be exercised to avoid lacerating the gingival 
tissues and lips during this step. Ultrathin composite 
finishing disks may also achieve reasonable access to 
facial and lingual embrasures.

Figure 1.6 Figure showing centripetal (wall) technique.
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Overhanging margins
Prevention and management
Overhanging margins can be removed with interproxi-
mal gold knives or No. 12 scalpels. When overhangs 
cannot be removed, it is advised to replace the restora-
tion. Finishing strips are usually unable to remove large 
overhangs.

Bulky indirect restorations with overhangs should 
be trimmed and polished to be flush with the tooth 
margins, without any overhangs prior to cementation. 
If not possible, a new restoration should be fabricated.

Poor registration of contacts on moist 
articulating paper
Prevention and management
To show occlusal contacts, tooth surfaces must be well 
isolated and dry (McCullock, 2003). Instructing the 
patient to bite on dry gauze may also further dry the 
teeth. Ink transfer to teeth and even highly polished 
 restorations are facilitated with the use of even very 
thin articulating paper, if the paper is coated with a 
thin layer of petroleum jelly (Vaseline). The patient 
must also be positioned in the upright position in 
order to record more functional contacts typical with 
mastication.

Complications related to occlusal 
adjustments

False contacts on teeth caused by thick 
articulating paper
Prevention and management
When the excessive thickness of articulating paper 
exceeds the maximum recommended thickness of 
occlusal recording strips, it can result in false con-
tacts (Sapkota and Gupta, 2014). To record the first 
point of contact, the author recommends thin strips 
lightly coated with Vaseline on dry teeth as noted 
earlier.

Perforation of crowns due to excessive 
occlusal grinding
Prevention and management
According to Wassell, Barker, and Steele (2002), the use 
of a Svensen gauge is invaluable for predicting areas 
vulnerable to perforation during occlusal adjustment of 
crowns.

A perforated crown must be sent back to the labora-
tory. Prevention of this complication is the only 
management. If the crown is perforated, the crown prep-
aration should be reevaluated, and adequate clearance 
for the crown should be provided with a new crown 
 fabricated and delivered for the best outcome.

Selecting best shaped and grit bur for 
occlusal adjustments with ceramics
Prevention and management
Wassell, Barker, and Steele (2002) suggest the use of a 
flame‐shaped diamond in a high‐ or low‐speed hand-
piece for occlusal adjustment. Other shapes may be 
employed as long as the diamond grit is 30 µm (red 
striped diamonds, Brasseler USA) or less, as more course 
grits may lead to deep scratches and crack propagation 
of modern ceramic materials.

Infra‐occlusion
If the tooth is out of occlusion (in hypo‐occlusion), 
the opposing tooth will supra‐erupt. After supra‐
eruption, the proximal contacts might be lost in the 
opposing arch, leading to a mesial drift, which might 
disturb occlusal stability. If a crown is infra‐occluded, 
a new crown should be delivered with proper occlusal 
contacts. In the case of direct composite restorations, 
proper occlusion should be built by adding material 
on the deficient spots. Amalgam restorations which 
are in infra‐occlusion should be removed and 
replaced if occlusal stability depends on the amalgam 
surface.

Difficult to be certain when the mandible 
is in centric relation
Prevention and management
According to Long (1973) and as cited by Golsen and 
Shaw (1984), the use of a leaf gauge aids significantly 
in positioning the mandible in centric relation. The 
leaf gauge technique involves inserting thin plastic 
leaves between the anterior teeth, having the patient 
bite normally, and then asking them to squeeze with a 
centric relation. The leaf gauge technique involves 
inserting thin plastic leaves between the anterior teeth 
till the first point of contact is identified (by the 
patient), after which a few more leaves are added back 
to keep the teeth separated. At this point, centric rela-
tion may be recorded with a rigid bite registration 
material or hard wax.
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Abfraction lesions may be a result 
of occlusal discrepancies
Prevention and management
Occlusal splints have been recommended to prevent the 
initiation and progression of abfraction lesions (Perez 
et al., 2012); however, it is generally believed that these 
lesions are most likely multifactorial and may also 
involve abrasion from tooth brushing with abrasive 
dentifrices and corrosion from either intrinsic or 
extrinsic acid sources (Grippo, Simring, and Schreiner, 
2004).

Loss of vertical dimension due to 
injudicious occlusal grinding
Prevention and management
Maxillary lingual cusps and mandibular buccal cusps 
are  essential to maintain vertical dimension. It’s a 
rule  that the centric holding cusps are not adjusted 
unless  necessary to allow for maximum intercuspal 
position (MIP) (Patel and Tripathi 2014). When exten-
sive occlusal discrepancies exist, it is recommended that 
a centric relation record be taken and the diagnostic 
casts mounted. The occlusion may then be evaluated 
and a trial equilibration completed on the casts to use 
vertical dimension changes.

Inordinate amount of time is often 
required to adjust the occlusion of a 
newly fabricated crown
Prevention and management
Management required to adjust the occlusion of a new 
unit cast restoration may significantly decrease the 
chance of a lengthy clinical occlusal adjustment 
(Boyarsky, Loos, and Leknius, 1999). Prior to waxing 
the crown, for example, the technician or dentist should 
perform a minor equilibration of the casts to insure 
accurate MIP.

Complications related to gold/
ceramic: Inlay/onlays

The most common technical reason for failure is loss of 
retention. Other reasons could be:
•  Inappropriate seating of cast restorations
•  Visible cement margin (Hollenback, 1943)
•  Improper function and esthetics after restoring

•  Inaccurate seating or fit
•  Improper function and esthetics after restoring
•  Secondary caries due to poor marginal fit
•  Crown failures due to caries and defective margins

Corrosion of gold and amalgam
There could be corrosion of gold and amalgam placed in 
contact with each other. Contact of a gold surface with 
freshly placed amalgam will produce a silver‐colored 
stain on the contact area of the gold.

Prevention and management
Cast gold restorations may be placed next to old or 
freshly placed amalgams without significant permanent 
corrosion of the restorations.

When these restorations are placed next to each 
other, it does produce silver staining; this may be pol-
ished away with pumice or allowed to wear away over 
time (Fusayama, Katayori, and Nomoto, 1963).

Fractured ceramic inlays
In many cases, fractures take place during the initial try-
ing‐in and cementation stage and are probably caused 
by the formation of local stress zone in the inlay 
(Dérand, 1991). Thin inlays are far more sensitive to 
fracture than thicker ones. Other factors that contribute 
to inlay fracture are the production of defects such as 
pores, cracks, and poor fit, as well as an exaggerated fis-
sure system, which constitutes crack initiators and 
reduces the thickness of inlays.

Prevention and management
The thickness of a ceramic inlay in the direction of a 
load should be 1.5 mm minimum, and if it is not 
1.5 mm, there could be fractures. Certain defects like 
pores, cracks, and poor fit may affect the strength of 
inlays. The occurrence of smooth supporting surfaces 
and softly rounded contours reduces the degree of 
tensile and bending stress and thereby reduces 
the risk of local stress concentrations. The avoidance 
of thin inlay edges and restricting the occlusal 
dimension of the inlay address these risks. Reduction 
of weak cusps not only reduces the risk of ceramic 
fractures (Milleding, Ortengren, and Karlsson, 1995) 
but also with the intentional extension of an inlay to 
an onlay will reduce the wedging effect observed with 
large inlays.
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Deep fissures in ceramic inlays
Overly deep fissures may be created in ceramic inlays by 
technicians, and reduced material thickness increases 
the risk of the inlay to fracture (Milleding, Ortengren, 
and Karlsson, 1995).

Polymerization shrinkage of luting agents may lead to 
stresses, and due to microcracks in the tooth, shooting 
pain may be elicited (Milleding, Ortengren, and 
Karlsson, 1995).

Prevention and management
It is important to inform lab technicians to maintain at 
least 1 mm of inlay thickness at the base of grooves. 
Obviously, the restorative dentist will need to provide 
preparations of adequate depth to afford the technician 
with a bulk of ceramic which is resistant to fracture.

Poorly adapted indirect restorations
Marginal adaptation (fit) is considered to be a primary 
and significant factor in the prevention of secondary 
caries and is an important indicator of the overall 
acceptability of the cast restoration.

Prevention and management
Methods of improving marginal adaptation and seating 
of restorations (Schwartz, 1986) include:
•  Intentional over‐waxing the margins of the wax pattern
•  Removing wax from the internal surface of the wax 

pattern prior to fabrication
•  Internal relief of the cast restoration by sandblasting
•  Adjusting the intaglio with burs after using a dis-

closing technique (PVS or occlusal indicating sprays)
•  Mechanical milling with burs with or without dis-

closing wax
•  Internal relief of the ceramic restoration by acid etching
•  Electrochemical milling (stripping, deplating) gold 

restorations
•  Occlusal venting for escape of excess cement of fall gold 

crowns
•  Devices to apply and maintain seating force (bite sticks)
•  Vibration during cementation (with ultrasonics or 

hand malleting)
•  Internal relief of wax by application of a die spacer to 

the die before fabrication of wax pattern

Inadequate retention and resistance form
What is the best method to mitigate inadequate reten-
tion and resistance form of the cavity preparation?

Prevention and management
The correction of inadequate retention and resistance 
form of cemented (not bonded) restorations may usu-
ally be addressed by decreasing taper and increasing 
preparation length. When neither of these modifica-
tions are possible, secondary fractures may be employed 
(Gilboe and Teteruck, 2005).

Secondary auxiliary retention features include proximal 
boxes, axial grooves, and the use of integral pins (parts of 
the casting). Adding proximal boxes will give superior 
results over grooves. Although cast pins are helpful, they 
require impression and waxing analogues, and these are 
difficult to locate today. An alternative to a pin is a slot, 
made into the pulpal or gingival walls with a 169 L bur to 
a depth of 1.5–2.0 mm. Impressions may be easy to obtain 
with slots by using a small instrument (or 30 gauge needle 
to vent out air) to adapt the PVS impression material to 
the internal retentive features during the impression 
making (Stevenson and Patrice, 2013) (Table 1.2).

Resistance to fully seating crowns against 
the prepared margin due to heavy 
proximal contacts
Prevention and management
Insert a precision single face diamond dental strip 
(ContacEZ diamond dental strip) into the distal 
 interproximal space with the abrasive side facing the 
crown. Pass the strip buccolingually a few times to check 
interproximal pressure against the strip. Repeat this 
procedure in the mesial interproximal space.

When more pressure is detected in the mesial than the 
distal interproximal space, pass the strip buccolingually a 
few more times (5–6 times), through the mesial space 
until there is light resistance in the interproximal space.

When light resistance in both the mesial and distal 
interproximal spaces is equal, the ideal proximal contact 
adjustment of the crown is complete. The proximal sur-
face may then be highly polished with a ceramic polish-
ing wheel.

A finished crown from the dental laboratory may pre-
sent with a heavy proximal contact. Dentist should test 
both contacts, with dental floss to determine which 
contact is heavier. Many times the assumption is wrong, 
causing an open proximal contact on one side with the 
heavy proximal contact left intact on the other side. The 
crown then has to be sent back to the dental laboratory 
for porcelain addition to the open contact, or  sometimes, 
the restoration must be remade.
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Polishing

Damage to cementum at cervical area of 
restorations due to polishing
Prevention and management
Avoid rotary instruments over the cementum area as it 
may remove a layer of cementum at the cervical area 
(Carranza et al., 2006).

The best method to avoid damage to the cementum 
is to control the restorative material during placement. 
If small amounts of composite resin extend on to the 
root surface, careful removal with a curette or scalpel 
is preferred to rotary instrumentation. Mopper 
 recommends that finishing and polishing should be 
achieved with a low‐speed, high‐torque handpiece, 
typically anywhere from 7 000 to 30 000 rpm. A  high‐
speed handpiece may be used to precontour, but 
using anything over 30 000 rpm during finishing and 
polishing is too high. Low‐speed, high‐torque is 
 preferable, because it gives the operator complete 
control and the side of a composite cup style polisher 
may be used to polish subgingival areas of class V 
restorations.

Dull finish on microfill composite 
restorations and nano‐filled composite
Prevention and management
Diamond or aluminum oxide disks, rubber cups and 
points, and an aluminum oxide polishing paste are used 
to obtain the best polish on a microfill composite 
(Mopper, 2011; Türkün and Türkün 2004).

Finishing metal margins of porcelain  
fused to metal crowns
Prevention and management
Metal surfaces can be finished with finishing burs fol-
lowed by rubber abrasive points (Kenda, Liechtenstein, 
and Shofu (brownie, greenie, and super greenie)). 
Abrasive disks (SofLex, 3M) are useful for flat areas such 
as proximal contact points and can be used on either 
metal or porcelain. Porcelain can also be finished with 
composite finishing diamonds (Premier: yellow and white 
stripe), but a light touch and water spray are needed to 
avoid stripping off the diamond coating. Further finishing 
is achieved with rubber abrasive points (Kenda: white) 
followed by a felt wheel or rubber cup with diamond 
 polishing paste (Wassell, Barker, and Steele, 2002).

Table 1.2 Primary and secondary factors in retention and resistance form.

1. Primary factors:
a. Parallelism
b. Length
c. Surface area

2. Secondary factors:
a. Groove
b. Box
c. Pin hole
d. Combination of a, b, and c

The application of principles and factors
Problema Correction
Inadequate retention and resistance form Compensatory principle (increase) Compensatory factor (add)
Parallelism Length Groove

Box
Pin

Length Parallelism Pin
Surface area

Surface area Surface area Groove
Box
Pin

Gilboe and Teteruck (2005).
a Inadequate retention and resistance form.
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Polishing of gold restorations that 
appear to be dull
Prevention and management
Bruce (2008) advocates the use of a system of disks 
and powders. The three disks recommended are paper 
disks of medium garnet, fine sand, and fine cuttle grit 
on a slow‐speed straight mandrel. According to Bruce 
(2008) “The powders are applied using a soft rubber 
cup that is ribbed, not webbed, to avoid scratching 
the  gold using a slow‐speed latch‐type contra‐angle. 
The first powder is a No. 4 flour of pumice used wet; 
the second a 15‐µm alumin.” Bruce (2008) states that 
this can be accomplished in small restorations using 
brownies, greenies, and super greenies with light 
pressure with higher speeds and always with an air 
stream to control heat.

Gingivally extensive composite 
restorations

Functional and esthetic failure due to 
inadequate contouring and polishing
Prevention and management
The initial contouring can be performed with a series 
of finishing burs to replicate the natural form of the 
tooth. For finishing the facial surface, a long, needle‐
shaped finishing bur is used to develop the proper 
 anatomical contours of the facial aspect of the anterior 
tooth. To replicate natural form and texture, 16 and 30 
fluted, needle‐shaped finishing burs are used. These 
burs are used dry with light pressure to prevent heat 
buildup.

This short, tapered, needle‐shaped finishing bur is 
used to develop the proper anatomical contours of the 
facial aspect of the anterior tooth. To replicate natural 
form and texture, 16 and 30 fluted, needle‐shaped 
finishing burs are used. These burs are short, tapered, 
straight‐edge finishing burs, which conforms to the 
straight emergence profile as the tooth emerges from 
the gingival sulcus. Care should be taken to avoid the 
cementum.

It is important to use a dry protocol and retract the 
gingiva with an instrument or placement of a cord, 
closely observing tooth structure and the gingival 
margin. It is important not to overheat the resin by 
using excessive pressure. It is also imperative not to 
ditch or scar the cementum at the gingival margin.

After the initial finishing procedure, the margins and 
surface defects are sealed. The restoration and all margins 
are re‐etched for 15 s with a 35% orthophosphoric acid, 
rinsed for 5 s, and dried. A layer of composite surface seal-
ant may be applied over the margins and the restoration. 
This will prevent leakage and seal any microfractures or 
microscopic porosities in the material that may have 
formed during finishing. The use of surface sealant has 
been shown to reduce the wear rate of posterior 
composite resins (Dickinson and Leinfelder, 1993), 
improve resistance to interfacial staining (Kemp‐Scholte 
and Davidson, 1988), and decrease microleakage around 
class V composite resins (Estafan et al., 2000). Any excess 
resin can be removed with a No. 12 scalpel.

Impression problems

Improper capture of margins due to 
various factors such as saliva, oral fluid, 
and bleeding
Prevention and management
This can be solved by using gingival displacement paste 
like Expasyl which has been shown to have a better 
response in achieving horizontal displacement of the 
gingival sulcus than gingival retraction cord (Prasanna 
et al., 2013). Also, in cases of equigingival and  subgingival 
(<2 mm) preparation margins, Magic FoamCord  gingival 
retraction system is a less traumatic alternative method 
of gingival retraction than packing a retraction cord. 
However, when there are deep subgingival margins and 
a beveled preparation, the material is less effective than 
the single cord retraction technique (Beier, Kranewitter, 
and Dumfahrt, 2009). A two‐cord technique works well 
in both vertical and horizontal retractions, with the top 
cord being removed prior to attempting the impression. 
One of the most important techniques is to dry the 
marginal area prior to injecting impression material in 
the sulcus.

There are three techniques for tissue displace - 
ment: mechanical, chemico‐mechanical, and surgical. 
Mechanical displacement of the gingiva can be done 
either by the use of copper bands or with a plain retrac-
tion cord. By combining chemical action with packing 
of a retraction cord, a chemico‐mechanical displace-
ment of the tissue can take place. The surgical retrac-
tion is possible by laser, electrosurgery, or rotatory 
curettage (Levartovsky et al., 2012), where excess tissue 
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which impedes access to the finish line may be 
removed. Sulcular bleeding can be solved by using 
racemic epinephrine cord or aluminum sulfate cord, 
which are more effective than non‐medicated cord. 
Hemorrhage control with a cord saturated in Hemodent 
is more effective than water‐saturated or dry cords 
(Weir and Williams, 1984).

Voids and bubbles in the impression
Prevention and management
Addition of polyvinyl siloxane impression materials can 
solve this. They exhibit low contact angle values and the 
least number of voids in the die stone cast when com-
pared with polysulfide impression materials (Reddy 
et al., 2012). A key principle in reducing voids is to thor-
oughly dry the teeth and preparations which will be 
impressed. The technique of impressing the preparation 
where every area of the surface is completely covered 
with a low‐viscosity syringed material helps to reduce 
axial wall voids and creases caused from the difference 
in syringe and tray viscosities.

Gag reflex experienced by the patient 
during the impression taking
Prevention and management
If the patient has a gag reflex, try to mix thick alginate, 
so it does not flow in the sensitive area in the back of the 
throat and posterior aspects of the soft palate and faucial 
pillars. The patient should be made to sit upright, and 
legs should be raised. Salt on tongue has proven effec-
tive, while some indicate topical analgesia in the 
sensitive areas for the same (Farrier et al., 2011).

Audiotapes of relaxation procedures that include 
imagery, progressive muscle relaxation, and self‐ 
suggestion components should be given to the patient 
with instructions that the constant practice of listening 
to them might reduce his/her arousal level sufficiently to 
decrease or eliminate the gagging response (Neumann 
and McCarty, 2001). The use of acupuncture in 
controlling the gag reflex is an effective method of 
controlling severe gag reflex as well, during dental 
treatment including impression taking (Rosted et  al., 
2006). Also, the fears related to dental procedures should 
be discussed with the patient, and the patient should be 
advised to practice relaxation several times a week.

With routine single tooth posterior crowns/inlays/
onlays, a double bite tray may often be used to eliminate 
gagging, versus using a full‐arch impression technique.

Bleaching

More than 100 million Americans whiten and/or bleach 
their teeth and spend an estimated $15 billion (Krupp, 
2008). Bleaching/whitening of teeth is a very demanding 
procedure now, and clinicians should be aware of the 
complications and challenges that might be attached to it.

Difficulties/challenges before 
beaching

Special cases
Tetracycline‐stained teeth: Tetracycline is an antibiotic, 
which causes permanent discoloration of teeth which 
vary from yellow or gray to brown. Tooth staining/ 
discoloration with tetracycline is influenced by the dos-
age used, length of treatment or exposure, stage of tooth 
mineralization (or calcification), and degree of activity 
of the mineralization process. It has been found in a 
study that “when used daily for 6 months, a 6.5% H2O2 
bleaching strip can be effective in whitening tetracy-
cline stains. The professional strip was well tolerated 
throughout the 6‐month period” (Kugel et al., 2011).

Fluorosis: Endemic dental fluorosis is usually known as 
mottled enamel and can be defined as enamel hypoplasia 
characterized by moderate to severe staining of the tooth 
surface. Fluorosis becomes clinically significant when the 
patient has a prolonged history of ingesting water that 
contains more than 1.0 ppm of fluoride ion. The more the 
concentration of fluoride ion, the more severe the 
condition becomes (Bailey and Christen, 1968).

Sundfeld et al. indicate the use of enamel macroreduc-
tion, enamel microabrasion, followed by home bleaching 
with carbamide peroxide (Opalescence, Ultradent 
Products) to remove the texture of the intrinsic white 
enamel stain of hypoplastic areas and mild erosion due 
to dental fluorosis (Parinitha et al., 2014) (Table 1.3).

Complications during whitening 
treatment

Sensitivity
It has been found that the most common side effect of 
tooth bleaching is sensitivity of the teeth, and we can 
observe that in 15–78% of the patients (Dahl and 
Pallesen, 2003). If a patient experiences more than a 
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moderate degree of tooth sensitivity, stop the treatment 
and place potassium nitrate as a desensitizing gel for about 
20 min on the sensitive teeth (Zekonis et al., 2003).

Gingival irritation
High hydrogen peroxide concentrations are caustic to 
gingiva and oral mucosal tissues, which might cause 
burns and bleaching of the gingiva. To prevent an insult 
to the tissue, design a stiff tray that has contact solely 
with the teeth (Dahl and Pallesen, 2003).

Complications post whitening 
treatment

Posttreatment temperature sensitivity after bleaching is 
a common complication in up to half of vital tooth cases. 
However, the mechanism is not fully understood, but it 
is believed that the sensitivity results from pulp reaction 
to the bleaching agent in the early stages of treatment 
and it could last for 2–3 days (Li and Greenwall, 2013).

Prevention and management
To prevent this scenario, you should evaluate the tooth 
before bleaching by assessing the tooth vitality using the 
cold test and the electric pulp test; also looking at the 
periapical radiographs is important to rule out any pos-
sible sensitivity due to compromised situations (e.g., a 
cracked tooth) that already exist. If the teeth become 
sensitive after the treatment, the dentist can advise the 
patient to use a desensitizing toothpaste, and if this 
approach does not relieve the discomfort, after multiple 
applications, the dentist can start with the fluoride gel or 
any special desensitizing agent (Croll, 2003).

Postoperative hypersensitivity

Postoperative hypersensitivity (POH) refers to the pain 
associated with mastication or sensitivity to hot, cold, 
and/or sweet food or beverages, which is present from 
a  few days to weeks after the tooth has undergone 
 restoration. Pain that occurs during clenching only, 
indicating a restoration in hyperocclusion, usually is 
excluded from the definition of POH. Sensitivity can be 
measured clinically or by the participant’s own report or 
both. (Strober et al., 2013).

Bonding failures
The longevity of resin‐based composite restorations is 
compromised when bonding between the resin and 
interior cavity walls fails to prevent marginal microle-
akage. The passage of water and other species (microor-
ganisms) into the space between the resin material and 
cavity wall may give rise to postoperative sensitivity, 
secondary caries, and further physical deterioration 
of  the marginal seal (Christensen, 1996; Kohler, 
Rasmusson, and Odman, 2000; Van Nieuwenhuysen 
et al., 2003).

Inadequate air drying may also cause sensitivity after 
restoration. To be more precise, an explanation of the 
reduction in bond strengths seen with no air‐drying was 
that solvents, such as water and ethanol, might act as 
inhibitors for the polymerization of resin components in 
adhesive (Cho, 2004).

Some self‐etching primer bonding systems show 
dentin bond strengths that are less than adequate if the 
enamel surface was not air‐dried or if air‐drying was 
prolonged for more than 5 s after application of self‐
etching primer. Clinicians using these simplified systems 

Table 1.3 Best bleaching practices for difficult cases.

S. no. Condition Bleaching

1 Enamel hypoplasia Enamel macroreduction, enamel microabrasion followed by home bleaching with carbamide 
peroxide (Opalescence, Ultradent Products) to remove the texture of the intrinsic white 
enamel stain of hypoplastic areas and mild erosion due to dental fluorosis

2 Tetracycline When used daily for 6 months, a 6.5% H2O2 bleaching strip can be effective in whitening 
tetracycline stains. The professional strip was well tolerated throughout the 6‐month period

3 Restored teeth Bleaching is contraindicated. If future trials and further research provide good results, new 
materials can be found promising, for example, chlorine dioxide (Agnihotry et al., 2014)

Gilboe and Teteruck (2005). Reproduced with permission from Elsevier.
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must be aware of technique factors that can influence 
bond strengths (Chiba et al., 2006).

Prevention and management
Apply two or more coats of bonding agent, air thinning, 
and curing each layer individually according to the 
manufacture instructions. Air thinning was advanta-
geous with a 3 s blast of air as compared to 1 s (Bonilla 
et al., 2003).

Changing material: The SE resins are the most fool-
proof way to eliminate postoperative sensitivity.

Large restorations can cause greater 
sensitivity
Al‐Omari, Al‐Omari, and Omar (2006) showed that short‐
term (2–30 days) postoperative sensitivity was affected by 
lesion depth (27% of the middle‐third lesions, 58% of the 
inner third lesions), whereas medium‐term (>30 days) post-
operative sensitivity was affected neither by the method of 
cavity treatment nor by the depth of lesion. Furthermore, 
the larger the cavity preparation, the greater the area of 
dentinal tubules exposed. Likewise, the deeper the cavity, 
the wider are the dentinal tubules. These morphological 
factors could explain why deeper cavities had more reports 
of postoperative sensitivity and pain (Auschill et al., 2009). 
This might also help to explain why class II cavities had 
more postoperative sensitivity than class I cavities.

Management
1 Sandwich technique (Figures 1.7 and 1.8):

Resin‐modified liner + glass ionomer as a body + layer 
of composite

2 Incremental layering of composite to rebuild the dentin 
and then place cusps individually to eliminate cross 
tooth shrinkage (Deliperi and Bardwell 2006a, b).

3 The use of indirect restorations in large restorations 
(inlay, onlay) or PFM:
The indirect technique allows for the production 
of  restorations in the laboratory after impression 
 making. Appropriate proximal contour and contact 
and control of anatomic form can be easily achieved. 
In the direct inlay/onlay technique, the restoration is 
formed directly in the cavity; after an initial cure, it is 
removed from the cavity and post‐cured in a heat 
and  light oven. Improved mechanical and physical 
 properties are expected, compared to the direct light‐
cured‐onlay composite due to the overall increase in 
conversion (Wendt, 1987a, b).
A higher stress relaxation and improved marginal 

adaptation are also expected. The amount of shrinkage 
is limited to the thin luting resin composite layer 
(Shortall and Baylis, 1991).

Miscellaneous complications in 
restorative dentistry

Overheating of pulp
The accidental overheating of the pulp during cavity 
preparation can cause sensitivity, especially when the 
remaining dentin thickness is less than 1.5 mm and when 
there is inadequate water coolant sprayed  during cavity 
preparation with high and low torque handpieces.

RMGIC (Liner)
RMGIC (Liner)

Composite

RMGIC/GIC (Restorative)

Closed sandwich
(a) (b)

Composite

Open sandwich

- RMGIC (Liner) - RMGIC/GIC (Restorative)- Composite

Scale :

Figure 1.7 (a) Open and (b) close sandwich technique in a class V cavity.
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Prevention and management
Sufficient water cooling is necessary, and if dry cutting is 
used, one must use it with light pressure and limit the 
bur‐contact time to less than 20 s at a time during cavity 
preparation with high‐ and low‐torque handpieces 
(Kwon et al., 2013).

Thermal hazard to pulp
The following are the potential thermal hazard to the 
pulp and supporting tissue that might result from rou-
tine clinical procedures:
1 Tooth preparation
2 Light curing of composite resin
3 Fabrication of provisional crown
4 Thermoplasticized root canal obturation
5 The use of ultrasonic devices in post or file removal

Prevention and management
Clinical guidelines are summarized in the succeeding text:
Tooth preparation: Sufficient water cooling is 

necessary, and if dry cutting is used, one must use it 
with light pressure and limit the bur‐contact time to 
less than 20 s at a time during cavity preparation 
with high‐ and low‐ torque handpieces.

Light curing of composite resin: A 1–2 mm thick insulation 
layer of glass ionomer in deep cavities with residual 
dentin thickness of 0.5 mm and two‐step curing 
or  ramp curing are recommended for complete 
 polymerization and less heat generation.

Fabrication of provisional crowns: In vital crown prep-
aration, air–water spray must be used as a cooling 
technique. One can also use the putty matrix as a 

heat sink, and depending on the situation, the putty 
matrix can be refrigerated.

Thermoplasticized root canal obturation: The heat 
source activation must be limited to 3 s, and efforts 
must be made to limit the amount of heated GP 
injected at one time, especially in dangerous zones 
where the dentin wall is very thin, such as the man-
dibular incisors and mesial canal of the lower 
molars.

The use of ultrasonic devices in post or file removal: One 
must use the smallest ultrasonic tips for the lowest 
power, together with at least 40 ml/min of water 
cooling. The tip‐contact time must be limited to 60 s at 
a time.

Excess cement removal during crown 
cementation
Prevention and management
Lowe (2011) suggests that at the smallest ultrasonic tips 
of the lowest power, together with at least 40 ml/min of 
water, cooling spray should be used to remove excess 
cement. Furthermore, a sonic or piezo scaler with water 
spray can also be used carefully to ensure complete 
cement removal from the sulcular areas.

Resin cements prone to postoperative 
sensitivity
Prevention and management
Using self‐etching primers before cementation and 
avoiding the total‐etch procedure on teeth receiving 
resin‐cemented restorations can reduce or eliminate 
this problem (Christensen, 2002).

- RMGIC (Liner) - RMGIC/GIC (Restorative)- Composite

Scale :

RMGIC (Liner)

Composite

Open sandwich

RMGIC (Liner)

Composite

Closed sandwich

RMGIC/GIC (Restorative)

(a) (b)

Figure 1.8 (a) Open and (b) close sandwich technique in a class II cavity.
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Improper seating of restoration during 
cementation of a crown
Prevention and management
If a restoration has been seated incorrectly and 
this problem is determined almost immediately after 
cementation, gently tapping on the restoration may 
help remove it (Christensen, 2002). Unfortunately, 
the more common occurrence is that the restoration 
may not be easily dislodged from the tooth and will 
require bur sectioning to remove it, thereby requiring 
the fabrication of a new restoration. If care is taken 
not to damage the finish line area of the preparation 
during removal, the original die may be used to fabri-
cate a new restoration without the need for a new 
impression, assuming the die itself is also 
undamaged.

Set cement in the contact area
Prevention and management
Remove the most coronal portion of cement between 
the observable occlusal contact areas. After clearing the 
most coronal aspect with a sharp instrument or an 
explorer, the next step would be to clean the area 
around the contract. Apply gentle force between the 
teeth with a blunt instrument such as a beaver‐tail bur-
nisher and push waxed dental floss through the partially 
open contact area to remove the cement (Christensen, 
2002). Another technique is to use any of the interprox-
imal stripping materials, like diamond‐coated finishing 
strips. Some of these are available with serrated edges to 
facilitate cement removal.
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Complications of periodontitis

Periodontal abscess
A periodontal abscess is an acute inflammatory reaction to 
the bacterial biofilm and dental calculus. It is important to 
understand the difference between periodontal, gingival, 
and pulpal (endodontic) abscesses. Gingival abscesses are 
confined to the soft gingival tissues and do not involve loss 
of attachment; they are usually caused by the accidental 
inclusion of foreign bodies into the soft tissues. Pulpal 
abscesses can drain through the periodontal ligament 
space causing a localized pocket but are associated with a 
necrotic pulp. Hence, testing tooth vitality is crucial in dif-
ferentiating between a periodontal and a pulpal abscess.

Prevention
Because a periodontal abscess (Figure 2.1) is essentially 
initiated by bacteria accumulation, it is of utmost impor-
tance for patients to have good oral hygiene habits to 
 prevent inflammation. Patients with poorly controlled or 
noncontrolled diabetes should be monitored because they 
tend to develop periodontal abscesses with high frequency 
and greater numbers than controlled or nondiabetics.

Treatment
Figure  2.2 describes the treatment for periodontal 
abscess.

Pericoronitis
Pericoronitis occurs around the crown of a partially 
erupted tooth due to the accumulation of bacteria and/
or foreign bodies under the gingiva (Hupp, Ellis, and 

Tucker, 2008). Partially erupted mandibular third 
molars are commonly involved.

Clinical signs and symptoms (Juniper and Parkins, 1990):
1 Severe pain radiating from the tooth (can spread to 

the ear or throat).
2 Fever and malaise.
3 Gingiva may be ulcerated and reddish in color.
4 Suppuration.
5 Swelling at the angle of the mandible.
6 Trismus.
7 Lymphadenitis.
8 May progress to Ludwig angina.

Prevention
Removal of the partially impacted tooth (Hupp, Ellis, 
and Tucker, 2008) and good oral hygiene

Treatment
The treatment includes irrigating the site under local 
anesthesia, draining the acute inflammatory process, 
and often extracting the affected tooth (Topazian, 
Goldberg, and Hupp, 2001). If the tooth is salvageable 
and space exists for its eruption, the tissue covering the 
tooth may be excised (operculectomy). It may be pru-
dent to adjust the occlusal surface of the opposing tooth 
so the gingiva is no longer injured. Antibiotics may be 
prescribed if there are systemic signs present (Serio and 
Hawley, 2002). Studies have found that patients 
improved the periodontal status of the distal second 
molars and teeth more anterior in the mouth with 
removal of the third molars with mild pericoronitis 
(Dicus‐Brookes et al., 2013).

Periodontal complications
Deborah A. Termeie and Paulo M. Camargo
Section of Periodontics, Clinical Dental Sciences, UCLA School of Dentistry, Los Angeles, CA, USA
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Gingival enlargement
Gingival enlargement may be secondary to biofilm‐induced 
inflammation, genetics (hereditary gingival  fibromatosis), 
systemic disorders (leukemia, granulomatous diseases, 
diabetes, vitamin C deficiency, plasma cell gingivitis, and 
pregnancy), puberty, developmental deformities (tumors), 
mouth breathing, or medications (see Figure 2.3).

Prevention
Biofilm control through proper oral hygiene is of utmost 
importance to help prevent gingival enlargement, even in 
cases where the primary offending agent is a systemic 
medication. The incidence of gingival enlargement 
(Figure  2.4) in kidney transplant patients taking cyclo-
sporine A was reduced with intensive motivation of 

patients to maintain good oral hygiene (Reali et al., 2009). 
It should be remembered that drug‐induced gingival 
enlargement can be minimized, but not fully prevented, 
by meticulous oral hygiene, regular periodontal recalls, 
and elimination of local irritants (Hall, 1997). Patients 
may also prevent gingival enlargement caused by drugs 
by ceasing drug therapy or substituting the offending 
medication by another drug; this approach is not always 
an option, and patients should always speak to their med-
ical care provider before changing medication regimens.

Treatment
If gingival enlargement hinders function, esthetics, 
speech, or oral hygiene, tissue reduction can be achieved 
by a flap procedure or gingivectomy (Hall, 1997).

Periodontal
abscess

• A pocket is present

• Vital pulp

• Dull pain

• Lateral radiolucency (possible)

Pulpal abscess

• Large restoration/caries

• Localized deep periodontal pocket (possible)

• Acute pain

• Nonvital pulp

• No mobility

• Fistula at the apex or other areas (lateral aspect or through pocket) 

Gingival abscess

• More super!cial than a periodontal abscess 

• Painful

• Expands rapidly

Figure 2.1 The characteristics of a 
periodontal, pulpal, and gingival abscess. 
Termeie (2013). Reproduced with 
permission from Quintessence Publishing 
Company Inc., Chicago, IL.

Drain the
abscess

Scaling and
root planing

Analgesic
medication

Possible
antibiotics
(patient is

feeling malaise
and weakness

as well as
lymphadenopathy)

Possible tooth 
extraction if

tooth is
hopeless

Patient should
return for

evaluation of the
site within the

week. The patient
may need

periodontal
surgical therapy

Irrigate with
saline

or water 

Figure 2.2 Treatment of a periodontal abscess.
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Recurrent periodontitis
Recurrent periodontitis is defined as disease that has not 
responded to treatment. This can be caused by inade-
quate home care, inadequate maintenance, or poor 
response to therapy (recalcitrant disease) (Novak, 
2006). The bacteria flora associated with recurrent dis-
ease include higher counts of Tannerella forsythia, 
Prevotella intermedia, and Porphyromonas gingivalis. It has 
also been shown that 90% of patients with recurrent 
disease are smokers (Johnson and Slach, 2001). The 
effect of smoking on the lack of response to therapy 
and/or disease recurrence may be associated to modifi-
cations in neutrophil phagocytosis and altered produc-
tion of cytokines.

Prevention
Patients who have had periodontal therapy, both non-
surgical and surgical for the treatment of periodontitis, 
should have maintenance visits at least four times a 
year (Schallhorn and Snider, 1981; Cohen, 2003). The 
shorter the recall interval for maintenance visits 

following periodontal surgery, the greater the 
likelihood of the long‐term benefits of periodontal 
therapy (Westfelt et  al., 1983). Good oral hygiene 
should be maintained to aid in preventing recurrent 
disease.

Treatment
In cases of recurrent disease due to persistent  pathogens 
and possibly weakened host resistance (recalcitrant dis-
ease), systemic antibiotics can be helpful (Slots, 2004). 
It has been shown (Serino et al., 2001) that patients 
with recurrent disease and who received retreatment 
with scaling and root planing, comprehensive suprag-
ingival plaque removal, and systemic administration of 
antibiotics showed improved periodontal conditions in 
the short term (3 years). However, even though some 
patients and most sites remained free of disease pro-
gression, only 5 of the 17 patients had fully stable 
periodontal attachment levels at 5 years after 
retreatment.

Tooth loss due to periodontitis
Periodontitis may result in tooth loss due to progres-
sive destruction of the attachment and supporting 
bone. Long‐term studies have examined the effects of 
periodontal treatment in preventing tooth loss. 
Hirschfeld and Wasserman (1978) followed 600 
patients over 22 years and found a rate of 7.1% overall 
tooth loss (0.08 teeth per patient per year), and 31% of 
the teeth that were lost had furcation invasions at 
baseline. Another study (McFall, 1982) observing 100 
patents over 19 years found 9.8% of all surgically 
treated teeth were lost, while 7.1% of nonsurgically 
trea ted teeth were lost. Based on the aforementioned 

Anticonvulsants

Most common is phenytonin, and it is used for epilepsy.
Based on the position papers by the American Academy of 
Periodontology (AAP), 50% of patients develop gingival 
enlargement

Calcium channel
blockers

Most common is ni!dipine. It is a calcium channel blocker 
and is used to treat angina and hypertension. Based on 
position papers by the AAP, the prevalence of gingival 
enlargement is 6–15%

Immunosupressants
(cyclosporine)

According to position papers by the AAP, the prevalence is 
greater than 70% in children and 25–30% in adults

Figure 2.3 Medications causing gingival 
enlargement. Adapted from Dongari‐
Bagtzoglu (2004) in Termeie 2013.

Figure 2.4 Drug‐induced gingival hyperplasia.
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studies, the following conclusions can be made 
(Termeie, 2013):
1 Furcation‐involved teeth are lost 3–5 times as often as 

other teeth.
2 Maxillary molars are the most often lost teeth, while 

lower canines are the least often lost teeth.
3 Periodontal disease tends to be bilateral and 

symmetrical.
4 Periodontal therapy has 87–92% tooth retention over 

prolonged periods of time.
It is also known that slightly less than 20% of all tooth 

extractions are caused by periodontitis (Brown, Oliver, 
and Löe, 1989), making it still a fairly common reason 
to perform extractions.

Prevention
Oral hygiene and periodic recalls combined with 
 frequent professional examinations are the best way to 
prevent tooth loss. A study by Becker, Becker, and Berg 
(1984) examined patients who did not comply with 
 recommended periodontal treatment and found the 
 following after an average of 3.7 years:
0.36 teeth lost per patient per year in patients who 

were not treated
0.22 teeth lost per patient per year in patients who 

were treated but not maintained
0.11 teeth lost per patient per year in patients who 

were treated and maintained

Furcation involvement
Attachment and bone loss in furcation areas are more 
challenging to arrest and maintain than flat surfaces on 
molar and other teeth. Hence, early furcation diagnosis 
and treatment enhance the long‐term prognosis of 
molars. There is a greater prevalence of furcation 
involvement in maxillary molars (distal aspect of the 
maxillary first molar) than in mandibular molars 
(Svärdström and Wennström, 1966). Studies have 
shown a higher percentage of furcation involvement but 
no greater mobility in molars with a crown or proximal 
restoration when compared with nonrestored molars 
(Wang, Burgett, and Shyr, 1993). The anatomical factors 
associated with furcation lesions are shown in Figure 2.5.

Classification
The Glickman (1953) classification is as follows:
1 Grade I: Incipient suprabony lesion. Radiographic 

changes are rarely found.

2 Grade II: Furcation bone loss with a horizontal 
 component. Radiographs may not show bone loss in 
the furcation.

3 Grade III: A through and through lesion (bone is 
not attached to the fornix of the furcation) that is 
not clinically visible because it is filled with soft 
tissue.

4 Grade IV: A through and through lesion that is clini-
cally visible. The soft tissue has receded apically. 
Radiolucency is clearly visible in the furcation area.

Prevention
Tooth‐related local factors should be corrected when 
possible and routine professional cleanings.

Treatment
1 Nonsurgical debridement
2 Surgical debridement
3 Surgical exposure of the furcation
4 Regeneration (bone grafts, GTR, and biologicals)
5 Root resection
6 Tunnel preparation
7 Extraction

A review of 50 papers evaluating 1016 grade II furca-
tions showed that regenerative treatment only resulted 
in complete closure of the furcation in 20% of the 
lesions and an improvement from grade II to a grade I 

Furcation
lesions

Cementicles

Restorations
placed in the

furcation

Cemental
enamel

projections

Intermediate
bifurcation

ridges

Furcation
and root

concavities

Accessory
pulp

canals

Enamel
pearls

Figure 2.5 Anatomical factors associated with furcation lesions. 
Termeie (2013). Reproduced with permission from 
Quintessence Publishing Company Inc., Chicago, IL.
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furcation in 33% of the cases. In general, there was a 
50% improvement in pocket depth reduction and 
clinical attachment gain with regenerative treatment of 
grade II furcations. The most effective treatment was a 
GTR combined with a bone graft (Evans et al., 1996).

The following were found to reduce the frequency of 
clinical closure of class II defects when attempting to 
perform regenerative therapy (Bowers et al., 2003):
1 Increased distance between the roof of the furcation 

and the crest of the bone
2 Increased distance between the roof of the furcation 

and the base of the defect
3 The depth of the horizontal defect
4 Increased divergence of roots at the crest of the bone
5 Smoking

Suppuration
Suppuration is a clinical sign of infection and inflamma-
tion. Increased levels of gingival inflammation and a 
slight increase in connective tissue neutrophils have 
been observed histologically in sites with suppuration 
(Passo et al., 1988). Because suppuration is found in 
only 3–5% of sites with periodontal disease, by itself, it 
is not a reliable predictor of periodontal disease progres-
sion. Suppuration with other clinical parameters such as 
bleeding on probing and increased probing depth 
increases the positive predictive value of disease pro-
gression (Lang et al., 2008). Periodontal health should 
include the absence of suppuration.

Prevention
Decreasing and maintaining low levels of bacterial bio-
film result in the elimination of gingival suppuration. 
Good oral hygiene and frequent recalls can help in pre-
venting suppuration following the active phase of 
treatment.

Treatment
Scaling and root planing, reevaluation, and a decision 
about surgical treatment are the options to eliminate 
suppuration. Kaldahl et al. (1990) looked at the effect of 
modified Widman flap surgery, osseous resective sur-
gery, scaling and root planing, and coronal scaling in the 
treatment of periodontitis, including the elimination of 
gingival suppuration. Modified Widman flap surgery, 
osseous resective surgery, and scaling and root planing 
were more effective than coronal scaling in reducing 
suppuration in pockets greater than or equal to 5 mm.

Complications of periodontal 
treatment

Postoperative bleeding
Excessive bleeding following periodontal surgery can be 
a result of an overlooked medical condition (i.e., uncon-
trolled hypertension) or a medication taken by the 
patient (antiplatelet aggregation agents such as aspirin 
or other anticoagulant agents such as warfarin).

Bleeding after surgery can also be a result of other 
local and general factors, like mechanical trauma to the 
area, ingestion of hot liquids (coffee, soup, etc.), or 
extensive physical activities.

Flap preparation and suturing are important factors in 
preventing postoperative bleeding. Poor adaptation of 
the flap to the underlying bone where “dead” spaces are 
created can result in postoperative hemorrhage. The 
blood clot that often forms in such spaces and its dis-
lodgment may initiate bleeding in the course of healing. 
Proper flap preparation, suturing, and digital pressure 
application immediately after surgery will minimize the 
possibility of such “dead” spaces to develop.

Prevention
1 Thorough examination of the patient’s medical 

history
2 Knowledge of nonprescription and prescription med-

ications that the patient may be taking
3 Achievement of hemostasis at the end of the surgery 

and before the patient is dismissed
4 Proper postoperative instructions

Treatment
Removal of the blood clot by the patient is necessary. 
If bleeding is indeed active, digital pressure with a 2 × 2 
gauze compress or a black tea bag for an uninterrupted 
period of 10 min is the first step. Should it not be effec-
tive, the dental professional must assess the patient for 
emergency treatment.

In‐office management of postoperative bleeding 
includes identification of the bleeding area, injection of 
the anesthetic solution that contains vasoconstrictor, 
removal of any blood clot present in the area, and pos-
sible resuturing of the surgical area. The aforemen-
tioned steps can be combined with the application of 
local clot formation‐enhancing agents such as oxidized 
cellulose polymer (polyanhydroglucuronic acid), which 
can be cut in different shapes and placed over the 
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affected area. Microfibrillar collagen is another effective 
hemostatic agent. It is delivered to the bleeding site with 
the use of a forceps, and it attracts and immobilizes 
platelets efficiently.

If the patient fails to respond to in‐office treatment, 
referral to an emergency room for further management 
is recommended.

Nerve injury
Please see section “Implant Hits a Nerve” in Chapter 7.

Postsurgical inflammation/edema/pain/infection
The signs of inflammation include rubor (redness), 
tumor (swelling), calor (heat), dolor (pain), and loss of 
function. Edema or gingival swelling can be found in 
inflamed gingival tissues. There is an accumulation of 
fluids in the connective tissue due to increased perme-
ability as a result of inflammation. Edema causes the 
gingival margins to be more rounded, puffy, and 
enlarged. Periodontal therapy, whether surgical or non-
surgical, is associated with systemic inflammation 
(Graziani et al., 2010).

There are two reasons why edema may occur. It may 
occur due to inflammation or infection. When edema is 
caused by inflammation, the edema peaks at the third day 
and subsides thereafter as opposed to when the edema is 
associated with an infection and the edema increase after 
the third day. Table 2.1 discusses the differences.

It is expected for a patient to have pain following 
periodontal surgery; however, severe pain may indicate 
abnormal healing. Curtis, McLain, and Hutchinson 
(1985) evaluated pain with flap surgery, mucogingival 
surgery, and osseous surgery and reported 5.5% (304 
patients) of cases had moderate to severe pain. 
Mucogingival surgery was 3.5 times more likely to cause 
pain than osseous surgery.

Prevention
1 Reduce surgical time.
2 Clean incisions, gentle handling of flaps, avoiding 

temperatures to exceed 47°C (to prevent necrosis) 
and flaps healing by primary intention can help pre-
vent pain (Greenstein et al. 2008)

3 Offering long‐lasting analgesia right after surgery 
(bupivacaine)

4 Place cold ice packs for the first couple of hours
5 Patients should take nonsteroidal anti‐inflammatory 

drugs even if they have no pain
The principles of asepsis must be followed to prevent 

infection. It is also prudent to do scaling and root plan-
ing before periodontal surgery to mechanically decrease 
the bacterial load. The data suggests that there is no 
benefit to prophylactic antibiotics to prevent infection 
(Pack and Haber, 1983; Callis, Lemmer, and Touyz, 
1996). Routine prescription of antibiotics following 
periodontal surgery is not recommended (Tseng, Huang, 

Table 2.1 Difference between edema associated with infection and inflammation.

Edema Associated with 
inflammation

Associated with infection

Cause Normal healing response Mostly unknown

Contamination during surgery

Time of 
onset

Increase till about the third 
day

Worsens after the third day

Pain Discomfort for the first 
couple of days

Increased pain after a couple of days

Discharge No Yes

Common Yes Rare after periodontal therapy

Found about 2% after periodontal surgery and 6% when surgery was done without osteoplasty 
or ostectomy (Powell et al., 2005; Pack and Haber, 1983)

Treatment Cold compresses Systemic antibiotics
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and Tseng, 1993). Lastly, it is of importance to debride 
the surgical site before suturing the flaps to remove 
loose debris.

Treatment
When treating pain, it is important to understand the 
cause of the pain before deciding to use drugs (see 
Table 2.2) to get rid of it. If fever and lymphadenopathy 
are present, antibiotics may be needed. The clinician 
should consider prescribing narcotics when  nonsteroidal 
drugs are not working:
1 Inquire about the patient’s medical and dental  history 

(e.g., trauma from brushing or chewing food, temper-
ature stimulus, mouth opening, lying down, presence 
of pulpal or periapical pathologies or caries, or root 
fracture on treated teeth or teeth adjacent to the sur-
gical area, which may lead to a diagnosis of reversible 
or irreversible pulpitis and dentinal hypersensitivity)

2 Inquire about the patient’s analgesic intake and com-
pliance to postoperative instructions

3 Assess the presence of abnormal healing which may be 
due to an infection, flap dehiscence, or a bone seques-
trum. If an infection is present, systemic  antibiotics 
should be prescribed. For flap dehiscence, the dentist 
should mitigate the pain and give it adequate time to 
heal. A bone sequestrum should be removed

4 Assess radiographic enlargement of the periodontal 
ligament of teeth involved in the surgical area and the 
sensitivity to percussion, which may lead to a diag-
nosis of trauma from occlusion

Investigation of Pain (Durand et al., 2013)

Table 2.2 Drug options for pain.

Drug and dosage Frequency

Ibuprofen: 800 mg Take one tablet every 8 h (may 
interfere with hypertensive drugs)

Acetaminophen: 300 mg
Codeine: 30 mg

Take one tablet every 8 h

Hydrocodone: 7.5 mg
Ibuprofen: 200 mg

Take one tablet every 6 h (q6h)

Hydrocodone: 5 mg
Acetaminophen: 325 mg

Take one tablet every 6 h (q6h)

Oxycodone: 5 mg
Acetaminophen: 325 mg

Take one tablet every 6 h (q6h)

Oxycodone: 4.88 mg
Aspirin: 325 mg

Take one tablet every 6 h (q6h)

CASE: PATIENT DEVELOPS AN 
INFECTION

A 40‐year‐old healthy patient calls her surgeon a week 
after she has pocket reduction complaining that she 
feels weak and feverish. The surgeon schedules her 
that day and finds (Figures 2.6 and 2.7) that the left 
side of her face is swollen and the surgical site is red, 
swollen, and erythematous.

The patient has an infection. She was placed on 
clindamycin 300 mg three times a day for 8 days (she is 
allergic to penicillin). She was also put on a soft diet 
and was seen every other day for debridement of the 
area with saline and minocycline. The patient healed 
after 2 weeks and had no other complications.

Figure 2.6 Patient presentation to the office (swelling 
on the left side).

Figure 2.7 Infection at post‐op (swollen and inflamed 
tissue).
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Tooth/root sensitivity
Dentinal hypersensitivity is common in patients who 
have attrition, abrasion, erosion, and gingival recession 
of teeth. It usually affects individuals in between the 
ages of 20 and 50 years. The most common sites are the 
buccal‐cervical regions of the canine and premolar 
teeth. Patients feel a short and sharp pain triggered by 
exposed dentinal tubules as a consequence to tactile, 
chemical, thermal, osmotic, or evaporative stimuli 
(Samuel, Khatri, and Acharya, 2014).

Management/treatment
The two most important points in the management of 
dentinal sensitivity are plaque control and patient edu-
cation. Dental sensitivity is transient and may be 
resolved in 8 weeks following surgery (Trowbridge and 
Silver, 1990).

If the patient continues to complain of dentin hyper-
sensitivity, there are several products available that can 
be applied either at home or in the office. The products 
that are available for home use take time to take effect. 
Patients should not eat or drink for 1 h following 
treatment with the agent.

Mobility of the teeth after surgery
Tooth mobility may be increased postsurgery, but it goes 
back to pretreatment levels by the fourth week 
(Klokkevold, Takei, and Carranza, 2006). It has been 
shown (Kerry et al., 1982) that tooth mobility did not 
change following scaling and root planing, curettage, or 
modified Widman flap; however, mobility increased 
temporarily after surgery involving an apically posi-
tioned flap combined with osseous surgery. However 
that increased mobility returns to presurgical levels 
within 6 months.

Prevention
The clinician should exercise judgment in the amount of 
ostectomy performed because it can lead to permanent 
tooth mobility.

Treatment
Treatment is not recommended for this complication. 
Splinting may be necessary when the teeth do not 
return to presurgical levels or have increasing mobility.

Ecchymosis
Ecchymosis, a nonelevated hemorrhagic patch greater 
than 10 mm (Greenstein et al., 2008), may result from 
bleeding into the tissue planes of the neck, injury to 
small capillaries, reflection of large flaps, and incom-
plete hemostasis. It is more common in the elderly and 
is of concern when infection is present. The ecchymosis 
may be tender at first, but it disappears rapidly. The 
bruise may take several days to get better. It may ini-
tially appear as a deep blue‐black color to a lighter shade 
of purple and then green (Killey and Kay, 1977).

Prevention
Ecchymosis can be reduced with gentle soft tissue 
management. When elevating a flap, elevators should be 
placed on bone, and when flaps are repositioned, it is 
essential to place pressure for several minutes to allow the 
bleeding to cease. Lastly, the suction tip should be placed 
on bone and not on the soft tissue (Greenstein et al., 2008).

Treatment
A comprehensive informed consent would educate and 
reassure the patient that the condition does not require 
any treatment and resolves by itself overtime.

Flap necrosis/wound dehiscence/flap tears 
or perforations
Flap necrosis is also referred to as sloughing, and it is a 
consequence of compromised blood supply to the flap. 
Healing occurs by secondary intention through the 
development of granulation tissue.

During the first 10 days following suturing, the wound 
may become dehisced and heal by secondary intention. 
This can be caused by poor suturing, flap tension, poor 
flap design (see the following text under the section 
“Prevention”), trauma, dead space, radiation therapy, 
and flap perforation at the base (Greenstein et al., 2008).

Flap tears can be a major complication and may occur 
because the tissue is thin, there are exostosis present 
that make it more difficult to reflect the tissue, or an 
incomplete incision (do not use a dull blade) was made 
and reflection causes a tear.

Prevention
Proper flap design and management are important in 
preventing necrosis. Specific factors are:
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1 Flap wider at the base
2 Flap thicker at the base
3 Overall flap thickness
4 Avoidance of flap perforations
5 Flap adaptation

Wound dehiscence can be prevented if there is 
 adequate extension and reflection of the flaps (tension‐
free closure). Proper suturing techniques including a 
minimal amount of sutures are used (to prevent an 
ischemic incident) (Fugazzotto, 1999), and the flaps are 
sutured without tension. Dentures should be relined 
and relieved to prevent any trauma to the surgical site. 
Smokers should refrain from smoking after surgery to 
prevent wound dehiscence. To prevent pull from mus-
cles, interrupted sutures with mattress sutures should 
be used (Greenstein et al., 2008).

Flap perforation can be prevented with careful plan-
ing and reflection of an adequately sized flap and 
employing a gentle surgical technique to prevent too 
much tension. Adequate flap release is important to 
prevent flap perforation, and that can be achieved via 
vertical incisions and mesial–distal extension of the sur-
gical area to avoid tension on the flap. It is also impor-
tant to place the surgical suction away from the thin 
tissue to prevent a tear in the flap. Cortellini and Tonetti 
(2001) found that microsurgery can limit soft tissue 
damage, improve soft tissue healing, and limit 
recession.

Management
Time is the most important factor when managing 
flap necrosis. Since the bone becomes exposed fol-
lowing soft tissue necrosis, its outermost layers also 
become nonviable. Osteoclasts have to migrate from 
underlying viable bone in order to resorb the necrotic 
portion of it. It is only after the completion of the 
resorption process that new soft tissue will develop in 
the area. This process is long and uncomfortable for 
the patient. Analgesic medication is usually necessary 
for prolonged periods of time. Chlorhexidine and/or 
antibiotics should also be prescribed for the patient to 
avoid secondary infection. In order to accelerate 
necrotic bone resorption, its mechanical removal can 
be performed with rotary instruments under local 
anesthesia. In certain cases, particularly those of 
overall thin bone, flap and bone necrosis can lead to 

permanent deformities of the  alveolar house and 
result in tooth loss.

If a perforation occurs, the flaps should be cautiously 
repositioned and sutured first, and then the tear should 
be sutured with 6.0 absorbable sutures.

Suture abscess
This complication is often caused when a part of 
the  suture is not removed at the postoperative 
appointment.

Prevention
Sharp surgical scissors should be utilized for suture 
removal. The number of sutures placed at the time of 
surgery should be documented in the notes and then 
checked at the time of suture removal (Killey and Kay, 
1977). The use of resorbable sutures would avoid the 
need to remove the suture, and thus prevent a possible 
suture abscess.

CASE

A 63‐year‐old patient with mild hypertension and high 
cholesterol presented to the office with generalized 
4–6 mm pockets on the lower left side. She had 
osseous surgery on #17–#21. After surgery there was 
necrosis of the lingual flap (Figure 2.8). Ibuprofen 
800 mg 3×/day for 1 week was prescribed with 
chlorhexidine rinses. The soft tissue healed after 
2.5 months.

Figure 2.8 A case of necrosis on the lingual flap.
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Treatment
The patient may need to be given local anesthesia, and 
the suture must be recovered. An incision is made in the 
mucosa and the abscess is drained, and the area is 
curetted. The area can remain unsutured to allow drain-
age. The patient may also be given a course of antibiotics 
(Vastardis and Yukna, 2003).

Loss of the interdental papilla
Inappropriate flap design and diminished blood supply 
to the papilla can cause it to be lost. The effect of papilla 
loss includes phonetic problems, esthetic impairment, 
and interproximal food entrapment. The treatment plan 
depends on whether the interdental papilla loss has 
occurred in an esthetic area.

Prevention
Because it is extremely difficult to reconstruct papillae, 
they must be preserved. When planing flap design and 
the teeth are not too close interproximally, a papilla 
preservation flap may be used. The papilla is incorpo-
rated into the lingual or facial flap.

Treatment
Esthetic: The success of papillae reconstruction depends on 
the distance between the bone crest and the interproximal 
contact point (Tarnow, Magner, and Fletcher, 1992). 
According to many studies, predictable reconstruction of 
lost interproximal papillae is not yet possible. Forced 
eruption may be the best way to bring tissue down to 
support the interdental papilla. The entire attachment of a 
tooth will follow the root of the tooth as it is moved coro-
nally. Restorative materials (pink acrylic or porcelain) can 
also be used to enhance the esthetics in the area. The 
patient should be educated on proper oral hygiene as well.

Procedure specific complications

Free gingival graft
Bleeding from the donor site (palate)
The area of most concern is the posterior palate. It is 
important to understand the average distances from 
the grea ter palatine foramen (should be avoided) to the 
cementoenamel junction (CEJ). Guidelines for average 
distances have been described as follows (Reiser et al., 1996):

•  Deep palate: 17 mm
•  Average depth palate: 12 mm
•  Shallow palate: 7 mm

Bleeding following a free gingival graft may be caused 
by severing the vessel. All attempts should be made to 
achieve hemostasis before the palate is resutured. This 
should be done to prevent bleeding into the tissue 
planes of the neck (Killey and Kay, 1977).

Prevention
1 Knowledge of key anatomical landmarks and avoid-

ing an incision at or around the greater palatine 
foramen.

2 Locate the greater palatine foramen with tactile 
pressure around the first, second, or third molar.

3 The graft should be between 0.75 and 1.25 mm in 
thickness so that enough connective tissue is obtained 
and no deeper to prevent injuring branches of the 
greater palatine foramen.

4 Instructions after surgery play an important role in 
preventing postoperative bleeding.

5 A surgical stent should be made for the patient to pre-
vent bleeding by protecting the surgical wound in the 
donor area.

Management
1 Remove the clot and identify the area of bleeding.
2 Apply pressure at the site for at least 10 min with a 

2 × 2 gauze.
3 If bleeding has not stopped, infiltrate anesthetic with 

epinephrine 1 : 50 000 (depending on patient’s med-
ical history) for vasoconstriction and temporarily stop 
the bleeding.

4 The blood vessel may be clamped with a hemostat to 
prevent further bleeding.

5 The application of a topical hemostatic agent, such as 
Surgicel or Avitene (Davol), can be delivered to the 
site to enhance the formation and stabilization of a 
clot.

6 If none of the above work, ligation of the bleeding 
area with a suture can be attempted.

Free gingival graft detachment postoperatively
A free gingival graft is sutured to the recipient site using 
a variety of suturing techniques (i.e., sling, interrupted 
sutures). There are several reasons why a free gingival 
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graft becomes detached, and this can be due to poor 
adaptation (i.e., the graft is too big for the site), 
 inadequate suturing technique, or the use of the wrong 
suture material.

Prevention
Suturing of a free gingival graft should be conducted 
with sutures that have a small needle and thin thread 
(i.e., 5.0 or 6.0). Synthetic materials such as monofil-
ament are hydrophobic, less subject to bacterial con-
tamination, and result in less tissue marks along the 
incision lines. It is particularly indicated for microsur-
gical  procedures. It has been shown that the use of 
ethyl cyanoacrylate did not alter the graft healing 
process when compared to using sutures (Barbosa 
et al., 2009).

Suturing technique is essential to prevent graft 
detachment. The graft needs to be sutured along the 
horizontal incision and vertical incision, if used. 
Periosteal sutures anchored around the treated teeth are 
useful in eliminating spaces between the underlying 
tissue and the graft which may lead to poor vasculariza-
tion. Digital pressure should also be applied to the graft 
to prevent dead space.

Management
A new graft has to be done in 4–6 weeks after the donor 
site and recipient site have healed.

Graft shrinkage
Free gingival grafts can shrink as much as 45% for very 
thin, 44% for thin, and 38% for intermediate grafts as 
compared to their original dimension (Mormann, Schaer, 
and Firestone, 1981). It is prudent to prepare a recipient 
site that is 50% larger than the intended result would be. 
After treatment the surgical objections are achieved.

Management
Although some shrinkage is expected, it is prudent to 
have a graft thickness between 0.75 and 1.25 mm 
(a thinner graft can lead to more shrinkage). If there is 
excessive shrinkage, then the dentist needs to assess the 
site for further mucogingival surgical treatment.

CASE

A 50‐year‐old healthy male comes to the office for a 
free gingival graft on the lower anterior teeth. The 
graft is sutured with gut (Figure 2.9), and the patient 
leaves the office. That night the patient calls the 
surgeon complaining that the graft has come out. 
When the patient presents to the office the next day, it 
is obvious that the graft has detached. Minimal 
keratinized attached tissue is found a month later 
(Figure 2.10). The graft was not sutured correctly (the 
graft was not sutured to the periosteum or the lateral 
borders), and a better suture material should have 
been used (polypropylene 6.0). There is also a visible 
dead space beneath the graft. The patient will have to 
receive a new graft.

Figure 2.9 The graft was sutured inappropriately.

Figure 2.10 One month after graft detachment.
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Connective tissue graft
Failure to cover the root
The mean expected root coverage by a connective tissue 
graft is 84% (Greenwell et al., 2005). There are many 
reasons why connective tissue grafts may fail or only 
partially succeed:
1 Smoking: Root coverage procedures are less predict-

able and successful in smokers than in nonsmokers 
(58.02% versus 83.35% respectively) (Souza et al., 
2008).

2 Full coverage of connective tissue grafts with a flap 
improves blood supply and decreases the possibility of 
dieback.

3 The defect is too deep and/or wide.
4 Mobility of the graft postoperatively.
5 Increased flap tension because of improper periosteal 

release at the base.

Prevention
Refraining from smoking to the extent possible is 
 beneficial for healing. It is also important to be able to 
stabilize the graft (without tension) with sutures to pre-
vent its movement during healing. Vertical incisions 
should be used cautiously as they tend to cause more 
pain, swelling, and decreased blood circulation. The flap 
should have a broad base, and the length to width ratio 
should not exceed 2 : 1.

Treatment
Depending on the amount of root coverage already 
obtained (if any) and the esthetic concerns of the 
patient, a second procedure may need to be done.

Shallow vestibule following surgery
A shallow vestibule may be a consequence of a 
connective tissue graft that is combined with coronal 
advancement of the flap. This can lead to difficulty in 

following proper oral hygiene measures and prosthetic 
problems (especially in patients that use partial or full 
dentures) (Ho, Elangovan, and Shih, 2012).

Prevention
If the vestibule is too shallow at baseline, then the area 
should be treated with a free gingival graft to increase 
the vestibular depth prior to placement of the connective 
tissue graft.

Treatment
The patient may need to get vestibuloplasty or a free 
gingival graft (if there is a lack of keratinized attached 
gingiva). Studies on deepening the vestibule 
found that they were not effective unless a free gin-
gival graft (or a variant) was used (Takei, Azzi, and 
Han, 2006).

Flap surgery for pocket reduction 
or crown lengthening
The principles of flap preparation and osseous resection 
in surgeries for pocket reduction or crown lengthening 
are similar. Therefore, the complications associated with 
both procedures are alike.

CASE

A 40‐year‐old patient presented for a connective tissue 
graft on #8 and #9. She did not like the gingival 
recession on #8 and #9. She wanted the teeth to look 
even and the roots to be covered. A connective tissue 
procedure was performed (Figure 2.11a and b), but the 
roots were not evenly covered. A second procedure is 
necessary to address the patients’ concerns.

(a)

(b)

Figure 2.11 (a) Before and (b) after of a connective 
tissue case failure.
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Nicking the adjacent tooth/root
Prevention
The use of instruments, rotary or manual, that are ade-
quate in size combined with magnification are the most 
effective techniques to avoid unintended tooth damage. 
If root proximity is severe, consideration can be given to 
orthodontic treatment prior to surgical therapy.

It is important to note that when performing crown 
lengthening, it is recommended to use end‐cutting burs 
for ostectomy to prevent nicking an adjacent tooth.

Treatment
Root damage can only be remediated with odontoplasty, 
restoration, or, in extreme cases, extraction.

Furcation defect while trying to maintain positive 
architecture
It is important to have knowledge of the association bet-
ween furcations and the anatomy in the area when 
performing osseous surgery.

The differences in the position of the furcation 
entrance are as follows (Bower, 1979):
Mandibular molars: Buccal furcation opening is more 

coronal than lingual furcation entrance.
Maxillary molars: Mesial entrance width is bigger than 

the distal entrance width which is greater than the 
buccal entrance width.
The longer the root trunk, the easier it would be for 

the clinician to perform osseous surgery and maintain 
positive architecture without creating furcation involve-
ment. In the process of osseous surgery, the clinician 
needs to be cautious of protecting bone in the furcation. 
If the establishment of positive architecture requires 
bone removal in furcations that are otherwise closed, 
resection is contraindicated.

Prevention
The palatal approach is advocated when performing 
osseous surgery on maxillary molars because the sur-
geon can avoid exposure of the buccal furcation 
(Ochsenbein and Bohannan, 1963). A lingual approach 
is recommended for the mandibular molars because the 
furcation on the lingual aspect is in a more apical posi-
tion than the buccal, the bottom of the crater is usually 
located more lingually because of the natural lingual 
incline of the bicuspids and molars, the root length is 
shorter on the facial, and the buccal furcation is avoided 
(Tibbettes, Ochsenbein, and Loughlin, 1976).

If creating positive architecture would compromise 
the prognosis of the tooth/teeth in the surgical area by 
creating iatrogenic furcation lesions and/or creating 
poor crown to root ratio, it may be more prudent to 
adopt the regenerative approach, leave residual nega-
tive architecture, or consider extracting the tooth and 
replacing it.

Treatment
Figure  2.12 depicts treatment options for furcation 
involvement.

Recession following surgery
There is a tendency for recession after periodontal sur-
gery because the bone supports the soft tissue. Studies 
have shown that following periodontal therapy the gin-
gival margin often shifts an apical direction (Lindhe and 
Nyman, 1980; Gupta and Vandana, 2009). This may 
lead to dental sensitivity and esthetic issues. The greatest 
change occurs in the first 6 months following therapy 
with 29% of sites experiencing an apical shift (Isidor, 
Karring, and Attstrom, 1984). Performing surgery in the 
anterior region may create an esthetic compromise 
(Figure 2.13) particularly if the patient has a high smile 
line. The patient must know that esthetics can be com-
promised and be informed of all risks and alternatives. 
In cases that combine periodontal surgery and restor-
ative dentistry, it is important to wait 6–12 months for 
the gingival margin to stabilize (Pontoriero and 
Carnevale, 2001).

Prevention
There is no way to prevent recession in the periodontal 
area. If surgery must be done, conservative therapy is 
preferred. Therefore, when considering surgery in the 
anterior segment, consideration should be given to 
perioscopy and the papilla preservation technique:
1 Perioscopy: Allows real‐time indirect visualization of 

the root during scaling and root planing. According to 
Stambaugh (2002), it “can offer many patients an 
alternative to periodontal surgery in carefully selected 
sites.”

2 Papilla preservation flap, as described by Takei et al. 
(1985), where a palatal incision is made to allow the 
papilla to move in a buccal direction. However, ade-
quate width (>2 mm) of the papilla is necessary as 
well as a sufficient embrasure space.
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Treatment
The patient may complain of sensitivity (please see 
 complication tooth/root dental sensitivity in this 
chapter) following surgery. The only method of 
improving the esthetic concerns of a patient of reces-
sion following surgery is restorative dentistry (e.g., 
bonding).

According to many studies, reconstruction of lost 
interproximal papillae is not yet predictable. The success 
depends on the distance between the bone crest and 
the interproximal contact point (Tarnow, Magner, and 

Fletcher, 1992). Hirsch et al. (2004) found that flap 
debridement with a subepithelial connective tissue graft 
(with maintenance therapy) was effective in preventing 
mandibular anterior tooth recession. Lastly, restorative 
techniques (pink acrylic) can mask some of the 
recession.

Sequestrum formation postoperatively
Very rarely, a small sharp area of the bone can perforate 
through the gingival tissues and occasionally detach 
from the bone. This is called a sequestrum and occurs 
when gingival tissues are very thin and the bone 
becomes sharp during the remodeling that occurs with 
this type of surgery. It may also occur after the surgeon 
recontours the bone but fails to smooth the sharp areas 
that can poke through the soft tissue.

Management
The sequestrum will usually take care of itself. 
Unfortunately, this can take several weeks and the area 
can cause discomfort while it is healing. The sequestrum 
will usually exfoliate on its own which is usually fol-
lowed by soft tissue healing.

Treatment for furcation
involvement

Nonsurgical
debridement

Surgical
debridement

Regeneration
(guided tissue

regeneration and
enamel matrix

derivative)

Extraction

Root resection

Tunnel preparation

Figure 2.12 Treatment options for furcation involvement. Termeie (2013).

Figure 2.13 Recession after pocket reduction surgery.
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Regenerative therapy
Membrane exposure during regeneration
Table  2.3 describes the characteristics of two types of 
membranes.

There is a 96.1% success rate for the maintenance of 
primary soft tissue closure which means that there is a 
premature membrane exposure 3.9% of the time in 695 
cases studied (Fugazzotto, 1999). Machtei (2001) found 
that nonabsorbable and absorbable membrane exposure 
during healing had a minimal effect on GTR around 
natural teeth.

Another study (De Sanctis, Zucchelli, and Clauser, 
1996) following patients with chronic periodontitis 
found that exposed areas of membranes had bacterial 
colonization in all the microscopic fields. Although no 
bacteria‐positive field was observed in the most apical 
portion of the membranes, the middle portion of many 
of the membranes (16 of 39 (41%)) demonstrated 
microbial colonization.

Prevention
The patient should take antibiotics for at least 1 week 
postoperatively and rinse with 0.12% chlorhexidine for 
12 weeks after guided bone regeneration to reduce post-
operative infection and ensure optimal clinical results 
(Villar and Cochran, 2010). The flap should be designed 
to allow adequate blood flow and flap closure (adequate 
release of the flaps is essential). The flaps should be 

sutured together with a horizontal mattress and then 
single interrupted sutures (Fontana, Rocchietta, and 
Simion, 2010).

A study by Nowzari, Matian, and Slots (1995) 
had  the experimental group receive Augmentin 
(GlaxoSmithKline) and GTR while the control group 
only had GTR. A significantly higher gain in mean 
probing attachment was found at 6 months in the test 
group (36.5% of potential gain to the cementoenamel 
junction) compared with the control group (22.4% of 
potential gain). When the membranes were removed, 
significantly fewer organisms were found in the test 
group (52.2 × 10(6)) compared with the control group 
(488.6 × 10(6)).

Lastly, smoking has an effect on membrane exposure. 
One paper (Lindfors et al., 2010) found that bone grafts 
covered with a nonabsorbable membrane in smokers 
were successful in 63% of cases, whereas the success 
rate in nonsmokers was 95%.

Treatment
Figure 2.14 presents the steps involved in postoperative 
management of membrane exposure. The membrane 
should be monitored, and if infection is evident, it 
should be removed.

If the antibiotic prescribed fails to eradicate the infec-
tion, a broader spectrum antibiotic can be prescribed 
(Amoxicillin can be changed to Augmentin). When the 
infection persists after the antibiotic treatment, the site 
needs to be reopened and debrided.

Failure to regenerate the periodontal unit
It is important to allow selective cells to repopulate the 
wound.

As suggested by Melcher (1976), the repopulation of 
the defect by cells that originate from the Periodontal 
ligament and bone will improve predictability of the 
surgical procedure.

Table 2.3 Characteristics of resorbable and nonresorbable 
membranes.

Resorbable Nonresorbable

Removal is not necessary
Collagenases break down the 
collagen membrane

First to be developed
Another surgery is needed 
to remove it

Chlorhexidine
3x/day using a
cotton swab

Patient recall
weekly

Remove
membrane if

the exposure is
getting bigger

and worse

If infection is
present (pus,
redness, and

swelling),
remove the
membrane

Antibiotic
prescription

Figure 2.14 Postoperative management of membrane exposure. Termeie (2013). Reproduced with permission from Quintessence 
Publishing Company Inc., Chicago, IL.
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Melcher believed that it was important to exclude 
epithelium and allow selective repopulation of the 
wound.

Additionally, there are other factors that can nega-
tively impact periodontal regeneration:
1 Anatomy of the defect: There are greater linear gains 

in deeper pockets, and a site with an angle of 25° or 
less (bony wall to long axis of the tooth) had 1.6 mm 
more attachment than in defects with an angle of 37° 
or more (Tonetti, Pini‐Prato, and Cortellini, 1993). 
The greater the number of walls, the better the 
regenerative outcome (Kim et al., 2004). Another 
study found that the intrabony defect has to be at 
least 4 mm deep to benefit from GTR procedures 
(Laurell et al., 1998).

2 Poor oral hygiene.
3 Inflammation: It should be controlled as much as pos-

sible before surgery as well as after surgery for more 
effective flap management and minimal swelling.

4 Poor technique: Inadequate soft tissue to cover the 
defect because of poor flap design.

5 Hypermobility of the teeth: Severe hypermobility can 
negatively impact the clinical outcome of regenera-
tion (Cortellini, Labriola, and Tonetti, 2007). If 
needed, teeth should be splinted.

6 Smoking: Studies have shown that smokers have less 
pocket reduction than nonsmokers in bone regenera-
tion studies (Tonetti, Pini‐Prato, and Cortellini, 1995; 
Stravropoulos et al., 2004).

7 Systemic issues (e.g., poorly controlled diabetes and 
immune suppression).

Prevention
Good defect selection and oral hygiene with proper 
maintenance, proper flap design, tooth splinting, and 
elimination of smoking can lead to more favorable out-
comes. Adequate presurgical therapy can reduce tissue 
trauma.

Treatment
The surgeon may decide that due to anatomical 
factors or social behaviors (for instance, smoking) 
regeneration was not ideal for the patient. Osseous 
surgery or more frequent scaling and root planing 
appointments may be an alternative approach. 
However, if the cause of the first failed regenerative 
attempt is understood and can be avoided, regenera-
tion may be attempted again.

Insufficient keratinized tissue to cover the defect 
and regenerative devices
It is important for the surgeon to plan the flap design 
and predict the need to cover the bone graft and barrier 
membranes. If the membrane or graft becomes 
exposed, it can compromise the outcome (Rose and 
Minsk, 2004).

Management
It is important for the surgeon to design a flap with 
tension‐free closure. Vertical incisions, coronal advance-
ment, and periosteal releasing incisions (at the base of 
the flap) may be required to allow the flap to cover the 
surgical site. Horizontal mattress sutures and interrupted 
sutures allow the flap to be stabilized (Rose and Minsk, 
2004). If the lack of keratinized attached tissue appears 
critical, a free gingival graft should be done as a separate 
procedure.

Complications to the periodontium 
influenced by trauma from occlusion

Clinical signs of trauma include wear facets, tooth frac-
ture, increased tooth mobility, loss of the lamina dura 
and increased periodontal ligament (pdl) space (radio-
graphically), tooth migration, pain on chewing, occlusal 
prematurities, fremitus, hypertrophy of muscles of mas-
tication, and temporomandibular joint dysfunction.

Occlusion can impact periodontitis in two important 
ways:
1 Trauma in the absence of inflammation
2 Trauma in the presence of inflammation induced by 

the bacterial biofilm

Trauma in the absence of inflammation
Trauma from occlusion in the absence of biofilm‐
induced inflammation will change bone levels, but it 
will not induce apical migration of the junctional 
 epithelium. In these cases, if trauma from occlusion is 
treated, bone changes are reversible. Trauma from 
occlusion combined with biofilm‐induced inflammation 
may accelerate the rate of attachment loss.

Treatment
In areas where occlusal forces are necessary, therapy 
can be performed by occlusal adjustment, splining, and 
fabrication of an occlusal appliance. Splint therapy has 
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been found to be harmless (Gümüş et al., 2013) and 
effective. Patients who have had implant therapy and 
found to have bruxism should use a rigid occlusal stabi-
lization appliance alleviated in the region of implants 
(Sarmento et al., 2012).

Inflammation of the supporting tissues 
in the presence of occlusal trauma
One proposed theory is that inflammation of the sup-
porting tissues in the presence of occlusal trauma alters 
the alignment of the transseptal fibers allowing inflam-
mation to spread to the periodontal ligament (pdl) 
space with resultant intrabony pocket formation 
(Glickman, 1963). Another theory is that traumatic 
occlusion does not initiate or aggravate gingivitis or 
initiate pockets, but it can increase mobility and may 

accelerate bone loss and pocket formation, depending 
on the presence of inflammation (Ramfjord and Ash, 
1981). Others believe that bacterial plaque in 
conjunction with local anatomy is the primary cause of 
intrabony defect formation, not occlusal trauma 
(Waerhaug, 1979). Trauma from occlusion may consti-
tute an additional risk factor for severity and progres-
sion of the disease, but it does not cause periodontal 
pockets or gingivitis (Carranza, 2006). Tooth mobility 
may be initiated by inflammation as well as other 
causes (Figure 2.15).

Prevention
It is important to prevent biofilm inflammation by 
instructing patients on proper oral hygiene and having a 
regular maintenance schedule for each patient.

Causes
of tooth
mobility

Loss of tooth
support

Trauma from
occlusion

Parafunctional
habits

Short root

Orthodontic
involvement

Extension of
in!ammation

from the
gingiva to the

pdl

Pregnancy or
menstrual

cycle

Periodontal
surgery may
temporarily

increase
mobility

Pathologic
process

Figure 2.15 Causes of tooth mobility. Data from Donghari (2004) in Termeie (2013).
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Treatment
It is vital to remove the inflammation in patients with 
trauma from occlusion because it has been shown that 
in regions that are kept healthy and clean after preexist-
ing inflammation, trauma from occlusion did not induce 
progressive destruction of the periodontal tissues 
(Ericsson and Lindhe, 1977).

Periodontitis can be treated and periodontal health 
maintained in the presence of traumatic occlusal forces 
without occlusal adjustment. When occlusal adjust-
ment was incorporated as a component of periodontal 
therapy, statistically greater gains in clinical periodontal 
attachment level have been reported. The extent is 
currently unclear. Once periodontal health is deter-
mined, occlusal therapy can be employed to regain 
bone lost due to traumatic occlusal forces, to reduce 
mobility, and to alleviate an assortment of clinical 
problems related to occlusal instability and restorative 
needs (Gher, 1998). This indicates that the role played 
by trauma from occlusion in progression of periodonti-
tis is secondary.

Occlusal adjustment is effective in reducing tooth 
mobility when mobility is caused by increased width of 
pdl (Lindhe, Nyman, and Ericsson, 2008). Burgett et al. 
(1992) found that there is a significant gain of 0.4 mm 
in attachment in patients who receive occlusal adjust-
ment. There was no effect of occlusal adjustment on 
the response in pocket depth, nor did initial tooth 
mobility or initial periodontal disease severity influence 
the response to occlusal adjustment. Splinting teeth is 
indicated in the following situations (Lemmerman, 
1976):
1 To prevent drifting of the teeth
2 For comfort
3 To prevent mobility
4 Following trauma

Lastly, an interocclusal appliance (a reversible way of 
redistributing force) for the maxilla with full palatal 
coverage helps tighten teeth with its increased surface 
area compared to an appliance that only covers the 
occlusal surfaces (McDevitt and Bibb, 2006).
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Introduction

Endodontic pathology
Patients frequently present with endodontic pathoses, 
sometimes requiring emergency endodontic treatment. 
The keys to successful resolution without complication 
are in understanding the disease process, diagnostic 
methods, and application of appropriate clinical tech-
nique. In this chapter, we break the endodontic treatment 
process into its various steps and their common compli-
cations. We explain how to avoid potential complications 
and how to manage those that may occur.

Endodontics is a complex discipline, often underes-
timated by clinicians and patients. The first step to 
providing high‐quality, predictable endodontic care is to 
realize that the process requires a mind‐set of thorough-
ness and precision. Root canal treatment is best thought 
of as a biologic process where bacteria, their toxins and 
metabolites, inflamed or necrotic tissue, and debris are 
removed and excluded from a root canal system. It is a 
mistake to think of endodontic therapy as a series of 
mechanical or procedural goals. A clinician’s endodontic 
skills are not measured by how quickly they can 
complete a case but on what their long‐term success 
rates are. In fact, endodontists spend considerable time, 
often over multiple appointments, to ensure that the 
biologic goals of treatment are met.

Pulpal and periapical disease are generally sequelae of 
caries and its restorative treatment; it is primarily bacte-
rial in origin (Kakehashi, Stanley, and Fitzgerald, 1965; 
Sundqvist et al., 1979). Endodontic pathology depends 
on the mix of involved bacterial species, the condition of 

the pulpal tissues, and the host defense or immunolog-
ical factors. Invading bacteria cause pulpal inflamma-
tion; this may progress to pulpal death, inflammation 
of  the supporting tissues, and infection. Although it is 
tempting to think of this as a continuous linear process, 
the reality is not so simple. Additionally, we are limited 
to indirect clinical testing of the inaccessible pulpal and 
periradicular tissues. Therefore, we use clinical diagnoses, 
not histological diagnoses to classify pulps and periapical 
tissues; these diagnostic classifications help us to make 
treatment decisions and to estimate prognosis.

Preventing disease of pulpal origin
Caries is the primary causes of pulpal disease, but com-
plications or consequences of its restorative treatment 
may run a close second. Preventing caries, or treating it 
early and conservatively, would prevent most disease of 
pulpal origin. Conservative tooth preparation, use of 
copious water spray, use of antimicrobials (e.g., 
Consepsis, Ultradent, South Jordan, Utah), rubber dam 
isolation, minimizing tooth drying, using dentin sealers 
(e.g., Gluma Desensitizer), and minimizing leakage of 
temporary restorations will all protect the pulp. It used 
to be believed that absolutely all caries had to be 
removed, but it is now known that the cariostatic 
indirect pulp cap, with incomplete caries removal, has a 
reasonable long‐term prognosis for the pulp, much 
better than stepwise caries removal or direct pulp 
capping (Mertz‐Fairhurst et al., 1988; Maltz et al., 2012). 
Stepwise caries removal is no longer indicated and direct 
pulp caps or pulpotomies are only indicated in imma-
ture teeth.

Endodontic complications
Shane N. White and Daniel J. Boehne
Section of Endodontics, Clinical Dental Sciences, UCLA School of Dentistry, Los Angeles, CA, USA
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Occasionally, trauma can expose pulps or damage the 
tooth’s supporting structures. Preventive measures 
include using mouthguards during sports. In young 
patients with open apices, pulpotomy is the treatment 
of choice for preserving the vitality of injured pulp and 
allowing completion of root formation. In an injured 
tooth with a normal response to vitality testing, the 
removal of the injured coronal portion of pulp tissue 
may increase the chances that the remaining pulp will 
survive. As with other traumas, pulpectomy or complete 
extirpation of the pulp is indicated with large exposures, 
pain, or mobility or if the patient is not seen until 
several days after injury.

Diagnosis
A decision on how, or even whether, to treat a 
particular clinical situation cannot be made unless a 
proper diagnosis is made first. “Root canal treatment” is 
not a diagnosis; it is a treatment plan arrived at through 
a thorough diagnosis and prognostic assessment. Neither 
a simple finding of deep caries nor a radiolucency on a 
radiograph alone can provide a diagnosis. Separate 
pulpal and periapical diagnoses must be reached before 
treatment can be initiated.

A careful diagnosis consists of a thorough medical, 
dental, and pain history; examination of the supporting 
tissues (palpation, percussion, mobility, and periodontal 
probing); pulp testing (primarily cold, but electric and 
heat may be needed); and radiography (Figure 3.1). All 
of the endodontic tests are somewhat relative, so at least 
two control teeth are needed. Reproducing the patient 
symptoms are a hallmark of a successful endodontic 
diagnosis. Endodontic diagnoses can change overnight, 
so current findings are necessary.

Radiographic images help to identify etiology for 
bacterial ingress to the pulp (deep caries, deep restorations, 
coronal fractures, etc.) and changes that occur in perira-
dicular tissues in response to pulp infection (widened 
periodontal ligament space, periapical radiolucencies, 
condensing osteitis, etc.) (Figure  3.2). A straight‐on 
periapical view should be supplemented by an off‐angle 
view for all teeth that may have more than a single 
canal, for example, lower anterior teeth, to build a 
three‐dimensional (3‐D) understanding of the anatomy. 
Usually, a couple of carefully read periapical views and 
a bite‐wing view are sufficient to tell the story, but in 
complex or perplexing cases, cone beam computed 
tomography can assist in visualizing 3‐D anatomy.

Misdiagnosis, or the absence of a diagnosis, means 
that teeth that do not require RCT are treated and many 
teeth that require RCT go untreated. Both situations 
have potential risks and complications. Importantly, 
many systemic or non‐endodontic conditions can also 
cause radiographic periapical radiolucencies. These are 
mistaken for conditions that require root canal therapy. 
Misdiagnosing a periapical lesion from metastatic carci-
noma as endodontic disease is a preventable and tragic 
complication. A thorough evaluation must always be 
used to arrive at a correct diagnosis.

Antibiotic use in endodontics
Antibiotics do not cure disease of endodontic origin. 
Furthermore, antibiotics cannot reach the source of the 
problem; a necrotic pulp inside a root canal is not 
served by the body’s circulatory or immune systems. 
Antibiotics cannot be a substitute for pulpectomy and 
chemo‐mechanical debridement. Antibiotics do not 
treat pulpal or periapical inflammation (Fedorowicz 
et  al., 2013). Antibiotics are reserved for acute apical 
abscesses and then only when there is systemic involve-
ment or spread (Cope et al., 2014). Penicillin VK is the 
choice for endodontic infections due to its appropriate 
spectrum, low toxicity, and low cost (Baumgartner and 
Xia, 2003). Penicillin VK should be administered orally 
with a loading dose of 1000 mg, followed by 500 mg 
every 4–6 h for 5–7 days in adults. Clindamycin is the 
antibiotic of choice for those with penicillin allergies. 
Clindamycin should be administered orally every 6 h, 
with a loading dose of 600 mg, followed by 300 mg for 
5–7 days in adults. Conditions not requiring antibiotics 
include pulpitis, necrotic pulps, radiolucencies, drain-
ing chronic abscesses, and local fluctuant swellings. 
Excessive and inappropriate use of antibiotics has 
resulted in widespread antibiotic resistance and exposes 
patients to unnecessary risk.

Common endodontic conditions 
causing complications

Pain
Patients frequently present with endodontic emergencies. 
Pain is usually the major complaint. Contrary to popular 
belief, pain of endodontic origin is generally of moderate 
severity (Pak and White, 2011). Pain is best managed 
using nonsteroidal anti‐inflammatory (NSAID) drugs, 
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such as ibuprofen. Pain is caused by inflammation or 
infection of bacterial origin; these bacteria must be 
removed. The comprehensive diagnostic evaluation 
must be performed, as described earlier, and the causal 
condition must be diagnosed, as described later, and the 
cause must be treated. For all pulpal conditions (except 
normal pulp and reversible pulpitis) and for all apical 

conditions, the primary treatment is simply nonsurgical 
root canal treatment. At the emergency appointment, 
any remaining pulpal tissue, vital or nonvital, must 
be  removed, pulpectomy performed, and the canals 
chemomechanically cleaned using appropriate files and 
copious gentle sodium hypochlorite irrigation to remove 
bacteria and their products. A nonsetting calcium 

(a) (b)

(c) (d)

Figure 3.1 Comprehensive evaluation leads to an accurate diagnosis. This case demonstrated the importance of a complete 
endodontic workup including thorough medical, dental, and pain histories and examination. Non‐odontogenic problems can 
masquerade as endodontic disease. This patient was referred for retreatment of the second molar, with a suspected vertical fracture 
in the mesial root. (a) Historic preop periapical (PA) radiograph from 3 months prior; although no caries, deep restorations, or 
unusual pulpal symptoms were present, root canal treatment was provided. (b) PA radiograph upon referral showing radiolucency 
along the mesial surface of the mesial root and loss of the lamina dura. (c) Cone beam computed tomograph (CBCT) showing mesial 
bone loss. (d) Localized swelling and localized narrow deep 10 mm probing along the mesial root. Although the history, examina-
tion, and radiography suggested a failing root canal treatment associated with a vertical root fracture, the medical history revealed 
that the patient had received a weekly IV infusion of Aredia for the last 5 years to treat multiple myeloma. As part of a thorough 
dental history, historic preop radiographs and pulp testing results were requested from the previous dentist; the radiographs failed 
to show an obvious etiology for pulpal disease and the pulp tests were within normal limits. Rather than performing endodontic 
retreatment, a biopsy was taken that confirmed a diagnosis of bisphosphonate‐related osteonecrosis of the jaws (BRONJ/ARONJ).
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(a) (b)

(d)

(e)

(c)

Figure 3.2 Radiography complements history and examination. These three cases with deep caries demonstrate how similar 
radiographic appearances can have different diagnoses requiring different treatments. (a) Case 1 presented with a caries‐free cusp 
fracture; the pulp was superimposed over the fracture (a), and the pulp was normal upon testing; root canal treatment was not 
indicated and restoration was completed. (b and c) Case 2 presented with a carious pulp exposure (b), but pain history and pulp 
testing indicated reversible pulpitis, so vital pulp therapy, apexogenesis, was completed (c). (d and e) Case 3 presented with a carious 
pulp exposure (d) and complaints of lingering cold sensitivity, spontaneous pain, and pain on chewing; a pain history and pulpal and 
periradicular testing indicated irreversible pulpitis with symptomatic apical periodontitis, and root canal treatment was provided (e).
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hydroxide intracanal medicament should be placed 
within the root canal to help kill any remaining bacteria. 
Placement of a durable leak‐proof temporary restora-
tion is essential; oral bacteria must not be allowed to 
enter or reenter the root canal system. After interven-
tion, endodontic pain decreases to minimal levels of 
severity and incidence over the following week.

Cracked teeth
Many teeth have superficial cracks, infractions, in their 
coronal enamel; some of these extend a short way into 
superficial dentin, but they are of little consequence 
unless they extend past the pulpal floor vertically into 
the root. Vertically cracked teeth may be frustrating for 
patients and dentists (Lubisich, Hilton, and Ferracane, 
2010). Some indicators of a crack include isolated 
vertical probing defects; J‐shaped radiographic lesions, 
running alongside the root and around the apex; sensi-
tivity on biting; pain on release; pain on jiggling a Tooth 
Slooth; and overly wide posts, but these findings may 
not be pathognomonic in and of themselves (Figure 3.3). 
Cracks can often be visualized using transillumination, 
using methylene blue stain, and using the endodontic 
microscope after accessing the pulp chamber and view-
ing internally or using surgical exploration externally. 
The diagnostic hallmark of a vertical root fracture is 

direct visualization of the fracture under the microscope. 
The prognosis is variable: a partial crack limited to the 
crown of a vital tooth may have a fair prognosis; an 
infected crack extending below the pulpal floor of a long 
necrotic tooth may have a guarded prognosis; and a 
through‐and‐through crack is hopeless.

Treatment considerations
Treatment or extraction will depend on the extent of the 
crack. A shallow superficial crack in a vital tooth will 
likely not necessitate root canal treatment. A crack that 
extends across the pulpal floor, and down the canals, 
represents a hopeless situation, as do some, but not all, 
J‐shaped radiographic lesions in a necrotic cracked 
tooth, whereas a crack that crosses the marginal ridges, 
but not the pulpal floor, may have a good prognosis. 
After accessing the pulp chamber, the extent of the 
crack can be judged by using methylene blue stain, 
transillumination, and a microscope. Cracked posterior 
teeth should receive coronal coverage, an onlay, or a full 
crown.

Traumatic injury
Emergency treatments for traumatic fractures involving 
the pulp in permanent teeth with mature roots include 
direct pulp capping, which will generally need to be 

(a) (b)

Figure 3.3 Microscopy assists in cracked root diagnosis. This patient was told by her dentist that her first molar needed to be 
extracted due to a vertical root fracture. (a) Circumstantial evidence suggesting a vertical root fracture included prior root canal 
treatment, a J‐shaped radiolucency, and deep isolated probing along the mesial root. (b) After examining the root internally by 
accessing and removing the buildup and gutta‐percha and using methylene blue stain and transillumination, direct visualization 
through the dental operating microscope found no crack. Retreatment gained patency on all canals and achieved appropriate flare; 
a buildup without voids was placed. The symptoms, periodontal probing defect, and the periradicular radiolucencies had resolved 
at the 3‐month recall.
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followed by root canal treatment; pulpectomy, which 
will need to be followed by root canal treatment; and 
root canal treatment at the initial visit (American 
Association of Endodontists (AAE), 2004; Krastl et al., 
2011; DiAngelis et al., 2012). The best prognosis for a 
direct pulp cap is for a small traumatic exposure, without 
contamination, without pain, and which is performed 
immediately after the traumatic accident; but in the 
long term, the prognosis for pulpal survival in mature 
teeth is poor. Rubber dam isolation must be used for any 
procedures involving the pulp and is strongly recom-
mended whenever traumatically exposed dentin is 
encountered or when adhesive procedures are being 
performed.

Treatment considerations
For permanent teeth with immature roots, the goal is to 
maintain pulpal vitality through vital pulp therapy or 
apexogenesis, at least until the formation of the entire 
root has been completed (American Academy of 
Pediatric Dentistry (AAPD) Council on Clinical Affairs, 
2010). In this situation, a high or shallow pulpotomy, 
the Cvek technique, is usually used. The tooth is isolated, 
and pulpal tissue is gently removed to approximately 
2 mm below the exposure using a small water‐cooled 
round diamond bur. The pulp is rinsed with sterile 
saline, hemostasis is achieved, the clot is gently rinsed 
away, and a hard calcium hydroxide liner is placed, 
followed by a glass ionomer or resin‐modified glass 
ionomer base, and then by a bonded composite restora-
tion. Alternatively, mineral trioxide aggregate (MTA, 
Dentsply) or other inorganic materials can be placed over 
the pulp instead of a hard‐setting calcium hydroxide 
liner. MTA has advantages in that it can be used in a 
damp field, seals well against the dentin, and is bacterio-
static. However, because it sets slowly, its manufacturer 
recommends checking at a subsequent appointment 
prior to restoration. Staining has sometimes been 
observed following the use of MTA materials. It is likely 
that quicker setting variants of MTA will soon be intro-
duced. Although traumatized teeth with pulpal expo-
sures should be seen within 24 h, the shallow pulpotomy 
may still be successful even after a week.

If the pulp in an immature permanent tooth becomes 
necrotic, or is already necrotic, then nonvital therapy, 
apexification, is performed (AAE, 2004; AAPD Council 
on Clinical Affairs, 2010). The tooth is isolated, carefully 
and thoroughly debrided, a nonsetting bactericidal 

calcium hydroxide paste placed, and a durable provi-
sional restoration made. Typically, after 3–6 months, a 
delicate calcific barrier is formed across the root apex, 
but root formation remains incomplete. Then, the 
calcium hydroxide is carefully removed, a conventional 
gutta‐percha obturation performed, and the access closed 
and a definitive coronal restoration made. Alternatively, 
an apical plug of MTA can be placed after brief placement 
of calcium hydroxide for 1 week to 1 month, and after 
setting has been checked, a conventional gutta‐percha 
obturation can be performed. Revascularization and 
regenerative endodontics hold future promise.

Procedural endodontic complications

Tooth isolation
Rubber dam isolation is an absolute necessity for root 
canal treatment (Ahmed et al., 2014). The key to suc-
cessful root canal treatment is removing oral bacteria 
from the root canal system and keeping them out. 
Ingress of saliva during or after root canal treatment will 
contaminate the root canal system and is a common 
cause of failure. The absence of a rubber dam is also 
considered to be an ethical failure because patients are 
at risk of inhaling or ingesting endodontic files and 
contaminated debris.

Treatment considerations
Single tooth isolation is simple, fast, and appropriate for 
endodontics. A tight well‐fitting clamp that engages the 
tooth root with all four tines will be stable. A rubber 
dam can be placed on a winged clamp before the clamp 
is placed on the tooth. If the tooth is broken down, it 
can be restored before endodontics using a glass ionomer 
(e.g., Fuji IX, GC, Tokyo, Japan) or a resin‐modified 
glass ionomer (e.g., Fuji II LC, GC). In cases where the 
tooth lacks coronal undercuts to retain a clamp, an 
“A” clamp with downturned tines will engage the root 
surface. A minor leak in a rubber dam can be sealed 
using caulking or putty (e.g., OraSeal, Ultradent).

Access cavity preparation
Access is driven by the individual tooth’s root canal 
anatomy; the canals must be located; files must reach 
the canals with constraint occlusally; and the pulp horns 
must be removed or cleaned. If caries, pulp, or bacteria 
are allowed to remain, root canal treatment cannot be 
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successful. Missed canals are a major cause of end-
odontic failure. However, the access cavity should be as 
small as conservative as possible in reaching these aims 
(Gluskin, Peters, and Peters, 2014).

Treatment considerations
Canals should be identified radiographically and pro-
jected back up to the occlusal surface and the occlusal 
outline form visualized. As well as a straight‐on view, an 
off‐angle view will help to identify multiple canals and 
build a 3‐D understanding of pulpal anatomy and the 
necessary access cavity. The depths to the roof and floor 
of the pulp chamber should be measured on the preop-
erative radiograph, so that one will know the expected 
depth for the bur to reach the roof of the pulp chamber 
and fall into the pulp chamber and so that one will 
definitely not let a bur extend beyond the floor of the 
pulp chamber. If the bur does not fall into the pulp 
chamber at the expected depth, then one should stop, 
reassess, and make an additional radiograph before 
proceeding. A periodontal probe should be used to 
sound the angle and shape of the root subgingivally. 
This will provide information about the inclination, 
position, and shape of the root so that the access bur can 
be appropriately aligned, reducing the risk of perfora-
tion. For example, the width and shape of mesio‐buccal 
roots in upper molars and mesial and distal concavities 
in lower incisors, premolars, and molars will indicate 
whether one or two canals are present. After all caries is 
first removed, an ideal access should be established. 
Access to the pulp chamber is first established in the 
center of the visualized cavity using a small round 
number 2 carbide bur. Indirect vision should be used so 
that the alignment of the bur can be related to the tooth 
in all three dimensions. Next, the sides of the cavity 
should be extended and refined to allow unconstrained 
access of the files to the canals using a gentle side‐cutting 
bur with a noncutting tip (e.g., Endo‐Z Bur, Dentsply, 
York, Philadelphia).

Insufficient access can prevent canals from being 
located; prevent canals from being adequately cleaned; 
stress files; and prevent pulp horns from being located, 
removed, or cleaned. Files must be able to stand up in 
their canals without contacting the cavosurface margins 
when they are being used to clean and shape.

Excessively large access cavities greatly weaken the 
tooth; the prognosis for the tooth is directly related to 
the amount of remaining tooth structure (Figure 3.4). 

Only structure that must be removed to facilitate the 
files being used for cleaning and shaping should be 
removed. If a canal cannot be located, it is wise to stop 
and take a radiograph. Often a bite‐wing view provides 
the best view of the neck of a tooth; the clamp may be 
removed, but the rubber dam must remain in place, 
retained by ligatures.

Gouges or perforations both weaken teeth and may 
permit microbial ingress and endodontic failure. Careful 
planning, as described earlier, will prevent their occur-
rence. Should a perforation occur, the patient should be 
informed, the area gently disinfected, the canal system 
packed with nonsetting calcium hydroxide paste (e.g., 
UltraCal XS, Ultradent), and the patient referred to an 
endodontist for nonsurgical internal perforation repair 
(Figure 3.5). In upper central incisors, most perforations 
or gouges occur to the buccal, just below the CEJ, 
because the bur is often mistakenly tilted toward the 
buccal. Upper first premolars and mandibular incisors 
have pronounced mesial and distal concavities just 
below the gumline; the margin of error is small. In all 
posterior teeth, care must be taken not to advance the 
bur below the floor of the pulp chamber. Sometimes, an 
overly vigorous search for a mesiobuccal‐2 canal can 
result in perforation in the mesial concavity of an upper 
molar.

(a) (b)

Figure 3.4 Excessive removal of dentin during access weakens 
teeth. (a) Thorough assessment of the preoperative off‐angle 
periapical radiograph revealed multiple periodontal ligament 
outlines, two apices, calcified canals, and an obliterated pulp: 
an extremely difficult case. (b) Drilling to the apical third was 
required to locate both canals. Although both canals were 
located and treated, this tooth is at risk of fracture due to excessive 
removal of tooth structure during access and canal location.
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Missed canals
Unidentified and hence uncleaned canals are a major 
source of endodontic failure (Witherspoon, Small, and 
Regan, 2013). Knowledge of root canal anatomy and its 
variants is essential. Many lower anterior teeth will 
have 2 canals; the lingual ones are most likely to be 
missed. Most first molars, upper or lower, will have 

4 canals. The mesiobuccal‐2 canal is notoriously difficult 
to locate in upper molars. The distobuccal canal is most 
likely to be missed in lower molars. Premolars generally 
have 1 or 2 canals, but sometimes 3 are present 
(Figure  3.6). Sometimes a single large canal branches 
into several narrow ones, a fast break; originally, this 
was a UCLA basketball term but is now used by 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 3.5 Managing an access perforation. The bucco‐cervical area of incisors is a common site of access gouging or perforation. 
A small access bur must be carefully aligned to the long axis of the root in both bucco‐lingual and mesio‐distal planes and indirect 
vision used. (a and b) An access perforation was created, recognized, and temporized and the patient was referred. This tooth 
was extremely calcified; careful preoperative assessment of the tooth angulation, depth of the pulp chamber, and an operating 
microscope would be helpful. (c and d) Buccally oriented views: treatment included removing the provisional restoration, locating 
and disinfecting the perforation (c), and sealing with mineral trioxide aggregate (MTA) (d). (e) PA and CBCT views of the repaired 
perforation. (f and g) Axially oriented views: at the next visit, after the MTA had set, the canal was located and treated. A wider 
access cavity was not necessary; axial reorientation toward the canal was all that was required to find the canal. (h) Completed 
case, including perforation repair, obturation with gutta‐percha, bonded fiber post, and conservative resin‐composite restoration. 
(i) Recall PA and CBCT images show bony healing.
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endodontists. Chemo‐mechanical debridement cannot 
be successful unless all the canals are located.

Treatment considerations
Careful radiographic imaging using multiple views at 
different angles will help to build a 3‐D map. Searching 
for double periodontal ligament outlines on the sides of 
roots will reveal the presence of concavities, “figure‐8” 
root cross sections, and multiple canals. A canal that 
moves off‐center in an off‐angle film likely has a twin at 
the other side of the root (Figure 3.7). Reading the den-
tinal map, grooves or color changes on the floor of the 
pulp chamber often connect canals.

Length control
Good length control is a hallmark of precise, thoughtful, 
and careful endodontic treatment. Treatment that is 
too short will leave the critical apical parts of canals 

(a) (b)

Figure 3.6 Identifying a fast break. (a) A single large coronal 
canal disappears where branches into three narrow fine canals 
that are too small to be visualized on the PA. (b) The completed 
case reveals that this premolar canal anatomy was like a 
mini‐molar with 2 buccal canals and 1 palatal canal.

(a) (b)

(c) (d)

Figure 3.7 Identifying missed anatomy. (a and b) CBCTs show a lower first bicuspid that presented with a failed RCT and 
 symptomatic apical periodontitis; a missed canal and a short treatment in the other caused failure. If a single canal is off‐center, 
there is usually a twin hiding at the other side of the root. (c and d) CBCTs at 3‐year recall, healing after an appropriate access led 
to the missed canal, and both canals were treated to their apices.
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uncleaned and unfilled, harboring bacteria and causing 
failure. Complex anatomy, sharp curves, and bifurca-
tions are common in the apical area, often making it 
difficult to reach an appropriate working length. The aim 
is to treat to the apical constriction, which is, on average, 
half a millimeter shorter than the radiographic root end 
(Kuttler, 1955). Treatment that is even 1 mm too short 
will allow bacteria to remain and the treatment will be 
likely to fail (Sjogren et al., 1990) (Figure 3.8). Careful 
analysis of a preoperative radiograph and the use of 
an electronic apex locator and a file radiograph will 
assure that the appropriate working length is reached 
(Figure 3.9). Treatment that is too long will traumatize 
the apical tissues and make obturation control more dif-
ficult. Usually, a little puff of sealer is of no consequence. 

A larger amount of sealer, or a nonresorbing resinous 
sealer, or a little gutta‐percha may delay healing (Sjogren 
et al., 1990; Molven et al., 2002). Should sealer or gutta‐
percha enter a nerve canal or the maxillary sinus, referral 
to an oral surgeon or endodontist is needed.

Treatment considerations
Length estimates should be made using preoperative  
X‐ray images, then using an apex locator, and using the 
initial apical file. Working lengths should be rechecked 
and refined using the apex locator during treatment and 
always prior to fitting gutta‐percha cones. This is impor-
tant because it will refine the accuracy of the original 
estimate, accommodate to small length changes as 
the canals become flared, and alert the dentist to loss 
of length or loss of patency. An X‐ray image is only a 
two‐dimensional (2‐D) representation, whereas the 
apex locator tells you when the file tip reaches conduc-
tive apical tissues, right at the apical constriction. These 
techniques are complementary. In times of conflict, we 
give more weight to the apex locator. If a large adjust-
ment is made, an additional file film is needed.

In narrow or calcified canals, length is reached using 
small flexible stainless steel K‐files with the quarter‐
turn‐and‐pull or watch‐winding technique. After working 
length is reached, files are used in an up and down 
motion. Care must be taken with length control; a 
secure finger rest and frequent checking of the rubber 
stopper are needed.

A master gutta‐percha cone film further assures length 
accuracy before obturation. Slightly crimping the master 
cone at the reference point provides additional information 
during obturation. Should the crimp mark slip deeper into 
the tooth than the reference point, the cone is long. The 
cone is best trimmed by placing it on a stainless steel ruler 
and making a precise cut with a disposable scalpel while 
wearing magnifying loupes. Should the crimp mark 
remain coronal to the reference point, one should return 
to the files to regain lost length and recheck a master cone 
before beginning obturation. Losing length, or losing the 
ability to get the master cone all the way to the apical 
constriction, can result from debris being packed apically; 
an inaccurate length estimate; or from an inadequate, 
misplaced, or ledged apical preparation, resulting from 
poor technical length control during cleaning and shaping. 
An initial condensation film will reveal any problems 
in time for adjustments or even repreparation to be 
completed before finishing obturation.

(a) (b)

(c) (d)

Figure 3.8 Untreated minor anatomy can prevent healing. 
(a–c) An apical bifurcation was located, shaped, cleaned, and 
obturated. (d) Eight‐month recall shows that retreatment 
healed the large apical lesion.
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Cleaning and shaping
Chemo‐mechanical debridement is absolutely critical to 
removing bacteria, pulpal debris, and contaminated 
dentin to achieve successful healing (Siqueira, 2001). 

The master apical file must be big enough to clean the 
critical apical area; the minimum size is #30 or at least 
three sizes bigger than the first file to feel snug at length, 
the initial apical file. An unnecessarily large file may be 

(a) (b)

(c) (d)

(e) (f)

Figure 3.9 Locating the apical constriction, determining working length. (a and b) Case 1. Working length is on average 0.5 mm 
short of the root end. Radiographs and apex locators were used to determine working length before obturation and immediate 
restoration (a); healing at recall (b). (c–f) Case 2. In this case, the constriction was found to be 3.2 mm short of the radiographic 
root end terminus. PA (c), CBCT (d), and apex locater were used to locate the apical constriction before obturation (e). A 1‐year 
recall PA shows complete healing (f).
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more likely to remove the apical constriction and make 
obturation control more difficult, as well as ledging or 
transporting. A narrow canal in a thin root may need 
less flaring than average; a wide canal in a wide root 
may need more flaring than average. So, the amount of 
flare must be chosen on a case by case basis.

Canals are rarely circular in cross section, so care must 
be taken to clean all the canal walls using circumferential 
filing, actively pressing the files against all the walls of the 
canal, one by one, in a brushing motion. Enough shaping 
must be done to adequately clean the canal, but too 
much dentin removal is also detrimental. Removing too 
much tooth structure can immediately cause perforation 
or weakening of the root and eventual root fracture.

Root walls are not of uniform thickness, and the root 
walls closest to the furcation tend to be the thinnest 
and most susceptible to strip perforation. This area is 
referred to as the “danger zone.” The furcation walls of 
the mesial roots of mandibular molars are highly sus-
ceptible to strip perforation due a root concavity in this 
location and pronounced root curvature (Figure 3.10). 
Strip perforations can be avoided by understanding 
the anatomy and refraining from over‐enlarging canals 
in this area. When using the anticurvature filing tech-
nique, as popularized by Dudley Glick, files are pressed 
away from the furcation and worked to preferentially 
remove tooth structure from the walls opposite of the 
danger zone.

(a) (b)

(c) (d)

Figure 3.10 Management of a furcal strip perforation. (a) CBCT of previously treated lower first molar; the hygienist discovered a 
localized probing defect. The furcal side of the mesial root of mandibular molars is susceptible to strip perforation; this can be 
prevented by using precurved files and an anticurvature filing technique. (b) Immediate postoperative PA. The perforation was 
cleaned using a vacuum irrigation system with sodium hypochlorite and then repairing the perforation with MTA before recleaning 
and shaping and obturation. (c) View of MTA repair through microscope. (d) A 1‐year recall PA showing healed periradicular 
tissues, and the periodontal probing depths had returned to 2 mm.
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Transportation, ledging, and apical 
perforation
One must precurve stainless steel files and ensure that 
each file is loose and floating before moving on to the 
next file. Files should be precurved a little more than 
the natural curve of the canal, generally with a steeper 
curve at the apical end of the file (Figure 3.11). Files 
can be precurved by bending around a mirror handle, 
teasing them through the beaks of a cotton pliers, or 
using a file bender. If one does not precurve the files, 
moves up the sequence too quickly, uses force, or 
unknowingly loses length, transportation, blocking, or 
ledging may occur. If one ledges and then applies force 
in attempt to regain length, an apical perforation may 
occur. Patient gentle passive negotiation using copious 
irrigation and small stainless steel hand files until they 

are loose and floating will prevent transportation and 
ledging (Figure 3.12).

Management of transportation, ledging, and 
apical perforation
Should length be lost, or if a ledge is formed, one 
should return all the way back to the small precurved 
number 10 or 15 stainless steel K‐files, gently negoti-
ating a pathway back to the apical constriction of the 
original canal, maybe using the quarter‐turn‐and‐pull 
technique, and then continuing through the usual file 
sequence slowly (AAE, 2008) (Figure 3.13).

File separation
File separation is unfortunate; critically, it can prevent 
the key goals of cleaning, shaping, and obturating the 

(a) (b)

(c) (d)

Figure 3.11 Preventing ledging and apical perforation. (a) PA of upper first molar with calcified curved apices. (b) In this working 
length film, the file in the DB root is short. The file hit a “hard stop” and would not progress apically. (c) Instead of applying 
excessive pressure, the canal was gently shaped to just above the hard stop, taking care not to create a false canal path or a ledge. 
Opening the canal body allowed a small precurved #6 K‐file to negotiate the severe apical dilaceration, thus following and 
preserving the natural canal anatomy. (d) Postoperative PA.
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(a) (b)

Figure 3.12 Preventing transportation, ledging, and perforation. (a) This lower molar has sharply curved narrow canals. (b) Gentle, 
passive canal negotiation, using small precurved stainless steel K‐files, patience, and copious irrigation allowed these canals to be 
treated without complication.

(a) (b)

(c) (d)

Figure 3.13 Managing an apical perforation. (a) PA shows that the lesion at the mesio‐buccal root apex of this previously treated 
case did not heal, resulting in symptomatic apical periodontitis. (b and c) CBCT reveals that the true canal path was not followed 
and that an apical perforation was created; bacteria remain in the apical part of the true canal. A stiff, uncurved file had been 
forcefully applied. Lesions are usually centered on the portal of exit; note that the position of the radiolucency tells us the location 
of the true apical foramen. (d) The true canal path was recovered by passively scouting using small precurved files, and the canals 
were cleaned, shaped, and obturated using a warm gutta‐percha technique.
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entire canal to the apical constriction. However, if the 
biological aims of cleaning, shaping, and obturation to 
the apical constriction can be met, particularly in a 
previously uncontaminated vital tooth, a separated file 
may have little impact on prognosis (Crump and Natkin, 
1970; Hansen, Beeson, and Ibarrola, 2013). When a file 
segment separates and remains inside a canal, the actual 
file fragment is of no consequence by itself. The sepa-
rated fragment may become a problem if it interferes 
with the ability of cleaning and shaping to remove 
bacteria from the entire root canal system.

Stainless steel files are damage tolerant, but they 
should be repeatedly cleaned and inspected for 
unwinding or kinking during use (Madarati, Watts, and 
Qualtrough, 2008). Each stainless steel file should be 
loose and floating before the next file in the sequence 
is used. Stainless steel files are used in an up and down 
motion to clean and shape canals; if they are spun or 
rotated more than a quarter turn, they are at risk of 
breaking.

Rotary nickel titanium, or NiTi, files deserve special 
care (Madarati, Watts, and Qualtrough, 2008). NiTi is 
weaker than stainless steel, is subject to cyclic fatigue, 
and can fracture without warning. Although NiTi has 
superelasticity, meaning that it bends easily, it also has 
shape memory, meaning that it always wants to 
straighten out. First, the access must not constrain the 
file. A glide path to the apex must have already been 
made using stainless steel files. Coronal flaring must 
have been completed before NiTi shaping files are 
used. NiTi files must be used in accordance with the 
manufacturers’ recommended sequence, torque, and 
speed. Alternating between files of different flare (e.g., 
0.04 and 0.06 mm/mm) will reduce contact area and 
reduce file stress. Frequent irrigation and file cleaning 
are critically important. A gentle pecking or pumping 
motion should be used, rather than continuous 
engagement. The pressure applied should be no more 
than writing with a fine pencil, and each file should 
only be engaged for 6 or 7 s before moving on to the 
next one. It is recommended that NiTi files be used for 
only a single case and then discarded. Smaller NiTi 
files may fracture early in the preparation sequence if 
excessive force is used. Larger NiTi files may fracture 
later in the sequence when the canal shape approxi-
mates the file shape allowing too much surface area of 
the file to engage the canal walls.

Management of file separation
Should file separation occur, the patient must be imme-
diately informed so that they can make the choice of 
continuing treatment, requesting an extraction or a 
referral to continue treatment elsewhere (AAE, 2008). 
Frequently, the broken fragment can be bypassed using 
small precurved stainless steel K‐files, with a quarter‐
turn‐and‐pull or watch‐winding technique, and the 
instrumentation sequence completed with or without 
file removal. Sometimes a stainless steel fragment may 
simply float out during continuing instrumentation. 
A variety of techniques may be used with visualization 
and lighting from an endodontic microscope to remove 
separated fragments. NiTi fragments may be more diffi-
cult to remove because their shape memory may lock 
them into the canal. Nonetheless, healing generally 
occurs despite file separation. Cases should be followed 
for healing; should healing not occur, referral to a spe-
cialist is advised—if not already made, for assessment, 
possible retreatment or apical surgery.

Prevention of hypochlorite accidents
Removal of bacteria, tissue remnants, and toxic debris 
from root canal systems requires chemo‐mechanical 
debridement. Physical removal of debris by filing alone 
will not adequately clean the root canal system. In fact, 
files only remove debris from parts of the canal walls 
(Paqué et al., 2010). Sodium hypochlorite is extremely 
beneficial in killing bacteria (Zehnder, 2006) and in 
dissolving biofilm and tissue remnants (Stojicic et al., 
2010). For optimal effectiveness, sodium hypochlorite 
must reach all aspects of the pulpal system, including 
apical parts of the canal.

If sodium hypochlorite is expressed beyond the root 
apex, it will cause severe damage to the periapical tissues 
and beyond. It can cause severe damage if it drips into a 
patient’s eyes (AAE, 2008). Commercially available 
sodium hypochlorite bleaches are sold in concentrations 
from 2 to 8%. Immediate sharp pain, during irrigation, 
despite anesthesia, is a hallmark of a hypochlorite 
accident. Substantial diffuse swelling occurs, followed 
by bruising and tissue necrosis.

Hypochlorite accidents are best prevented by careful 
technique. A safety‐tipped, side‐vented, or perforated 
irrigation needle should be used. Light pressure and 
slow delivery should be used. The tip should be kept 
moving so as to assure that it has not become wedged 
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or bound. Alternatively, a negative‐pressure irrigation 
system can be used (e.g., EndoVac, SybronEndo, Orange, 
CA). Hypochlorite can also be expressed through iatro-
genic perforations or through‐and‐through resorption. 
Special care should be taken with open apices. Nerve 
injury and damage to the maxillary sinus can occur if 
hypochlorite is expressed into these areas.

Management of a hypochlorite accident
Palliative treatment including an ice pack and non-
steroidal anti‐inflammatory medications, such as ibu-
profen, are used (Hülsmann and Hahn, 2000). Tissue 
damage from any substantial accident should be imme-
diately assessed and followed by an oral surgeon. 
Resolution can take from weeks to months, depending 
on severity.

Temporization
Durable and leak‐resistant provisional or temporary 
restorations must be used to prevent leakage of saliva 
and microbial ingress. Coronal microleakage is thought 
to be one of the commonest causes of endodontic failure 
(Swanson and Madison, 1987; Gillen et al., 2011). Intra‐
appointment medication, nonsetting calcium hydroxide 
paste, has excellent antimicrobial properties, killing 
remaining bacteria over the week or two between 
treatment appointments. It is recommended that non-
setting calcium hydroxide paste be routinely placed 
between treatment appointments; not only will it kill 
existing bacteria in the canal, but it also offers some 
protection should the provisional restoration leak.

Inter‐appointment coronal leakage
Coronal leakage through a poorly sealed access cavity 
allows new pathogenic oral bacteria to enter and colonize 
the root canal system, even before treatment has been 
completed. A durable thick temporary filling should be 
placed between appointments or after obturation and 
before definitive restoration. If temporary restoration is 
extensive or will be in service for more than a week or 
two, glass ionomer (e.g., Ketac Bond, 3M ESPE, St. 
Paul, Minnesota) or a resin‐modified glass ionomer 
(e.g., Vitremer, 3M ESPE) temporary restoration is 
recommended. The thickness of the restorative material 
should be maximized, and the thickness of any under-
lying cotton or foam pellet should be minimized. 
A reinforced zinc oxide eugenol temporary restorative 
material (e.g., IRM) can be used for shorter periods. It is 

critically important that any underlying cotton pellet is 
not forgotten and removed at definitive restoration—
damp cotton is an excellent culture material. Soft 
temporary materials are easily damaged by normal mas-
tication and tend to be unstable over time; they must 
only be used for very short periods in small cavities and 
must then be completely removed.

Management of inter‐appointment 
coronal leakage
Should gutta‐percha become exposed to the oral envi-
ronment for more than a few days, retreatment, 
recleaning, and reshaping and chemo‐mechanical 
debridement may be indicated.

Inter‐appointment medication
Calcium hydroxide paste is used to kill bacteria remain-
ing in the root canal system and to prevent the growth 
of any new bacteria that may enter through coronal 
leakage. Calcium hydroxide has an excellent therapeutic 
index but should be used with care because it can be 
toxic to periapical tissues and can damage nerves and 
the maxillary sinuses if misplaced (Sjögren et al., 1991; 
Mohammadi and Dummer, 2011). If it is to be effective, 
it must reach the canal apex. Extrusion beyond the 
apex will not assist healing but is generally of little 
consequence unless a large amount is extruded and it 
reaches a nerve or enters the maxillary sinus. Calcium 
hydroxide owes its substantivity to it low solubility in 
water; unlike previously used phenolic medicaments, it 
stays where it is placed and has much lower toxicity.

Calcium hydroxide can be placed using a capillary 
tip, but care must be taken to avoid binding the tip and 
gently backfilling not extruding material. Calcium 
hydroxide can then be carried to the apex, by spinning 
the largest file that you have brought to the apex anti-
clockwise, using it as an Archimedes screw.

Calcium hydroxide can be removed, using the biggest 
file that went to working length along with copious 
gentle irrigation. Calcium hydroxide is relatively insol-
uble, so it has excellent substantivity and stays where 
it is placed but can be difficult to remove. The use of 
sodium hypochlorite followed by EDTA can help in 
removing this paste.

Obturation
Obturation problems typically follow problems in 
cleaning and shaping.
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Long obturations typically occur when the apical con-
striction is damaged, enlarged, or removed due to an 
incorrect, long, working length estimate; inadequate 
length control during filing; or to an immature tooth 
with an open apex.

Short obturations typically occur when an incorrect, 
short, working length estimate was used; when ledging, 
apical transportation, or apical perforation occurred; 
or when debris was packed into the canal apex.
Voids typically occur when part of the canal prepara-

tion has uneven taper, a constriction, no taper, or even 
reverse taper. Voids are generally located just apical to a 
taper problem.

Prevention of obturation complications
Obturation problems are best prevented by careful 
attention to length control, using carefully precurved 
files, and attaining smooth even taper and flare during 
cleaning and shaping, as described earlier. Checking file 
length frequently will prevent and quickly identify 
length errors. Likewise, confirming the exact length 
with an apex locator and making gutta‐percha cone 
and/or an initial condensation radiographs will also 
identify problems before obturation is completed.

Management of obturation complications
Generally, the gutta‐percha should be removed, any 
cleaning and shaping errors addressed as earlier, and the 
canal reobturated. Voids can be corrected during obtu-
ration if they are noticed on initial condensation radio-
graphs or final obturation radiographs, and additional 
gutta‐percha can be brought to their depth through the 
addition of accessory cones or through warm gutta‐
percha techniques.

Flare‐up following obturation
A few patients, 1–2%, may suffer post‐obturation 
flare‐ups, inflammation, and pain. The primary cause is 
generally microbial; mechanical or chemical irritation of 
the apical tissues by instruments or obturating materials 
may also contribute (Siqueira, 2003). Attention to 
technical details, cleaning, and shaping, as described 
earlier, should prevent most flare‐ups. Inflammatory 
pain should be addressed using nonsteroidal anti‐
inflammatory medications. Antibiotics should not be 
prescribed, except for rare diagnoses of acute apical 
abscess with systemic effects or with spread. Most flare‐
ups resolve within a couple of weeks. Reassurance is 

key. Rarely, if symptoms do not resolve, nonsurgical 
retreatment may be indicated.

Restoration
The amount of remaining tooth structure after root 
canal treatment is directly related to long‐term tooth 
survival. Access cavities must be conservative. Excessive 
tooth structure should not be removed when searching 
for canals, a common error. Instead, knowledge of 
normal canal anatomy and its variations along with 
careful preoperative case assessment should provide a 
precise plan and a conservative 3‐D access preparation 
design. Additionally, supplementary lighting, magnifi-
cation, and small instruments should be used. Excessive 
coronal, or even midroot, flaring beyond that needed 
for adequate cleaning and shaping should also be 
avoided. Dentin and enamel must be preserved when-
ever possible (Gluskin, Peters, and Peters, 2014).

Posts should only be used when there is no other way 
of providing retention or resistance form for the defini-
tive coronal restoration. Posts entail removal of addi-
tional tooth structure, weakening teeth. Posts also direct 
occlusal forces apically, increasing the risk of root 
fractures. Post preparation also adds the risk of root 
perforation.

Coronal leakage is a major cause of endodontic 
failure. Bacteria must be excluded from the root canal 
system permanently through well‐sealed durable resto-
ration for decades. The quality of the restoration may be 
as important as the quality of the root canal treatment 
in achieving endodontic success.

Tooth fracture in anterior teeth
Anterior root canal‐treated teeth should only rarely 
receive crowns, because crown preparation removes 
excessive tooth structure (Sorensen and Martinoff, 
1984). Instead, anterior teeth should generally be 
restored using composite restorations, even if multiple 
restorations are needed in a single tooth. If the tooth is 
too dark, an opaque white‐colored resin composite can 
be placed deep within the access cavity; this can be 
covered with a layer of tooth‐colored resin composite.

Internal bleaching should use sodium perborate 
alone, without heat or superoxyl so as to avoid the com-
plication of external resorption. Internal bleaching is 
highly effective in lightening teeth that have been 
stained by necrotic tissue or blood breakdown products. 
A glass ionomer or resin‐modified glass ionomer barrier 
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should be placed to just above the level of the periodontal 
attachment, usually a millimeter or so below the level of 
the cementoenamel junction so as to avoid external 
resorption.

Management of anterior tooth fracture
Porcelain veneers can be used to achieve excellent 
esthetic results. Again, conservative tooth preparation is 
important; most of the veneer should be kept within 
enamel.

Root fracture, especially vertical or oblique, may not 
be treatable, so prevention through conservation of 
tooth structure is the key.

Tooth fracture in posterior teeth
In contrast to anterior teeth, posterior teeth will benefit 
from receiving coronal coverage; they will be less likely 
to fracture (Zadik et al., 2008). Onlays are preferred to 
full crowns because more tooth structure is preserved. 
Almost all endodontically treated molars can be restored 
using an amalgam corono‐radicular buildup instead of 
a post. Retention and resistance can be gained from the 
walls of the pulp chamber. Upon initiating root canal 
treatment in posterior teeth, occlusion should be 
reduced to eliminate both centric and eccentric contacts; 
this has little downside, because these teeth will be 
restored using onlays or crowns.

Complications with posts
Only if absolutely needed, and there is absolutely no 
other way to gain resistance and retention form, should 
posts be used (Sorensen and Martinoff, 1984). If used, 
they should maximize conservation of tooth structure. 
Posts should be passive, parallel sided, serrated, and 
vented (e.g., ParaPost, Coltene Whaledent, Altstatten, 
Switzerland). These features minimize the removal of 
precious tooth structure, minimize the wedge effect, 
and maximize retention.

Management of post complications
Post spaces are best made at the time of obturation 
under rubber dam isolation when the root anatomy is 
best understood. To avoid perforation, the post should 
be much narrower than the root, maybe one‐fourth of 
the root width or less. Remember that many posterior 
roots have pronounced concavities that are not clearly 
seen on radiographs, for example, upper first premo-
lars. Remember that canals may curve in or out of the 

plane of a radiograph, for example, the palatal root of 
an upper molar. First, a heated instrument should be 
used to remove gutta‐percha to provide a pathway. 
Second, a Gates Glidden drill, one size smaller than 
the final post drill, is used to make an initial prepara-
tion; its rounded flutes try to follow the canal. Finally, 
the definitive post drill is used to finalize the shape 
and depth.

Once a post space has been made, it is critical that it 
not be contaminated by bacteria or saliva. Prefabricated 
posts are best placed at the time of obturation.

Should a post perforation occur, it must be recognized 
immediately; vigilance is important (Figure 3.14) (AAE, 
2008). A rubber dam should be placed, if not already 
present. The wide end of a paper point can be used to 
check for clear tissue exudate or blood from a minor 
perforation. The post space is gently irrigated and rinsed 
and a nonsetting calcium hydroxide paste placed. The 
patient must be informed and referral to an endodon-
tist for internal perforation repair made, likely using 
an   endodontic microscope to place mineral trioxide 
aggregate.

Coronal microleakage
Reentry of bacteria to the root canal system is a key 
cause of endodontic failure. Bacteria must be excluded 
at all stages of root canal treatment and thereafter. 
Effective rubber dam isolation and durable leak‐proof 
temporary restoration are critical, but the definitive 
restoration must be performed for decades. Ideally, a 
permanent restoration is placed at the time of obtura-
tion to avoid the risks of leakage that are inherent with 
temporary materials. Teeth that receive a permanent 
buildup or foundation restoration have a better prognosis 
than those that receive temporary restorations (Landys 
Borén, Jonasson, and Kvist, 2015).

Prevention and management of 
coronal microleakage
Definitive restorations are best placed at the time of 
obturation, before the rubber dam is removed. Glass 
ionomers seal well but are not strong enough to form an 
entire core or buildup. Glass ionomers may be used as 
liners or bases, sealing the pulpal floor. One technique is 
to remove gutta‐percha to 1–2 mm below the floor of 
the pulp chamber and replace it with a glass ionomer 
intra‐orifice barrier. Amalgam or composite can be used 
for the bulk restoration.
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If there is to be even a minor delay between obtura-
tion and definitive restoration, a durable temporary res-
toration must be placed. Popular materials, zinc oxide 
eugenol based or soft and moldable, do not maintain a 
long‐term seal, and soft moldable materials are particu-
larly susceptible to being worn away in larger cavities. 
Instead, a glass ionomer or resin‐modified glass ionomer 
is recommended. An opaque white temporary material 
can be used so as to facilitate its identification and 
removal for definitive restoration (e.g., white Fuji 
TRIAGE, GC; or blue Vitremer Core Buildup). Often a 
small cotton pellet is placed underneath a temporary 
restoration to facilitate restoration removal. But, damp 
cotton is a magnet for bacteria and a great culture 
medium. If a cotton pellet is to be used, it should be 
small so as to maximize the thickness of the temporary 
restoration. A little nonsetting calcium hydroxide paste 

can be added to the pellet to prevent bacterial growth. 
Alternatively, a small piece of a synthetic sponge can be 
used instead of cotton.

Should a gutta‐percha obturation be exposed to the 
oral environment for more than a few days, retreatment 
is recommended. Obturation is just that filling rather 
than sealing. In the future, sealers that really seal against 
dentin will be developed. But, at this time, we must rely 
on a durable leak‐proof restoration to exclude bacteria.

Systemic issues causing complications

Very few systemic issues are thought to adversely affect 
endodontic prognosis. Diabetes, particularly insulin‐
dependent diabetes, is associated with a reduced 
likelihood of successful healing after root canal 

(a) (b)

(c) (d)

Figure 3.14 Management of a post perforation. (a) Patient presented for endodontic retreatment with symptomatic apical periodontitis 
due to a perforation that occurred many years previously; the lesion is centered on the end of the post. (b) The post was removed 
using ultrasonic vibration and the canal path was located. Calcium hydroxide paste was placed in the canals for 4 months. (c) After 
initial healing was confirmed, MTA was used to seal the perforation and obturate the distal canal. (d) Complete healing at 1.5‐year 
recall; despite the short fills on the mesial roots, the periapical tissues are healthy and the patient is asymptomatic.
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treatment, increased symptoms, and an increased inci-
dence of flare‐ups (Fouad, 2003). However, other med-
ical conditions, even HIV status, do not appear to 
influence the outcomes of root canal treatment 
(Quesnell et al., 2005).

In fact, root canal treatment may be provided, even 
in the case of useless teeth so as to avoid extraction or 
surgery, in patients who have bleeding disorders, who 
have received high‐dosage bisphosphonate therapy, 
or who are undergoing head and neck radiation. In 
these situations, great care must be taken to avoid 
traumatizing the gingiva during rubber dam clamp 
placement, etc. Increased age does not influence end-
odontic outcomes; however, increased calcification 
can increase the level of technical difficulty (Hamedy 
et al., 2014).

Failure to heal after root canal 
treatment

Most root canal treatment results in healing. Root canal‐
treated teeth have extremely high survival rates, as 
measured by systematic review, the highest level of 
clinical evidence (Iqbal and Kim, 2007; Torabinejad  
et al., 2007). Follow‐up is needed to monitor the healing 
process. Usually positive signs, a decrease in the size of a 
periapical radiolucency and bony healing, become evi-
dent in 6 months to 1 year.

For teeth that had preoperative periapical radiolu-
cencies, it is expected that the radiolucencies will resolve 
over time. A periapical lesion is an immunological 
response to bacteria and their breakdown products. 
After the root canal system has been properly cleaned, 
disinfected, and obturated, the periapical tissues can 
begin to heal and return to their normal architecture. If 
root canal treatment was not thorough, then remaining 
bacteria will prevent healing.

The healing and remodeling process takes time, some-
times years (Molven et al., 2002). If a tooth has had 
NSRCT and a periradicular radiolucency is still present, 
it does not necessarily mean that the treatment is fail-
ing. It is irrational to extract, retreat, or surgically treat 
such a tooth based solely on radiographic findings. If the 
tooth is in the process of healing, soft tissue findings 
quickly return to normal; sinus tracts, edema, and deep 
periodontal probing defects usually resolve within a few 
weeks. An absence of tenderness to chewing, percussion, 

and palpation is expected on an RCT‐treated tooth that 
is healed or healing within normal limits.

Unhealed cases
In making the determination of whether the RCT is fail-
ing and further treatment is needed, it can be helpful to 
assess the quality of the existing treatment clinically and 
radiographically, but “radiographic esthetics” aren’t nec-
essarily an indicator of prognosis. We have all seen 
“radiographically beautiful” cases fail, and less than 
optimal cases succeed. The question is, have the biologic 
goals of removing bacteria and sealing the tooth been 
met? Unfortunately, the intraradicular bacterial status 
cannot be determined by looking at a radiograph. 
Nevertheless, cases with clear deficiencies, such as 
incomplete treatment or missed canals, may be 
retreated. The patient and treating dentist can provide 
useful information such as the date of the original 
treatment and treatment protocol, for example, whether 
a rubber dam was used.

Management of unhealed cases
If a periapical radiolucency does not decrease in size, or 
if a tooth remains symptomatic, nonsurgical retreatment 
is generally indicated (Figure 3.15) (Torabinejad et al., 
2009). Only if retreatment has not been successful, or if 
retreatment is not possible, should root end microsur-
gery be performed provided (Torabinejad et al., 2015). 
A single tooth implant may be a viable alternative to 
apical surgery in a severely compromised tooth.

If a tooth requires endodontic retreatment, in the 
absence of irreparable iatrogenic damage, and is restor-
able, the chance of saving the tooth with endodontic 
retreatment or indeed even with retreatment followed 
by surgery is excellent.

Conclusion

Root canal treatment is a predictable and viable way to 
eliminate pain, inflammation, and infection of end-
odontic origin while saving precious natural teeth, but it 
is not easy. Thoughtful treatment planning and technical 
care are required to avoid all potential complications. 
Should complications be anticipated, or should they 
occur, endodontic specialists can be called upon. Patients 
prefer to save their natural teeth and appreciate the 
meticulous work that is endodontics.
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Fixed prosthodontics

Common complications
Fractured porcelain
The porcelain fused to metal (PFM) restoration is still 
widely used in dentistry today for single crowns and 
fixed dental prostheses (FDPs). One of the most common 
complications with this type of restoration is fractured 
porcelain (Figure 4.1a–d). Studies have shown the inci-
dence of porcelain fracture (Table 4.1) to be between 2 
and 5% over a 10‐year period (Coonaert, Adriaens, and 
de Boever, 1984, Ozcan, 2003a).

The most frequent reason for porcelain fracture is 
related to cracks within the ceramic material. Other rea-
sons for fractured porcelain can be seen in Table  4.2 
(Ozcan, 2003b).

Prevention
Adequate preparation of the tooth (teeth) is of vital 
importance to the successful fabrication of any single 
crown or FDP. Insufficient occlusal and/or axial 
reduction can lead to technical failures such as the metal 
or porcelain being too thin and increasing the chance of 
fracture. If a tooth is overreduced, inadequate height 
and surface area will result in decreased retention of the 
crown. Overreduction also increases the chance of 
pulpal exposure, requiring endodontic treatment and 
additional buildup to restore the tooth. When a clinical 
crown is short, grooves can be placed in the axial walls 
of the preparation to increase retention or crown 
lengthening may be indicated if there is adequate bone 
and root length.

Management
Fractured porcelain can be repaired most commonly in 
three ways:
1 Rebonding the fractured chip to the remaining frac-

tured porcelain.
2 Bonding a porcelain veneer to the fractured porcelain.
3 Using a composite resin to restore the fractured 

porcelain (Figure 4.2a–f) (Yanikoglu, 2004). Porcelain 
repair kits are commercially available for this purpose.
The prognosis of a porcelain repair is highly dependent 

on the integrity of the bond between the ceramic and 
the composite resin (Yanikoglu, 2004) and the condi-
tioning methods used (Kimmich and Stappert, 2013). 
If  fractured porcelain remains unrepaired, sharp edges 
have the potential to cause ulceration of the surround-
ing soft tissue. If a fracture occurs along an incisal edge 
(Figure 4.1a, b), esthetics, speech, and occlusal function 
may be compromised.

Fractured metal frames
Any material, including metal, will fracture if the load 
applied exceeds that material’s fracture strength (Baran, 
Boberick, and McCool, 2001). In the case of FDPs, one of 
the most important considerations to avoid metal frame 
fracture is the height and width of the connector. The 
connector is the weakest component of an FDP since it 
displays the highest concentration of stress (Wright, 
1986). When an FDP metal framework is subject to load-
ing, it will flex, causing deformation. The metal frame-
work must be sufficiently rigid to withstand this 
deformation (Selby, 1994). If the forces consistently 
exceed two thirds of the stress limit value of the metal, 
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the continuous loading of occlusal forces will cause metal 
to fracture due to fatigue (Lundgren and Laurell, 1994).

Prevention
Imperfections in the casting, poor solder joints, and small 
connectors may increase the possibility of framework 
fracture (Selby, 1994) even if there is a passive, accurate 
fit of the framework (Sones, 1989). Case selection in 
providing FDPs is of critical importance to reduce the 
likelihood of fractured frameworks. Short clinical crowns 
and long spans should be avoided. One study found the 
recommended minimum dimensions for metal FDP con-
nectors to be 4.1 mm in height and 4.0 mm in width for 
a single posterior tooth replacement and 2.9 mm in 
height and 3.0 mm in width for a maxillary anterior 
tooth replacement (Erhardson, Carlsson, and Wictorin, 
1980). Since solder joints are common sites for fractures, 
FDPs should be cast in one piece if possible (Glantz and 
Nyman, 1982). If a framework must be cut and soldered, 

(a) (b)

(c) (d)

Figure 4.1 Examples of fractured porcelain. Reproduced with permission from T. Suzuki.

Table 4.1 Fracture rate of porcelain fused to metal restorations.

Author Year Fracture 
rate (%)

Time period 
(year)

Strub, Stiffler, and Scharer 1988 2.7  7

Karlsson 1986 4.2 10

Sailer et al. 2007 2.9  5

Table 4.2 Reasons for fractured porcelain.

•	 Cracks within the ceramic material
•	 Improperly designed metal substructure
•	 Different coefficients of expansion between metal and porcelain
•	 Excessive porcelain thickness
•	 Technical flaws in application of porcelain
•	 Occlusal forces
•	 Trauma

Data from Ozcan (2003b).
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midpontic solder joints (vertical and diagonal) have been 
shown to be stronger than a solder joint at the inter-
proximal connector area (Ferencz, 1987).

Management
Fractured frameworks can be repaired, but the cause of 
the fracture should be determined in order to prevent the 
fracture from recurring. Possible causes to consider could 
be metal miscast, the span of the FDP being too long, or 
insufficient occlusal clearance for an adequate connector. 
The most predictable way to manage a fractured frame-
work is to identify the cause of the fracture, modify the 
design of the framework as needed, then remake the FDP.

Crown/FDP loose
Occasionally a crown or FDP will begin to exhibit 
mobility. Sometimes the patient will notice movement 
and inform the dentist, other times the patient is 
unaware, and it is discovered during a routine recall 
examination. When a crown or FDP is perceived to have 

mobility, it is important to determine exactly what is 
loose. It is possible that only the crown or FDP is loose 
and may simply require removal, cleaning, and rece-
mentation. However, it may also be possible that the 
tooth or one or more abutments of the FDP may be 
loose and the prosthesis is intact and stable. This can be 
due to bone loss, root fracture, or occlusal trauma.

Management
A thorough clinical examination with careful visual 
inspection is necessary to determine if the supporting 
abutments are mobile. Clinical judgment will determine 
how to proceed in these instances. If the crown or FDP 
is intact, and the mobility is due to bone loss, a referral 
to a periodontist is recommended to determine if any 
surgical intervention is indicated. Occlusion should be 
checked to rule out occlusal trauma. If the mobility is 
determined to be caused by occlusal trauma, an occlusal 
adjustment may be all that is necessary. If a radiographic 
examination reveals the mobility to be caused by a root 

(a) (b) (c)

(d) (e) (f)

Figure 4.2 Procedure to repair porcelain with composite resin. (a) Fractured porcelain, (b) diamond bur roughening surface 
of porcelain and metal, (c) application of hydrofluoric acid, (d) allow acid adequate time to etch (according to manufacturer’s 
instructions), (e) application of bonding agent, (f) finished repair with composite resin. Reproduced with permission 
from T. Suzuki.
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fracture, a new appropriate treatment plan will be 
needed. Since root fractures often render a tooth unre-
storable, extraction may become necessary. Clinical 
options such as fixed, removable, or implant prostho-
dontics must then be discussed with the patient to 
determine the method of tooth replacement.

If a crown is loose, it can almost always be removed 
intact. If an FDP is loose, it may not always be removed. 
At times, only one of several abutment crowns may 
have a defective cement seal on an FDP. If this is the 
case, the FDP may have to be cut off and replaced with 
a new one, if the supporting abutments are still 
restorable.

Crown/FDP fallen out
Sometimes a crown or FDP can fall out. Saliva contami-
nation during the cementation process may wash out 
some cement before the cement has had a chance to 
fully set. If the occlusion was not properly adjusted, lat-
eral forces on a crown can, over time, break the cement 
seal and cause looseness of a crown or FDP.

Prevention
Periodic recall examinations are critical for the long‐
term success of any prosthesis. A careful check of the 
occlusion in centric occlusion, protrusive, and lateral 
excursions is critical to discover if any occlusal interfer-
ences exist. These interferences must be eliminated 
prior to dismissing the patient after a crown or FDP 
cementation to prevent lateral forces from acting detri-
mentally on the crown or FDP. Periodontal health must 
also be monitored to detect active periodontal disease, 
which when left untreated can lead to prosthetic 
 complications. Periodic radiographic examinations are 
indicated to detect recurrent decay, bone loss, or other 
pathology.

Management
Reexamine the crown (or FDP) for fractures, perfora-
tions, excessive wear, or any other complication that 
may prevent the recementation of the prosthesis. 
Reevaluate the tooth (or abutments) for recurrent decay 
and reassess the periodontal health. Confirm if the 
internal and interproximal fit of the crown is acceptable. 
Some studies (Levers and Darling, 1983) have shown 
that supraeruption is a continual process. So it is very 
important to check the occlusion, especially if the 
patient has had the crown out of his/her mouth for an 

extended period of time. It is perfectly acceptable to 
recement a crown or FDP if it is intact, it fits well, and 
the occlusal and interproximal contacts have been prop-
erly adjusted.

Removable prosthodontics

According to the American College of Prosthodontists, 
over 35 million Americans are completely edentulous, 
and 178 million Americans are partially edentulous. 
The US adult population in need of complete denture 
treatment will increase from 35.4 million in 2000 to 
nearly 37.9 million in 2020 (Douglass, Shih, and Ostry, 
2002).

Common complications in complete 
dentures
Pain, difficulty eating, and loose dentures
Several studies have reported that when denture 
patients were surveyed, their most common complaints 
were pain, difficulty eating, and loose dentures (Kotkin, 
1985; Smith and Hughes, 1988; Brunello and Mandikos, 
1998). No significant relationship was found between 
the patients’ gender, age, or overall health and the 
nature of the complaints (Brunello and Mandikos, 
1998; Dervis, 2002). Clearly, if a patient has pain, he/
she will have difficulty chewing and eating and may not 
wear the denture. Pain can be severe enough so that the 
patient cannot wear the denture. One of the most 
common causes of pain is denture‐induced ulceration, 
most often in the frena and regions of muscular attach-
ments (Bergman and Carlsson, 1972). Denture‐induced 
lesions are the most common symptom among patients 
after delivery of complete dentures (Kivovics et al., 
2007). Ulcerations can also be caused by thin, sharp, or 
overextended denture borders, resulting in discomfort 
and a poor fit.

Management
Poorly fitting dentures can be managed by detecting the 
cause of the poor fit. Prostheses with poor fit can be 
caused by distorted impressions, improper blockout and 
waxing, processing errors, or improper metal or acrylic 
finishing and polishing (Shetty and Shenoy, 2011). 
Overcompression of the tissue during impression mak-
ing will result in a pressure area in the denture base that 
impinges on the soft tissue. It is important to check the 
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internal adaptation of any denture prior to delivery. 
Disclosing agents (disclosing wax, pressure indicating 
paste, indelible applicators, sprays, etc.) can be used to 
determine the accuracy of fit. Proper adjustment of den-
tures prior to delivery will reduce the chances of 
complications.

Loss of retention
One of the most common complications among 
complete denture wearers is loss of retention (Brunello 
and Mandikos, 1998; Bilhan et al., 2013). One study 
(Brunello and Mandikos, 1998) found 88% of the 
patients examined had dentures with poor retention. 
This can be caused by improperly extended denture bor-
ders, poor tissue contact, or an inadequate posterior pal-
atal seal resulting in an imperfect peripheral seal of the 
denture. Also, as the residual ridge resorbs, the fit of the 
denture base declines (Jorge et al., 2012). Although 
residual ridge resorption is a chronic and continuous 
process of bone remodeling (Kovacić et al., 2010), the 
rate at which it occurs varies significantly among indi-
viduals (Nishimura and Garrett, 2004).

Prevention
Prevention of complications in removable prosthodon-
tics begins with a thorough and complete intraoral 
examination and proper diagnostic procedures. 
Accurate, distortion‐free impressions are of utmost 
importance in the fabrication of all types of dentures. 
Diagnostic (preliminary) impressions are very impor-
tant in order to fabricate accurate custom trays. Without 
properly extended custom trays, accurate border 
molding becomes very difficult, increasing the chances 
of an inaccurate impression and an inaccurately fitting 
prosthesis. The fabrication process in the dental labora-
tory is also critical to ensure properly fitting dentures. 
Occlusion should always be thoroughly checked upon 
delivery of any prosthesis. Denture teeth will often 
move during the final processing, resulting in occlusal 
contacts different from the final esthetic wax try‐in. 
Premature occlusal contacts will cause unwanted 
movement in a denture and may lead to uncomfortable 
ulcerations. When dentures are fabricated, balanced 
occlusion should be used to achieve an even distribu-
tion of occlusal forces (Feng, Liao, and Chen, 2012). 
Patients with moderately or severely resorbed ridges 
may be candidates for implant‐supported overdentures 
to provide more stability to the denture base.

Management
One of the most effective ways to manage a denture that 
has lost retention is to perform a chairside or laboratory 
reline. This can be done if the denture is intact and the 
existing denture teeth retain adequate anatomical detail 
to remain functional. One study showed that, on 
average, complete dentures needed to be relined after 
5.9–7.4 years of use (Dorner et al., 2010).

Denture stomatitis
Oral mucosal lesions include denture stomatitis, angular 
cheilitis, traumatic ulcers, tissue hyperplasia, and fibrous 
or “flabby” ridges (Budtz‐Jorgensen, 1981). Of these 
lesions, denture stomatitis, often referred to as candidi-
asis, is among the most common, affecting anywhere 
from 17% (Kovav‐Kavcic and Skaleric, 2000) to over 
70% (Budtz‐Jorgensen, Holmstrup, and Krogh, 1996) 
of denture wearers. It is characterized by inflammation 
and erythema of the portion of the oral mucosa covered 
by a denture (Arendorf and Walker, 1987) and may 
have a “cottage cheese‐like” appearance (Negm, 2013). 
Although most patients are asymptomatic, some com-
plain of a burning sensation, discomfort, or bad taste 
(Chen and Zirwas, 2007). Candidiasis has been associ-
ated with numerous conditions (Table 4.3).

Numerous studies have reported a significant 
association between yeast colonization, especially 
Candida albicans, and denture stomatitis (Budtz‐
Jorgensen and Bertram, 1970; Webb et al., 1998; Baena‐
Monroy et al., 2005; Bilhan et al., 2009).

Prevention
Denture patients must be given very specific postde-
livery oral hygiene instructions. Since poor denture 
hygiene has been associated with denture stomatitis 
(Kulac‐Ozkan, Kazazoglu, and Arikan, 2002), patients 

Table 4.3 Denture stomatitis has been associated with:

•	 Poor oral hygiene
•	 Poor denture hygiene
•	 Continual and nighttime wearing of dentures
•	 Accumulation of denture plaque
•	 Bacterial and yeast contamination of denture surface
•	 Trauma due to poor denture fit
•	 Increased age of the denture user
•	 Increased age of the denture

Data from Gendreau and Loewy (2011).
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must be instructed to thoroughly brush their dentures 
every day. Use of an ultrasonic cleaning device has also 
been shown to be an effective cleansing alternative 
(Shay, 2000), especially for patients with limited 
manual dexterity. Soaking dentures overnight in a 
1 : 50 dilution (0.02%) of sodium hypochlorite solution 
for several weeks (Webb et al., 1998), as well as 
removing dentures at night while sleeping, will also 
help to reduce the incidence of denture stomatitis 
(Gendreau and Loewy, 2011).

Management
Several treatments have been shown to be effective in 
the treatment of denture stomatitis (Table 4.4).

Fractured dentures
Complete and partial dentures can fracture in a 
variety of ways. The causes of denture fracture 
include inaccurate fit of the denture base, poor 
occlusal balance, accidental dropping, and presence of 
a maxillary torus (Beyli and von Fraunhofer, 1981; 

Uzun and Herseck, 2002). Also, ongoing crestal 
resorption results in a lever effect atop the hard pal-
atal midline (Cilingir et al., 2013). Maxillary dentures 
were found to fracture twice as often as mandibular 
dentures (Beyli and von Fraunhofer, 1981). Of all 
types of denture repairs, 33% were due to debonded 
or detached teeth, 29% were due to midline fractures, 
and the remaining 38% were other types of fractures, 
including detachment of acrylic from metal in cast 
metal removable dental prostheses (RDPs) (Darbar, 
Huggett, and Harrison, 1994).

Prevention
Periodic recall examinations for completely and partially 
edentulous patients are critical in discovering the poten-
tial for future fractures. The oral hygiene of the 
individual patient will determine recall frequency. Every 
recall examination should include a thorough evalua-
tion of the stability and retention of the prostheses. One 
technique used to improve the fracture resistance of 
complete dentures is the incorporation of metal into the 
denture base at the time of fabrication (Balch et al., 
2013). This can be achieved with a cast metal frame-
work (Figure  4.3a, b) using chromium–cobalt or a 
variety of other metal strengtheners such as wires, 
plates, and mesh (Vallittu, 1995). Chrome–cobalt is 
chosen for casting because it has strength and rigidity 
with minimum bulk (Morrow et al., 1968).

Other materials such as glass or nylon fibers embedded 
in the denture have been shown to increase its flexural 
strength (John, Gangadhar, and Shah, 2001). With the 

Table 4.4 Treatment of denture stomatitis.

Nystatin powder Bergendal and Isacsson (1980)

Topical miconazole gel Watson et al. (1982)

Nystatin oral rinse DePaola et al. (1986)

Oral fluconazole Budtz‐Jorgensen, Holmstrup, 
and Krogh (1988)

(a) (b)

Figure 4.3 Examples of cast metal reinforced maxillary dentures.
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advent of computer‐aided design/computer‐aided man-
ufacturing (CAD–CAM), the days of denture repairs of 
this nature may shortly be behind us. Two manufac-
turers in the United States are fabricating dentures using 
CAD–CAM technology and are storing the fabrication 
data in their computer databases. In the not too distant 
future, a new, replacement denture may only be a 
phone call away.

Management
Some fractures require complete refabrication of the 
prosthesis, while some fractures can be repaired (Figure 
4.4a, b). Fractures that can be managed by repair of the 
prosthesis have become very common, especially if they 
can be done chairside (Figure 4.5a–n). Although labora-
tory refabrication or repair has a better prognosis than a 
chairside repair, involving a lab can be costly and time 
consuming. Newer materials, such as light‐ or dual‐
cured bis‐acryl composites, may offer some advantages 
(less shrinkage, lower setting temperatures, no odor) 
but also tend to be more brittle than  traditional acrylic 
resins (polymethyl methacrylate).

Lost/missing/broken denture teeth
When a patient presents with a broken (Figure 4.6a–h) 
or lost (Figure  4.7a–j) denture tooth, sending the 
prosthesis to a commercial dental laboratory for a 
repair is costly and time consuming. Using composite 
resin for an in‐office replacement of the broken or 
lost tooth eliminates the need for a laboratory repair 

and can produce an esthetic result (Stameisen and 
Ruffino, 1987).

Prevention
Contamination with wax at the time of laboratory 
processing appears to be the main reason for detached 
teeth (Cunningham and Benington, 1997). Careful 
attention to detail in the laboratory is essential to avoid 
this contamination.

Management
A broken or missing tooth can also be replaced with 
another denture tooth of similar size and shade. The dis-
advantage of this technique is that it requires either a 
large inventory of denture teeth or the time consuming 
and costly delay of ordering new teeth. With mechanical 
retention, this can be a very predictable repair.

Similar to the repair of a complete denture, several 
materials (Figure  4.5j) can be used to reinforce and 
strengthen the replacement of a missing tooth.

Common complications in removable 
dental prostheses (RDPs)

RDPs have similar complications to that of complete 
dentures (Table 4.5). However, the one component an 
RDP has that a complete denture does not is a clasp. The 
most commonly seen complication found in RDPs is loss 
of retention (Bilhan et al., 2012; Rehmann et al., 2013).

(a) (b)

Figure 4.4 Examples of fractured maxillary dentures.
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Figure 4.5 Repair procedure for a broken denture. (a) Fractured denture, (b) determine if denture can be reassembled cleanly, (c) small 
amount of cyanoacrylate to reassemble denture, (d) lab putty‐polyvinyl siloxane (PVS), (e) PVS index of denture, (f) inverted cone 
acrylic bur used to make undercut notches, (g) undercut notches for mechanical retention (side view), (h) undercut notches for 
mechanical retention (occlusal view), (i) denture placed back on PVS index, (j) several different materials can be used to reinforce a 
repaired denture. Left to right: nylon mesh, orthodontic wire, perforated metal mesh, metal bar, (k) reinforcement material placed in 
notches, (l) reinforcement material shown below surface of denture, (m) application of powder and liquid repair acrylic to fill in voids, 
(n) allow repair acrylic to set, polish before delivery.

(a) (b)

(c) (d)

(e) (f)
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(g) (h)

(i) (j)

(k) (l)

Figure 4.5 (Continued)
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Figure 4.6 Broken tooth repair with composite. (a) Fractured denture tooth, (b) notches made for mechanical retention, (c) shade 
selection, (d) etchant applied, (e) bonding agent applied, (f) composite buildup, (g) light cure, (h) finished repair.

(a) (b)

(c) (d)

(m) (n)

Figure 4.5 (Continued)
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Loss of retention
Loss of retention in an RDP can be caused by residual 
ridge resorption, loosening of abutment teeth, loosening 
of clasps, or broken clasps. As in a complete denture, 
relining may become necessary to reestablish intimate 
tissue contact between the RDP and the soft tissue.

Loose clasps
An RDP can lose retention over time due to one or more 
retentive clasps no longer engaging the undercut it was 
intended to engage.

Prevention
To reduce the frequency of loose clasps, instruct the 
patient on proper removal and insertion of the RDP. 
Every time an RDP is inserted and removed, the 

retentive clasp flexes to engage and disengage the 
undercut. Excessive removal and insertion will accel-
erate fatigue of the metal. The patient should also be 
instructed to insert and remove the RDP along the 
proper path of insertion to avoid distorting or placing 
excess torque on the clasps.

Management
Clasps can be adjusted with the use of clasp‐bending pli-
ers, but it is important to keep in mind that only the 
terminal third of the clasp arm has enough flexibility to 
engage an undercut (Renner and Boucher, 1987). When 
bending a clasp to restore retention, there is always the 
possibility that the clasp will break or become more 
deformed (Sato, 1999).

(g) (h)

(e) (f)

Figure 4.6 (Continued)
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Figure 4.7 Broken tooth replacement with new denture tooth. (a) Tooth selection, (b) assess proper fit, size, and shade, (c) notches 
for mechanical retention, (d) nylon strip, (e) metal bar, (f) perforated metal mesh, (g) orthodontic wire, (h) powder and liquid 
repair acrylic, (i) finished repair, lingual view, (j) finished repair, facial view.

(a) (b)

(c) (d)

(e) (f)
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Broken clasps/frame/rest seats
Flexible clasps that engage undercuts on teeth are sus-
ceptible to fracture over time due to metal fatigue. 
Internal voids in the metal due to improper casting tech-
nique can predispose clasps and even major connectors 
to fracture (Lewis, 1978). Occlusal rest seats and embra-
sure clasps through the areas of the rest seat can also 
break (Figure 4.8a–c).

Prevention
Following proper design principles is crucial to minimize 
complications in RDP fabrication. The type and material 
of the clasp to be used will depend on the amount of 
undercut available on the tooth, soft tissue undercuts, and 
the periodontal health of the abutment tooth. The under-
cuts can be evaluated using a surveyor (McCord et al., 

Table 4.5 The incidence and types of RDP complications.

n %

Complications Loss of retention 64 64.6

Irritation or ulceration 47 47.5

Loss of artificial teeth 35 35.4

Fracture of denture base 26 26.3

Stomatitis  9 9.1

Epulis fissuratum  5 5.1

Fractured remaining clasps  4  4

Existence of inflammatory 
papillary hyperplasia

 2  2

Data from Bilhan et al. (2012). Reproduced with permission from The 
Korean Academy of Prosthodontics.

(g) (h)

(i) (j)

Figure 4.7 (Continued)
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2002). The selection of the type, placement, and number 
of clasps, major connector, and other components of the 
RDP must follow accepted design principles (Table 4.6) to 
ensure success (Bohnenkamp, 2014).

When preparing rest seats it is critical to ensure ade-
quate reduction of tooth structure to accommodate the 
planned rest seat. This will provide adequate occlusal 
clearance for a rest seat. Similar to a crown preparation, 
insufficient tooth reduction or insufficient occlusal 
clearance will increase the number of complications. 
Occlusal rests should be of sufficient thickness and size 
to prevent fracture of the rest from the framework (Rice 
et al., 2010). Different sources in the literature have rec-
ommended different suggestions as to just what size an 
adequate rest seat should be (Table 4.7).

Also important is to have accurately mounted and 
articulated casts to send to the laboratory technician. Be 
sure there is adequate occlusal clearance for the designed 
clasp before sending the casts to the laboratory.

(a) (b)

(c)

Figure 4.8 Fractured RDP clasp. (a) Embrasure clasp needs occlusal adjustment, (b, c) fractured clasp due to inadequate tooth 
reduction and inadequate occlusal clearance.

Table 4.6 Undercut needed for certain clasps.

Type of clasp Amount of retentive 
undercut needed (in.)

Cast metal half‐round circumferential clasps 0.01

Wrought wire or cast metal round clasps 0.02
Infrabulge clasp 0.01

Data from Bohnenkamp (2014).
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Management
Broken claps are most commonly replaced with an 
added wrought wire clasp (Parr and Gardner, 1993). 
This can be done in the office if there is an adequate 
acrylic base to retain the clasp or sent to the lab to have 
a new clasp soldered into place. Broken clasps and 
broken RDP frames can also be repaired by welding. 
One of the oldest and most versatile welding processes is 
oxyfuel welding (conventional gas welding) which 
burns acetylene in oxygen (Kumar et al., 2012). During 
the past decade, the use of laser welding (Figure 4.9a–c) 
had become more popular because of its ease of use and 
pinpoint area of heat, resulting in less damage to other 
parts of the RDP (Suzuki et al., 2004).

Replacing a missing tooth in an RDP
If an RDP has lost a denture tooth due to fracture, it can 
be repaired in the same manner as a lost denture tooth 
in a complete denture. Although not the most common 
complication to occur in RDPs, occasionally a clasped 
natural abutment tooth is lost to periodontal disease or 
root fracture. One study showed it had an incidence of 
8.6% of RDP complications (Behr et al., 2012).

Management
A natural tooth can be replaced in an RDP in several 
ways. Prior to the extraction, a pickup impression is 
made using irreversible hydrocolloid (alginate) or 
polyvinyl siloxane (PVS) impression material. The clasps 
can then be bent inward to retain the powder and liquid 
acrylic placed in the impression of the tooth to be 
extracted (Figure 4.10). In this way an exact duplicate 

(a) (b) (c)

Figure 4.9 Examples of laser welding clasp and framework repair. Reproduced with permission from LaserStar Technologies.

Figure 4.10 Applying acrylic into a pickup impression to 
replace a missing tooth in an RDP.

Table 4.7 Recommendations for rest seats.

Author Year Width Length Depth (mm)

Buccolingually Mesiodistally

Rudd et al. 1999 1/3 the crown width 1/3 to 1/2 crown length 1–2

Sato et al. 2003 2–2.5 mm 1/3 to 1/2 crown length 1–1.5

Luk et al. 2007 1 mm 2 mm 1.46
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of the shape of the tooth that was extracted can be 
attached to the existing RDP.

In a similar manner, the clinical crown of the extracted 
natural tooth itself can be used, after disinfection, to 
attach to the RDP (Satapathy et al., 2013). This can be 
especially effective for patients with high esthetic needs 
or when a shade is difficult to match. Whichever tech-
nique is used, it is important to check the repaired RDP 
intraorally, to determine if any adjustments are necessary.

Combination syndrome
Combination syndrome (CS) is commonly seen in 
patients with a complete maxillary denture opposed by 
mandibular natural anterior teeth and a bilateral distal 
extension partial denture (Langer, Laufer, and Cardash, 
1995). The incidence of patients with CS has been 
found to be 24% among patients who wore maxillary 
complete dentures opposing mandibular natural ante-
rior teeth, five times greater than completely edentu-
lous denture wearers (Shen and Gongloff, 1989). It was 
first described by Kelly (1972) to include the following 
symptoms (Table 4.8).

The following destructive changes also occur 
(Table 4.9).

There is some controversy as to why these changes 
take place. Kelly (1972) suggests that bone loss in the 
anterior maxilla starts first, followed by the enlarge-
ment of the maxillary tuberosities. It is only after 
both  dentures migrate downward posteriorly that 

supraeruption of the mandibular anterior teeth occurs 
(Langer, Laufer, and Cardash, 1995). Saunders, Gllis, 
and Desjardins (1979) believe that mandibular poste-
rior support is lost first, leading to increased occlusal 
load in the anterior region.

Prevention
In a patient with a bilateral distal extension RDP, careful 
attention must be given to the proper design of the RDP. 
Since soft tissues contribute to the support of an RDP 
also, it is important that the denture base has properly 
extended borders, covering the retromolar pads and 
buccal shelves. Early replacement of lost teeth with 
implants has been suggested as a way to avoid the 
development of CS (Tolstunov, 2007).

Management
Preserving the health and function of remaining natural 
teeth can prevent progression of CS. Early detection of 
the symptoms of CS will enable the dentist to initiate 
corrective measures (Tolstunov, 2007). Prosthodontic 
treatment of CS should be designed to restore posterior 
occlusal support and reduce the occlusal pressure on the 
anterior maxilla as much as possible (Langer, Laufer, 
and Cardash, 1995). Proper occlusal records at the 
correct vertical dimension of occlusion are critical to 
determine if there has in fact been supraeruption of the 
mandibular anterior teeth.

Implant prosthodontics

Implant‐supported restorations are designed in a variety 
of ways: fixed/removable combinations using fixed bars 
and a removable prosthesis, screw retained, cement 
retained, single unit, or multiple units.

Common complications
The incidence of individual implant prosthetic mechanical 
complications has been reported (Table 4.10), and four of 
the most commonly occurring implant prosthetic compli-
cations involved overdentures (Goodacre et al., 2003).

For the edentulous patient, the disadvantages of 
complete dentures are well known (Table 4.11).

The implant‐supported overdenture has become a 
viable and popular alternative to the complete denture, 
especially for the treatment of the edentulous man-
dible (Table 4.12).

Table 4.9 Combination syndrome.

•	 Loss of vertical dimension of occlusion
•	 Occlusal plane discrepancy
•	 Anterior repositioning of the mandible
•	 Poor adaptation of the prostheses
•	 Epulis fissuratum
•	 Periodontal changes

Data from Saunders, Gllis, and Desjardins (1979).

Table 4.8 Combination syndrome.

•	 Bone loss from the anterior maxilla
•	 Hypertrophy of the maxillary tuberosities
•	 Papillary hyperplasia in the hard palate
•	 Supraeruption of the mandibular anterior teeth
•	 Bone loss under the partial denture base

Data from Kelly (1972).
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An implant‐supported overdenture can receive reten-
tion and stability from several types of inserts and attach-
ments. These include bars, clips, balls, rubber rings, nylon 
inserts, and even magnets. One study (Berglundh, 
Persson, and Klinge, 2002) found the incidence of super-
structure complications in overdentures to be 4–10 times 
greater than in fixed restorations. Even with the incidence 
of complications, patients still strongly preferred implant‐
supported overdentures over conventional complete den-
tures (Karabuda, Yaltink, and Bayraktar, 2008).

Loose clip/attachment
All types of overdenture attachments, clips, and inserts 
will exhibit wear over time during normal function, due 
to fatigue (Rutkunas, Mizutani, and Takahashi, 2005).

Prevention
It has been shown that the type of attachment used has 
a negligible effect on the prosthetic outcome (Cehreli 
et al., 2010). Proper fit and occlusion of the overden-
ture will reduce denture movement, extending the 
lifetime of overdenture attachments. Examination of 
the  overdenture at periodic recall appointments will 
help identify worn attachments.

Management
It will become necessary to replace overdenture inserts 
periodically as they wear. If the overdenture is intact, 
most simple replacements of overdenture attachments 
can be performed chairside. Careful attention to the 
manufacturer’s instructions will ensure success.

Overdenture fracture
The acrylic resin used to fabricate implant‐supported over-
dentures becomes thinner and weaker after attachments 
are inserted into the denture (Domingo et al., 2013). 
Typically, the fracture of an overdenture, especially one 
with no metal reinforcement, will occur right in line with 
where the inserts are placed (Figure  4.11a–d). This is 
because the acrylic denture base is thinnest in this location.

Even metal frameworks imbedded in implant‐sup-
ported overdentures will fracture if the metal is too thin 
to tolerate occlusal forces (Figure 4.12).

Prevention
Upon initial diagnosis and examination, it is important 
to have properly mounted and articulated diagnostic 
casts. This will reveal if there is adequate interocclusal 
space for the placement of overdenture attachments. 

Table 4.10 Most common implant prosthetic complications.

Complication Mean incidence (%)

Overdenture clip/attachment loosening 30

Resin veneer fracture/fixed partial dentures 22

Overdenture relines needed 19

Overdenture clip/attachment fracture 17

Porcelain veneer fracture/fixed partial 
dentures

14

Overdenture fracture 12

Opposing prosthesis fracture 12

Esthetic complication with prosthesis 10

Acrylic resin base fracture  7

Prosthesis screw loosening  7

Phonetic complications  7

Abutment screw loosening  6

Prosthesis screw fractures  3

Metal framework fractures  3
Abutment screw fractures  2

Data from Goodacre et al. (2003). Reproduced with permission from 
Elsevier.

Table 4.11 Disadvantages of complete dentures.

•	 Fabrication requires attention to detail
•	 Lack of stability and retention
•	 Ongoing alveolar bone loss
•	 Compromised function when ill fitting
•	 Social concerns (slippage, unnatural appearance)

Data from Doundoulakis et al. (2003). Reproduced with permission 
from Elsevier.

Table 4.12 Advantages of the implant‐supported overdenture.

•	 As few as two implants may be used for support
•	 Good stability and retention
•	 Improved esthetics and function
•	 Reduced residual ridge resorption
•	 Possible incorporation of existing denture into the new 

prosthesis

Data from Doundoulakis et al. (2003). Reproduced with permission 
from Elsevier.
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Various types of overdenture attachments require dif-
ferent amounts of occlusal clearance. A thorough and 
complete clinical examination must be performed to 

establish if the patient is a candidate for preprosthetic 
surgery such as ridge reduction, alveoplasty, tuberosity 
reduction, etc. Metal reinforcement of the overdenture 
will reduce the incidence of fracture.

Regular recall maintenance is critical to monitor the 
wear of overdenture components. Patients with over-
dentures should be instructed to monitor the retention 
and stability of their denture. All patients, but especially 
patients with superstructures, need to understand the 
importance of good oral hygiene.

Management
Fractured overdentures can be repaired, but often they 
will fracture again if there is inadequate acrylic thick-
ness to support normal function. Be sure to check intra-
orally that the height of each overdenture abutment is 
correct. If an abutment is too high (supragingivally), it 
may need to be removed and replaced with a new 

(a) (b)

(c) (d)

Figure 4.11 Examples of fractured overdentures. Reproduced with permission from T. Suzuki.

Figure 4.12 Fractured metal framework. Reproduced with 
permission from T. Suzuki.
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abutment with the proper height. Studies have shown 
no difference in patient satisfaction and function bet-
ween conventional complete dentures and implant‐
supported overdentures in the maxilla (Cune, De Putter, 
and Hoogstraten, 1994; De Albuquerque Junior et al., 
2000). It has also been reported (Goodacre et al., 2003) 
that maxillary implant‐supported overdentures had 
the highest incidence of implant loss when compared 
to all other types of implant prostheses with survival 
rates as low as 71% at 5 years (Dudley, 2013). As a 
result, maxillary implant‐supported overdentures 
should not be considered as a general treatment of 
choice in patients with good bony support for maxil-
lary conventional prostheses (De Albuquerque Junior 
et al., 2000).

Loose screws/loose crown/loose prosthesis
Screws loosen and break for several reasons 
(Table  4.13). Multiple factors should be considered 
before, during, and after prosthetic treatment. The 

incidence of screw loosening was found to be 6% 
(Goodacre et al., 2003).

In the case of angulated implants requiring screw‐
retained custom abutments, occlusal forces are not 
directed along the long axis of the screw. This may gen-
erate more strain than the screw can tolerate, resulting 
in a fractured screw (Binon, 2000). The misfit of the 
superstructure has been shown to significantly con-
tribute to screw instability (Al‐Turki et al., 2002). 
Radiographic examination can be helpful to determine 
if a metal framework fits accurately (Figure  4.13). If 
possible, it is important to determine the cause of the 
loose screw. Retightening the screw may alter its 
metallic properties causing progressive loss of torque 
retention and fracture (Weiss, Kozak, and Gross, 2000; 
Fauvell, Gialanella, and Penna, 2006).

Broken screws
The most common reason for screw fractures 
(Figure  4.14a–d) is undetected loosening (Fauvell, 
Gialanella, and Penna, 2006) which can be caused by 
bruxism, ill‐fitting superstructure, overloading, or 
malfunction (Nergiz, Schmage, and Shahin, 2004). 
The mean incidence of occurrence is 4% (Goodacre 
et al., 2003).

Prevention
Proper, thorough diagnosis and presurgical prosthetic 
treatment planning are the keys to reducing the number 
of complications in implant prosthetics. This includes 
close communication with the surgeon placing the 

Table 4.13 Factors for screw loosening/breaking.

Factor Author

Operator error Brunski, Puleo, and Nanci (2000)

Torsion relaxation

Thermal changes

Amount of ridge resorption Sones (1989)

Length and number of implants

Opposing dentition

Implant angulation

Parafunctional habits

Off‐axis centric contacts Binon (2000)

Excursive contacts

Cantilevered loading

Internal stresses created by misfits

Settling
Al‐Turki et al. (2002)

Misfit of the prosthesis

Insufficient tightening force

Biomechanical overload

Differences in screw material Figure 4.13 Radiograph showing ill‐fitting metal frame. Notice the 
space between the implant platform and the metal framework.
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implants along with an accurate surgical template. Proper 
torquing of retention screws is critical to the success of 
any implant‐supported prosthesis. It has been reported 
that the average torque placed on a screw by hand 
tightening with a screwdriver is only 10 N cm 
(Dellinges and Tebrock, 1993). A specific torque is 
recommended for each screw for different implant 
systems from different manufacturers (Burguete 
et al., 1994). Too small a torque may result in screw 
fatigue, failure, or loosening; too large a torque may 
break a screw or strip the threads of the screw (Siamos, 
Winkler, and Boberick, 2002).

Management
If an abutment screw fractures above the platform of 
the implant (Figure 4.14a), a hemostat or college pli-
ers can be used to remove the broken screw. When the 

screw fractures below the implant platform, in some 
instances an explorer can be used to engage the top of 
the broken screw. If that does not succeed, several 
other techniques have been described for screw 
retrieval:

•  Placing a groove in the broken screw, use a  self‐made 
screwdriver (Williamson and Robinson, 2001)

•  Creating a trough between the broken screw and the 
internal aspect of the implant, use a fine forceps 
(Maalhagh‐Fard and Jacobs, 2010)

•  Using one of several commercially available repair 
kits (Nergiz, Schmage, and Shahin, 2004)

•  Using a piezoelectric ultrasonic scaler (Bhandari, 
Aggarwal, and Bakshi, 2013; Gooty et al., 2014)

Implant screw retrieval kits are available from 
 different manufacturers.

(a) (b)

(c) (d)

Figure 4.14 (a–c) Examples of fractured screws, (d) radiograph of broken screws inside implants. Reproduced with permission from 
T. Suzuki.
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Occasionally one implant will fail out of several 
implants that support a multiple unit FDP. One way 
to  prevent costly remakes of FDPs is to think 

ahead—this is called “overengineering” (Figure 4.15). 
If adequate bone exists and there are no contraindica-
tions, place three implants if three teeth are to be 
replaced. The alternative of two implants and a three 
unit FDP  leaves the patient vulnerable if one of the 
two implants fails.

Occlusal complications in implant prosthodontics
A successful implant‐supported prosthesis requires 
careful attention to occlusion. Implants do not have a 
periodontal ligament (PDL) like a natural tooth. As a 
result, implants lack the mechanoreceptors and the 
shock‐absorbing function that the PDL provides 
(Schulte, 1995). A natural tooth with a PDL has the 
reversible, adaptive ability to increase mobility when 
loaded (Gross, 2008). An osseointegrated implant does 
not have this ability. Hence, occlusal overload on an 
implant prosthesis tends to lead to mechanical 

CASE: JUDY G.

•	 This case was saved by overengineering. A 5 unit FDP 
was supported by four implants (Figure 4.15a). One of 
the middle implants failed (Figure 4.15b), the screw‐
retained FDP was removed, the failed implant was 
removed (Figure 4.15c), and the FDP was given back to 
the patient (Figure 4.15d). This saved the patient from 
having to remake the FDP. Even in implant‐supported 
overdentures, it has been suggested that more than 
two implants be used in the event one of the implants 
fails in the future (Doundoulakis et al., 2003). If all the 
additional implants are not used in the prosthesis 
design, they are held in reserve if needed later.

(a) (b)

(c) (d)

Figure 4.15 Example of “overengineering.” (a) Intact 5 unit FDP supported by four implants, (b) failing middle implant, (c) failing 
implant removed, (d) same 5 unit FDP reinserted.
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complications such as screw loosening or fracture of the 
components (prosthesis, screw, or implant) (Schwarz, 
2000; Pjetursson et al., 2012). Although many concepts 
and theories on implant occlusion have been proposed, 
there is currently no evidence supporting a particular 
occlusal scheme (Kim et al., 2005; Carlsson, 2009; 
Koyano and Esaki, 2015). Occlusal schemes in use 
appear to be based on clinical experience and expert 
opinion rather than evidence‐based studies (Ben‐Gal 
et al., 2013).

Prevention
Although no firm clinical guidelines have been 
established for implant occlusion (Koyano and Esaki, 
2015), some recommendations have been proposed to 
help prevent mechanical complications. Partial or full 
arch splinting and the avoidance of excursive contacts 
using shallow cuspal inclinations will reduce lateral 
forces on the prosthesis (Misch and Bidez, 2005; 
Klineberg, Trulsson, and Murray, 2013; Bergmann, 
2014). Modification of the occlusal table and contacts 
to guide occlusal forces in an apical direction has also 
been suggested to reduce complications (Kim et al., 
2005).

Management
In order to service or repair an implant restoration 
after a complication, retrievability should be consid-
ered in the initial design. A screw‐retained restoration 
is easily retrieved, while a cement‐retained restoration 
may not always be retrievable, depending on the type 
of cement used (Chee and Jivraj, 2006). When natural 
teeth are adjacent to or in occlusion with an implant 
prosthesis, it cannot be assumed the occlusal relation-
ship will stay the same over time. Natural teeth may 
move due to skeletal growth and supraeruption. 
Frequent monitoring of the occlusal contacts should 
be performed at regular hygiene maintenance visits 
(Bergmann, 2014).

Complications related to 
prosthodontics

Xerostomia
Xerostomia, more commonly known as “dry mouth,” 
is defined as the subjective impression of oral dryness 
(Fox, Busch, and Baum, 1987; Ikebe et al., 2002). 
It occurs more often in the elderly due to their increased 

use of drugs and susceptibility to disease (Sreenby 
and Schwartz, 1997). It has been estimated that 
approximately 20% of the population exhibits xero-
stomia, although prevalence in some studies has been 
as low as 10% (Matear et al., 2006) and as high as 
46% (Narhi, 1994).

Xerostomia is usually associated with hyposalivation 
and is caused most commonly by dehydration, medica-
tions, head and neck radiotherapy, diabetes mellitus, 
and other specific diseases (Arslan et al., 2009). 
Nikolopoulou, Tasopoulos, and Jagger reported the fol-
lowing associations between xerostomia and systemic 
diseases in 2013 (Table 4.14).

Also, certain classes of drugs have been shown to 
be  associated with xerostomia, especially antidepres-
sants, anticholinergics, antihistamines, and diuretics 
(Table 4.15).

Prevention
Adhesive force developed between saliva and the 
denture base functions to retain a denture (Massad and 
Cagna, 2002). Cast metal denture bases can be used as 
an alternative to acrylic, since the increased wettability 
of metal over acrylic improves the surface coverage 
with saliva (Lloyd, 1996). It has also been reported that 
cast metal denture bases enable patients to feel tem-
perature changes more than acrylic denture bases, 
resulting in enhanced flavor and enjoyment of food 
(Hummel et al., 1999).

Table 4.14 Systemic diseases in patients with objective 
xerostomia.

Systemic diseases n (%)

Diabetes 25 (36.7)

Sjögren syndrome 3 (4.4)

Oral cancer 5 (7.4)

Neck cancer 7 (10.3)

Depression 8 (11.8)

Hypertension 15 (22.0)

Gastrointestinal disorders 5 (7.4)

Data from Nikolopoulou, Tasopoulos, and Jagger (2013). Reproduced 
with permission from Quintessence Publishing Group Inc., Chicago, IL.
n = 68.
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Management
A thorough and complete medical history, including 
medications being taken, is critical to the management 
of xerostomia. If one or more medications are shown 
to have xerostomia as a side effect, perhaps the 
patient’s physician can prescribe an alternate drug. 
Since patients with xerostomia develop significantly 
more carious lesions, especially cervical or root surface 
caries, appropriate use of topical fluorides has been 
suggested (Hopcraft and Tan, 2010; Plemons, Al‐
Hashimi, and Marek, 2014). Several over‐the‐counter 
saliva substitutes are available for the relief of xerosto-
mia. More frequent recalls are indicated for patients 
with xerostomia to enable more careful monitoring of 
their dental health.

Cantilevers
The cantilever fixed dental prosthesis (CFDP) is a res-
toration with one or more abutments at one end and 
unsupported at the other end (Wright, 1986). It has 
been recommended that a cantilevered pontic have 
at least two abutments (Schweitzer, Schweitzer, 
and Schweitzer, 1968; Wright and Yettram 1979). 
Research has shown similar success rates over time 
for implant‐supported CFDPs and natural tooth‐
supported CFDPs (Table 4.16).

Among tooth‐supported CFDPs, one study found 
after 10 years, the most common complications were 
loss of pulp vitality (32.6%) and caries (Figure 4.16) at 
the abutment teeth (9.1%) (Pjetursson et al., 2004).

Among implant‐supported CFDPs, two additional 
studies concurred that after 5 years the most common 
complications were porcelain veneer fractures (10.2%) 
and screw loosening (8.1%) (Aglietta et al., 2009; 
Romeo and Storelli, 2012). Even with some complica-
tions, the tooth‐supported (Wright, 1986; Hochman, 
Ginio, and Ehrlich, 1987; Himmel et al., 1992) and the 
implant‐supported CFDP (Aglietta et al., 2009; 
Greenstein and Cavallaro, 2010; Romeo and Storelli, 
2012) both remain a valid treatment modality 
(Figure 4.17), especially in areas with anatomical limita-
tions (Figure 4.18).

Table 4.15 Drugs associated with xerostomia.

Author Year Drugs associated

Osterberg, Landahl, 
and Hedegard

1984 Anticholinergics, antihistamines

Rindal et al. 2005 Antidepressants

Thomson et al. 2006 Antidepressants, diuretics

Table 4.16 CFDP success rates.

Author Year Success 
rate (%)

Tooth or implant 
supported

Time period 
(year)

Pjetursson et al. 2004 81.8 Tooth 10

Tan et al. 2004 89.1 Tooth 10

Pjetursson et al. 2004 86.7 Implant 10

Aglietta et al. 2009 88.9 Implant 10

Figure 4.16 CFDP on natural teeth, showing caries, and severe 
bone loss.

Figure 4.17 Nineteen year postoperative still functioning CFDP.
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Prevention
Since implants are at risk for peri‐implantitis and 
natural teeth are at risk for periodontitis, proper oral 
hygiene and regular recall maintenance are critical in 
maintaining healthy abutments. A CFDP is a class 1 
lever and the abutment adjacent to the cantilever acts 
as a fulcrum (Greenstein and Cavallaro, 2010). Like a 
seesaw, a class 1 lever places a fulcrum between the 
effort and the load. This means a downward force on 
one side of the fulcrum will result in an upward force 
on the other side of the fulcrum. As a result, occlusal 
force directly on the cantilever will exert a vertical 
dislodging force on the abutment farthest away from 
the cantilever.

Management
Some of the suggestions that have been made in the lit-
erature to reduce potential complications in CFDPs 
include:

•  The abutment tooth farthest from the cantilever 
should be extremely retentive to resist vertical dis-
lodgement (Himmel et al., 1992).

•  Narrow the occlusal table on the cantilever to 
reduce the loads transferred to the abutments 
(Wright, 1986).

•  Increase the thickness in height and width of the 
metal substructure to increase resistance to deforma-
tion (Greenstein and Cavallaro, 2010).

•  Avoid off‐axis loading (English, 1993).
•  Place cantilever in infraocclusion (Carlsson, 2009).
•  Minimize cantilever length (Rodriguez et al., 1993).

•  Eliminate cantilevers when possible in bruxers 
(Misch, 2002).

Ingestion (swallowing) or aspiration
Many components used in dentistry are very small 
(Figure  4.19a, b) and have the possibility of being 
dropped into the back of a patient’s mouth during a 
dental procedure.

This can result in accidental swallowing or aspiration. 
Although ingestion is more common than aspiration 
(Venkataraghavan et al., 2011; Obinata et al., 2011; 
Santos et al., 2012), both situations should be treated as 
a medical emergency (Cosellu et al., 2013).

Figure 4.18 Maxillary sinus lift avoided.

(a)

(b)

Figure 4.19 Relative size of some implant drivers (a, b).
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Prevention
Incidents of aspiration or ingestion can be reduced by fol-
lowing some simple precautionary techniques. A rubber 
dam should always be used whenever practical. A ligated 
throat pack (pharyngeal drape) of gauze can be used to 
protect the airway (Wandera and Conry, 1993). Dental 
floss should be tied to any prosthetic component that has 
the possibility of being dropped (Figure 4.20).

Management
If a patient feels any item falling into the back of the 
mouth, coughing should be encouraged to try to eject 
the item (Cossellu et al., 2013). The patient must be seen 
at a hospital emergency room immediately to determine 
if the item has been aspirated or swallowed. Consultation 
with the appropriate specialist(s) should be done to 
determine the most appropriate course of treatment 
(endoscopy, bronchoscopy, surgery, etc.). While waiting 
for emergency help to arrive, it is imperative to maintain 
the patient’s airway. The Heimlich maneuver or crico-
thyroidotomy may be necessary if appropriate and indi-
cated (Obinata et al., 2011; Cosellu et al., 2013).

Conclusion

To reduce the incidence of all prosthodontic complica-
tions requires the following:

•  Proper diagnosis and careful treatment planning
•  Cooperation and communication with other special-

ists, if necessary

•  Accurate, detailed, and distortion‐free impressions
•  Proper design and fit of all aspects of the prosthesis
•  Talented laboratory technicians with whom there is 

good communication
•  Careful attention to occlusion
•  Carefully following manufacturer’s instructions when 

indicated
•  Educating the patient to understand the importance 

of hygiene maintenance
•  Meticulous postoperative care and recall
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A surgical complication is any event occurring during or 
after an operation that if unsuspected, undiagnosed, or 
ignored may have adverse effects on the patient (Meyer, 
1987). A complication can be an unfortunate part of 
any surgical procedure in which risks are inherent com-
ponents. Basic oral surgical procedures are commonly 
performed by clinicians who are not oral and maxillofa-
cial surgeons. Every dental practitioner has an ethical 
and professional obligation to perform only those proce-
dures, surgical or otherwise, in which he/she is ade-
quately trained, not only in the operative techniques 
but also in the postoperative management of the 
patient. This obligation dictates the need for basic 
clinical and didactic training in the recognition and 
management of complications. The goal of this chapter 
is to present complications that may be encountered 
during basic oral surgery procedures and suggestions for 
their appropriate management. An in‐depth presenta-
tion of complications related to major oral maxillofacial 
surgery (OMFS) procedures is beyond the scope of this 
textbook, and readers are referred to comprehensive 
surgical publications on this topic (see Kaban, Pogrel, 
and Perrott, 1997; Bagheri, Bell, and Khan, 2011; 
Miloro, 2015).

Complications related to any type of surgical opera-
tion can be arbitrarily divided into four categories:

1 Minor complications confined to the anatomic area of 
the surgical field (dry socket, localized infections, 
localized bleeding)

2 Major complications confined to the oral and maxil-
lofacial regions (mandible fracture, nerve injury, 
 osteomyelitis, infections of the fascial spaces, 
osteonecrosis)

3 Minor systemic complications, which require more 
specific localized or systemic treatments (allergic reac-
tion, syncope, other minor, non‐life‐threatening 
cardiopulmonary events)

4 Major, potentially life‐threatening systemic complica-
tions, which require other expert surgical or medical 
interventions (seizures, major cardiac or pulmonary 
events, sepsis, shock)
The focus of this chapter is on the first category: minor 

complications confined to the anatomic area of the sur-
gical field.

All surgical procedures will trigger some type of soft 
tissue inflammatory response or other localized 
reactions (such as pain, edema, ecchymosis). The degree 
of invasiveness of the procedure can impact on the 
severity of the inflammatory manifestation. These 
 manifestations are not necessarily complications but 
expected consequences of the surgical trauma. The 
inflammatory responses can be minimized with a gentle 
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surgical technique and postoperative measures that 
reduce inflammation (steroids, non‐steroidal anti‐
inflammatory drugs/NSAIDs, cold compresses, eleva-
tion of the patient’s head, limitation of strenuous 
physical activity). Excessive swelling and/or bruising 
that is out of proportion to the procedure should be 
investigated for a possible secondary etiology that may 
need active intervention (infection, uncontrollable 
bleeding from a ruptured artery or vein). Other diag-
noses, such as dry socket (pain secondary to alveolar 
osteitis), may require only supportive care (Noroozi and 
Philbert, 2009; Bowe, Rogers, and Stassen, 2010; 
Cardoso et al., 2010; Daly et al., 2012; Laraki, Chbicheb, 
and El Wady, 2012). Less common but more significant 
complications, such as mandibular fractures, nerve 
injuries, and fascial abscesses, should warrant immediate 
consultation with an experienced oral and maxillofacial 
surgeon (Meyer, 1987; Bagheri, Bell, and Khan, 2012; 
Ethunandan, Shanahan, and Patel, 2012; Marciani, 
2012; Bagheri and Meyer, 2014).

Minor complications can be divided into intraopera-
tive and postoperative complications.

Intraoperative complications

Intraoperative bleeding
Intraoperative bleeding obscures the surgical field, puts 
extra stress on the dentist, and, if the surgery is 
continued, may cause other complications, such as 
errors in surgical technique due to haste or poor visi-
bility (McCormick, Moore, and Meechan, 2014a; 
McCormick et al., 2014b; Mingarro‐de‐León, Chaveli‐
López, and Gavaldá‐Esteve, 2014).

Prevention
The following steps might decrease the incidence of 
intraoperative bleeding:
1 Adequate preoperative evaluation to determine if the 

patient has any type of bleeding disorder. Knowledge 
of the patient’s medical conditions will alert the den-
tist, who can be prepared to handle any event that 
may arise.

2 The use of a local anesthetic agent with proper vaso-
constrictor (e.g., epinephrine 1:100 000 or 1:200 000) 
and waiting several minutes for the full effect of the 
vasoconstrictor on surrounding tissues can consider-
ably diminish soft tissue bleeding.

3 Precise radiographic evaluation to detect any possible 
proximity of the surgical site to the inferior alveolar 
canal (IAC) will inform the clinician and help reduce 
the risk of injury to the inferior alveolar artery and 
vein (Duda, 2002; Durmus et al., 2004; Bouloux, 
Steed, and Perciaccante, 2007; Huang, Wu, and 
Worthington, 2007; Brauer, 2008; Huang, Chen, and 
Chuang, 2011).

Treatment
To control intraoperative bleeding, one should attempt 
to find the origin of bleeding. A wet gauze is placed with 
gentle pressure over the surgical site for a short time. 
Then, using a small suction tip and adequate light (pref-
erably a headlight), the surgical site is explored. After 
finding the origin of the bleeding, the following steps 
may be taken to control the bleeding:
1 Soft tissue bleeding may be controlled by placing 

gauze over the wound and maintaining firm pressure 
for 5 min. If slow oozing of blood continues, the injec-
tion of a small amount (1–2 ml) of local anesthetic 
solution containing a vasoconstrictor into the bleeding 
area may aid in obtaining hemostasis. As a definitive 
measure, clamping of a bleeding vessel and applica-
tion of electrocautery may be required in an occa-
sional patient. In most instances, barring other 
considerations (e.g., the overall status of the patient), 
the surgery may be continued once the bleeding has 
been controlled.

2 Some lesions (such as periapical granulomas, pyo-
genic granulomas, and giant cell granulomas) are usu-
ally highly vascular, and their excision is often 
accompanied by brisk (albeit a small total amount of) 
bleeding. The best action is to completely remove the 
lesion without delay; once the lesion is excised, the 
bleeding should stop spontaneously. However, in 
more problematic lesions (such as hemangiomas and 
arterial–venous malformations, recognized on preop-
erative imaging studies and often creating a palpable 
thrill or bruit on auscultation) massive, life‐ threatening 
bleeding may occur. For patients with these condi-
tions, any proposed surgery should be postponed, and 
consultation should be requested with an experienced 
surgeon.

3 During excision of pathologic lesions (e.g., apical 
granuloma, cyst) or removal of mandibular molar 
teeth whose roots are in proximity to the IAC, the 
inferior alveolar artery and veins may be damaged, 
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which can cause brisk bleeding from the depth of the 
extraction socket or bone cavity. These bleeding epi-
sodes are easily controlled by placing a wet gauze or 
surgical hemostatic agents (gelfoam, Surgicel) into 
the extraction socket and exerting firm pressure for 
several minutes. Note: using heated applicators or 
electrocautery may damage the inferior alveolar 
nerve (IAN) and must be avoided.

Tooth displacement
Accidental displacement of a tooth is a relatively rare 
complication. Improper angle of application or exertion 
of excessive force on tooth elevators might displace the 
tooth or fragments thereof into adjacent soft tissues. 
Additional desperate or vain attempts to retrieve the 
displaced fragment in a poorly lit or poorly visualized 
surgical field often only result in further damage to sur-
rounding tissues and/or even further displacement of 
the tooth. Maxillary and mandibular third molars are 
the teeth that are most commonly displaced, into the 
pterygopalatine (also, pterygomaxillary) fossa or maxil-
lary sinus and sublingual space, respectively. However, 
other teeth and root fragments can be displaced into 
their adjacent tissues as well (Duda, 2002; Durmus et al., 
2004; Bouloux, Steed, and Perciaccante, 2007; Huang, 
Wu, and Worthington, 2007; Brauer, 2008; Huang, 
Chen, and Chuang, 2011).

Treatment
Several modalities can be used to retrieve a displaced 
tooth or tooth fragment. It is generally believed that a 
displaced tooth should be removed as soon as possible. 
That is true only if the operator is, by training and expe-
rience, technically capable of accessing the pterygopala-
tine fossa, the maxillary sinus, or the sublingual space; is 
familiar with the pertinent anatomy of these important 
areas; and has adequate lighting, instrumentation, and 
assistance to complete the procedure without undue risk 
to the patient. However, “discretion is often the better 
part of valor,” and the prudent practitioner may elect to 
abort the procedure, obtain further imaging studies to 
document the exact location of the displaced object, and 
refer the patient to an oral and maxillofacial surgeon 
who will retrieve the object under more favorable condi-
tions. A delay or postponement of the definitive surgery 
will allow fibrous tissue to form, surrounding the dis-
placed tooth and preventing its further displacement by 
the manipulations of surgical intervention. In any case, 

for this procedure the technology of three‐dimensional 
(3‐D) imaging, such as cone beam computed tomog-
raphy (CBCT), should be part of a well‐equipped 
operating room (Duda, 2002; Durmus et al., 2004; 
Bouloux, Steed, and Perciaccante, 2007; Huang, Wu, 
and Worthington, 2007; Brauer, 2008; Huang, Chen, 
and Chuang, 2011).

The following are among the most common displace-
ment sites, and each needs its own special considerations.

Tooth displaced into the maxillary sinuses. The root 
apices of most maxillary molars have a very close relation-
ship to the floor of the maxillary sinuses. Sometimes with 
well‐pneumatized sinuses or intrusive molar roots, only a 
delicate layer of bone or only a sinus epithelial membrane 
separates the roots from the sinus. Any careless pressure 
by a surgical instrument may destroy the bony barrier and 
dislodge the root fragment (Figure  5.1a, b) or, in rare 
occasions, the entire tooth into the maxillary sinuses. In 
such situations, treatment must be focused on removing 
the displaced tooth and managing the newly formed oro-
antral fistula (OAF) (Bouloux, Steed, and Perciaccante, 
2007; Huang, Wu, and Worthington, 2007). Prompt 
referral to an oral and maxillofacial surgeon is always 
indicated.

Prevention
Gentle and meticulous surgical technique is the main-
stay in avoiding displacement of tooth segments into the 
sinus and injury to the sinus itself. Radiographic 
assessment may help the surgeon detect susceptible 
cases. Conical roots, thin osseous separation between 
sinus floor and root apices, and the presence of patho-
logic lesions (e.g., apical cyst or granuloma) when 
detected on preoperative imaging should alert the prac-
titioner to the added risks. Injudicious application of 
elevators and excessive force applied by extractions for-
ceps are the forerunners of a complication in such 
patients.

Treatment
When a maxillary molar tooth fragment disappears in 
the surgical field, and tooth displacement is suspected, 
the following steps may help to retrieve the tooth 
fragment (Bouloux, Steed, and Perciaccante, 2007; 
Huang, Wu, and Worthington, 2007):
1 The patient is carefully examined under proper visu-

alization (adequate light, strong high‐power sur-
gical suction, perhaps 2× power surgical loupes). 
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Displaced root fragments may be observed and 
retrieved by a delicate suction cannula or a mosquito 
forceps. Irrigation and careful suctioning of the 
extraction socket may help to remove the displaced 
fragment or bring it back into the field of vision. If 
these maneuvers don’t work, further manipulation 
or widening of the bony communication is not rec-
ommended, but standard sinus approaches might be 
considered.

2 The open sinus lift approach may provide the best 
access to the sinus. In some cases, the displaced tooth 
fragment lies beneath the Schneiderian (sinus) mem-
brane in the sinus floor, and this relatively conserva-
tive approach may allow good visualization of the 
foreign body while the sinus membrane remains 
intact. In cases where the membrane is disrupted, 
conventional entry into the sinus is made (the 
Caldwell–Luc approach through a bony window in 
the canine fossa on the facial aspect of the maxilla 
superior to the apical region of the maxillary premo-
lars, created with high‐speed drill and rongeurs), and 
the foreign body is visualized, grasped, and removed. 
Alternatively, the patient may be placed in the supine 
position and then the sinus space is rinsed with 
normal saline and suctioned with a delicate cannula. 
The tooth fragment may float in the irrigating solu-
tion and can be grasped by a suction tip.

3 When a tooth or a fragment enters the maxillary 
sinus, an OAF (communication between mouth and 
sinus) is created through the tooth socket. Thus, after 

removal of the foreign body, the OAF is located and 
documented and a treatment plan is made to manage 
it. This usually requires a soft tissue flap closure of the 
fistula (such as a buccal advancement flap or a pedi-
cled buccal fat pad advancement flap) and creation of 
temporary drainage from the maxillary sinus, if 
necessary.

Tooth displacement into the pterygopalatine fossa
Inadvertent posterior/superior movement of a maxillary 
third molar tooth may cause it to be entrapped in the 
soft tissue between the maxillary process and the 
pterygoid process (Figure 5.2a–c). The tooth usually dis-
appears from the surgical field when it slips from the 
extraction forceps, travels superoposterolaterally, and 
enters the soft tissue adjacent to the lateral or posterior 
aspect of the maxilla. Distal angulation, depth of impac-
tion, and improper use of elevators may predispose the 
tooth and the operator to this situation (Bouloux, Steed, 
and Perciaccante, 2007; Huang, Wu, and Worthington, 
2007).

Treatment
The first effort by an experienced surgeon may yield the 
displaced tooth, but if this effort fails, further manipula-
tions may worsen the condition by forcing the tooth 
deeper into soft tissue. It is often advisable to postpone 
further surgery for 3 weeks to let the soft tissues around 
the tooth to heal and become fibrous. Before the second 
surgery, the exact position of the displaced tooth is 

(a) (b)

Figure 5.1 (a, b) Careless manipulation of maxillary posterior roots or tooth segments may dislodge the root to maxillary sinus.
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determined by 3‐D imaging, such as CBCT. A 25‐gauge 
long needle may be used to mark the tooth location on 
an imaging study prior flap reflection. The flap is then 
reflected and the fibrous tooth is easily grasped and 
extracted (Bouloux et al., 2007; Huang, Wu, and 
Worthington, 2007).

Tooth displacement into the submandibular/
sublingual spaces
The lingual cortex in the posterior mandible is relatively 
thin and may be easily fractured during surgical extrac-
tion of the mandibular third molars (Figure 5.3). As a 
result, root fragments (or, occasionally, the entire tooth) 
may be dislodged through the fractured lingual cortex 
and be entrapped in the soft tissue (of the sublingual 
space, which lies superior to the mylohyoid muscle in 
the floor of the mouth) (Figure  5.4b) (Durmus et al., 
2004; Bouloux, Steed, and Perciaccante, 2007; Huang, 
Wu, and Worthington, 2007). This may also render the 
lingual nerve at risk of injury since it usually courses 
within 1–2 mm of the lingual cortex.

Treatment
1 A finger‐sweeping maneuver beneath the ipsilateral 

side of the tongue may help to redirect the tooth 
superiorly to its socket. Then, under proper visualiza-
tion, the socket is carefully checked to find the root 
and grasp it.

2 If the first effort (aforementioned, #1) fails, further 
surgical intervention is avoided for 2–3 weeks to let 
the fibrous tissue surround the tooth.

3 After this interval, 3‐D imaging should be obtained to 
locate the tooth fragment, and a 25‐gauge needle 
might be used as a probe to find the tooth in soft 
tissue or as a marker on a CBCT image. The needle is 
inserted into the soft tissue until it touches the tooth, 
and then a gentle soft tissue dissection is done to 
reach the fibroid tooth fragment and remove it 
(Durmus et al., 2004; Bouloux, Steed, and 
Perciaccante, 2007; Huang, Wu, and Worthington, 
2007; Brauer, 2008). Alternatively, the use of intra-
operative 3‐D CT‐guided imaging can be used to 
locate and retrieve the segment.

(a) (b)

Figure 5.2 (a, b) Improper technique has forced maxillary third molar to pterygomaxillary space.
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Alveolar bone and jaw fracture
Alveolar bone fracture is a relatively common complica-
tion of exodontia that ranges from a simple crack in the 
alveolar bone to a maxillary tuberosity fracture. Less 

common but more severe injuries include complete 
fractures of the mandibular symphysis, body, or angle 
(Peleg, et al., 2009; Bodner, Brennan, and McLeod, 2011; 
Cankaya et al., 2011; Chrcanovic and Freire‐Maia, 2011; 

(a)

(c) (d) (e)

(b)

Figure 5.4 (a) A 30‐year‐old woman who was candidate for surgical removal of lower third molar, (b) unsuccessful surgery with 
high‐speed handpiece, and (c) development of severe emphysema in the face, (d) neck, and (e) upper chest.

M

(a) (b)

Figure 5.3 (a, b) Lingual cortex in mandibular third molar area is often very thin. There is a risk of displacement of the lower third 
molar into the adjacent sublingual or submandibular space.
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Saksena et al., 2014). Improper use of surgical instruments 
and uncontrolled forces are the main causes of bone 
injury. Additional risk is added if the patient’s mandible is 
atrophic or osteoporotic. Depth of impaction, length of 
roots and their divergence, width of the PDL, age of the 
patient, and the skill of the surgeon may directly affect the 
incidence of bone fracture (Peleg et al., 2009; Bodner, 
Brennan, and McLeod, 2011; Cankaya et al., 2011; 
Chrcanovic and Freire‐Maia, 2011; Saksena et al., 2014).

Prevention
Proper case selection may be the first step in avoiding 
bone fracture.

It is generally recommended to leave deeply impacted 
teeth, which are not involved in a pathologic process 
(infection, cyst, tumor, root resorption of adjacent teeth) 
in situ. In special circumstances, where there is a need for 
its removal, an experienced surgeon, with the correct sur-
gical plan, might elect to remove a deeply embedded 
tooth in a hazardous (proximity to IAC, inferior border 
of  the mandible or adjacent tooth roots, associated 
pathology) position. Tooth sectioning may help the sur-
geon to remove long and divergent roots. A sharp perios-
teal elevator may easily pass through a narrow PDL and 
save the buccal plate (Peleg et al., 2009; Bodner, Brennan, 
and McLeod, 2011; Cankaya et al., 2011; Chrcanovic and 
Freire‐Maia, 2011; Saksena et al., 2014). In patients where 
there is a close relationship between the roots of a man-
dibular third molar tooth and the IAC and there is 
pathology associated with the tooth crown only, the sur-
geon may elect to do a “partial odontectomy” in which 
the tooth crown is removed and its roots (which lie in 
close proximity to the IAC) are left in situ, thus avoiding 
IAN injury (Freedman, 1997; Pogrel, Lee, and Muf, 2004).

Treatment
1 A separated bone fragment with no attachment to the 

periosteum has lost its blood supply and should be 
removed lest it become a foreign body and a nidus for 
infection. The bone that maintains its periosteal 
attachment is viable and may be carefully freed from 
the tooth by a periosteal elevator or other appropriate 
instruments and left in place with the hope that it will 
heal and assist in maintaining local alveolar bone.

2 The same principles may be applied to bigger seg-
ments, such as a maxillary tuberosity. A loose tuber-
osity without periosteal attachment is essentially a 
free bone graft and has a reduced chance of survival 

and significant risk of infection. Therefore, it is usu-
ally removed before soft tissue closure is performed. 
In cases where a fractured tuberosity has periosteal 
and soft tissue connections, extraction is withheld 
and an effort is made to immobilize the fractured 
bone. Transdental wiring may fixate the fracture. 
After 4–6 weeks when the tuberosity is seen to have 
stabilized from osseous regeneration, careful surgical 
extraction of the tooth can be performed (Peleg et al., 
2009; Saksena et al., 2014).

Mandibular angle or body fracture
Fracture of the mandible during exodontia is a major 
complication. A cracking or grinding sound, sharp pain 
with jaw movement or attempts at chewing food, 
mobility of the bone in the surgical site, and inability of 
the patient to bring the teeth together into normal occlu-
sion are the main findings of a jaw fracture. This compli-
cation may happen intraoperatively if the mandible is 
atrophic, a large area of bone must be removed to expose 
the tooth in an otherwise diminutive mandible, or when 
the dentist applies instruments with unfavorable 
mechanical force on a deeply embedded tooth or, later, 
postoperatively because the mandible is weakened by 
excessive or unavoidable bone removal during the sur-
gery and is now unable to withstand normal forces of 
mastication or minor physical contact (Bodner, Brennan, 
and McLeod 2011; Cankaya et al., 2011; Chrcanovic and 
Freire‐Maia, 2011; Saksena et al., 2014).

Prevention
To minimize the likelihood of iatrogenic mandibular frac-
ture, the following actions are generally recommended:
1 Precise evaluation (including appropriate preopera-

tive imaging studies) of each case. Surgery may not be 
recommended for asymptomatic, deeply impacted 
third molar teeth.

2 When removal of a difficult tooth is indicated, proper 
surgical planning and instrumentation (such as tooth 
sectioning or bone removal with piezosurgery or 
lasers) have been reported to considerably reduce 
complications (Jing, Yang, Zheng et al., 2014; Romero 
et al., 2015).

Treatment
If an intraoperative or postoperative mandibular frac-
ture is suspected, the best course of action is to refer the 
patient immediately to an oral and maxillofacial 
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surgeon. Further manipulation of a surgical site and any 
effort to complete the surgery may turn a greenstick 
fracture into a complex (displaced, compound, commi-
nuted) fracture. The decision on whether to preserve 
the tooth in a fracture line or to extract the tooth should 
be made only after a complete assessment of the 
condition by the person who will be treating the frac-
ture. Treatment varies (depending on the severity of the 
injury) from close observation and a liquid diet, to 
closed reduction with intermaxillary fixation, to open 
reduction and rigid internal fixation of the fracture 
(Bodner, Brennan, and McLeod, 2011; Cankaya et al., 
2011; Chrcanovic and Freire‐Maia, 2011).

Extraction of the wrong tooth
This seemingly inexplicable complication is frequently 
reported in the literature as the main cause of legal actions 
against dentists (Lee, Curley, and Smith, 2007; Weiss, 
Stern, and Dym, 2011; Dym and Weiss, 2012). Several 
factors may increase the risk of this serious complication.

The following are predisposing factors (Lee, Curley, 
and Smith, 2007; Weiss, Stern, and Dym, 2011; Dym 
and Weiss, 2012):
1 “Add‐on” emergency patients requiring dental 

extractions in an otherwise already overloaded, hectic 
clinic schedule

2 Miscommunication between clinicians (the dentist 
who sets the treatment plan and the clinician who 
performs the extraction)

3 Unclear identification of a tooth (discrepancy bet-
ween the named tooth and its number)

4 Previously extracted teeth and/or a missing tooth 
with space closure that causes confusion in the correct 
designation of the remaining teeth (Lee, Curley, and 
Smith, 2007; Weiss, Stern, and Dym, 2011; Dym and 
Weiss, 2012)

Treatment
1 The extracted tooth can be managed as an “iatrogenic 

avulsed tooth.” The operator is obliged to tell the 
patient about the complication and immediately 
replant and stabilize the tooth in its socket (or refer 
the patient to an oral and maxillofacial surgeon) as 
soon as possible. Further frequent follow‐up is 
necessary until the ultimate status of the tooth can be 
determined. If the tooth fails to reattach and is lost, 
arrangements are made for permanent replacement 
(e.g., dental implant or fixed bridge).

2 In orthodontic patients, the orthodontist must also be 
informed about the event. Sometimes, with modifica-
tions in a treatment plan, orthodontic treatment can 
move adjacent teeth into position to close the space 
and achieve an occlusion as good as if the lost tooth 
had not been removed. Again, the responsible dentist 
continues follow‐up and contact with the patient 
until the situation is resolved to the patient’s and the 
orthodontist’s satisfaction.

3 For partially edentulous patients that are due to 
receive dental implants, an immediate reevaluation 
should be made. Sometimes modification of the 
treatment plan may alleviate the need for replanta-
tion of the extracted tooth. The new treatment plan 
may include placement of a dental implant and resto-
ration to substitute for the extracted tooth.

4 When reevaluation shows the tooth can be preserved, 
the replanted tooth should be securely splinted (arch 
bar or orthodontic appliance) for 4–6 weeks until 
stable. If the tooth is in an adult and the periapical 
opening is small and unlikely to facilitate revasculari-
zation of the dental pulp, an endodontic intervention 
may be indicated, as is often done with an avulsed 
tooth. In a child whose permanent tooth may still 
have a large periodical opening (so‐called, “blunder-
buss” pulp canal), revascularization is possible and 
endodontic treatment might be avoided.

Tooth and root fracture
Fracture of a tooth during extraction is a relatively 
common event. An extensively carious tooth, a tooth 
that has had previous endodontic treatment, and a 
tooth with a large restoration are common risk factors 
for tooth fracture.

Prevention
Careful attention to the basic principles of exodontia, 
including proper patient positioning for good visualiza-
tion and access by the dentist, correct use of forceps and 
elevators, and sectioning of the tooth, where indicated, 
can considerably decrease the incidence of tooth frac-
ture during extraction.

Treatment
In the past, before the availability of modern medications 
and improved surgical training and armamentarium, it 
was sometimes advocated to avoid surgical intervention 
and leave small, uninfected root fragments in situ (“leave 
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sleeping dogs lie.”). In modern dental practice, it is rec-
ommended that all the remaining roots or other tooth 
fragments be removed in order to provide an appropriate 
milieu for possible dental implant surgery.

When a tooth is broken during an attempted simple 
(i.e., forceps) extraction, an “open” (surgical flap) 
procedure will most likely be necessary to remove the 
remaining parts. The use of tooth sectioning, careful 
manipulation of the soft tissue, and preservation of 
crestal alveolar bone are helpful in maintaining the best 
conditions for possible dental implant surgery. 
Recontouring or rebuilding alveolar bone for implant 
surgery may require the use of autogenous bone (locally 
harvested from the mandibular symphysis or ramus or 
distantly harvested from the iliac crest or the tibia), pro-
cessed bank bone, or bone substitutes.

Infection and abscess
Infections and abscesses are two well‐known and related 
complications of oral surgery. It is estimated that 7–10% 
of extractions may result in an infection. Most of these 
infections are self‐limiting and will regress or need only 
supportive care and routine oral health instructions. 
Some initially simple, localized infections may spread to 
the adjacent fascial spaces and need aggressive surgical 
intervention. Because of this, all infections and abscesses 
should be closely monitored (Yang et al., 2006; Arai et al., 
2009; Moghimi et al., 2013).

Prevention
Prophylactic antibiotic coverage when indicated in 
selected patients, use of properly sterilized instruments, 
preoperative mouth rinsing, and atraumatic surgery are 
the mainstays in preventing postoperative infections. 
Preoperative mouth rinse (e.g., chlorhexidine, sterile 
saline) has a positive effect on reducing the oral flora 
count immediately before the procedure and thus the 
rate of subsequent infection; daily mouth rinsing may 
be continued for 7–10 days until the sutures are removed. 
Whether there is an actual antibacterial effect or simply 
the mechanical effect of the rinsing is open to some 
debate. Simple infections (confined to the immediate 
surgical area) should be treated as soon as they are rec-
ognized. A localized periapical abscess is easily drained 
and brought under control, following which the tooth 
might be treated with an endodontic approach when it 
is possible to retain the tooth. A neglected or misman-
aged periapical abscess may easily extend to adjacent 

(or distant) fascial spaces and ultimately cause systemic, 
possible life‐threatening illness (see later text). Pericoro-
nitis, more likely to develop around a partially erupted 
mandibular third molar tooth, is easily managed in its 
initial presentation, but, if ignored, it can easily extend 
into the space of the body of the mandible and then into 
the masticator and other adjacent fascial spaces, which 
will produce fever, chills, trismus, and dysphagia and 
can progress to airway obstruction, systemic sepsis, 
and death (Yang et al., 2006; Arai et al., 2009; Moghimi 
et al., 2013).

Treatment
1 The first step is to eradicate the source of infection, 

which is done by extirpation of the necrotic pulp using 
an endodontic approach, extraction of the tooth, or 
removal of a foreign body (necrotic tooth fragment). 
This step may be postponed only in special situations, 
such as a systemic disorder or severe trismus.

2 Surgical incision and drainage. In cases where the 
diagnosis of any fascial space abscess or cellulitis is 
made, incision and drainage must be planned and 
performed as soon as possible (Figure 5.6b, c). This 
step may be postponed in patients with unstable 
systemic conditions until the disorder is under control 
and permission for surgery has been issued by an 
appropriate medical consultant (e.g., infectious dis-
ease specialist). For a healthy patient with a localized, 
well‐defined abscess (such as a vestibular abscess), 
incision and drainage would be adequate to resolve 
the problem and no additional intervention should be 
necessary.

3 Use of antibiotics. Antibiotics, used in conjunction 
with the two first steps, may help the patient’s 
immune system to overcome the abscess. The decision 
to use an antibiotic is completely dependent on the 
patient’s clinical condition and the experience and 
clinical judgment of the treating dentist (Yang et al., 
2006; Arai et al., 2009; Moghimi et al., 2013).

Emphysema during tooth extraction
The use of high‐speed dental hand pieces with air cool-
ant in surgical extraction may push air through the flap 
or fresh wounds, and this can result in a collection of air 
in adjacent soft tissues (subcutaneous emphysema). 
This condition may be immediately observed during the 
surgery or gradually appear after a few hours (Figure 5.4) 
(Yang et al., 2006; Arai et al., 2009).
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Prevention
Standard surgical hand pieces (not the dental drills used 
for tooth cavity preparations for restorations) do not 
produce externalized air exhaust and are best to use in 
all types of surgical manipulations of soft and hard 
tissues.

Treatment
Subcutaneous emphysema that occurs following oral 
surgery is usually self‐limiting and subsides in few days. 
On rare occasions, emphysema may progress and 
descend toward the trachea and mediastinum, which 
can result in a life‐threatening encroachment on the 
patient’s airway. Therefore, it is recommended to closely 
monitor the patient until the air is completely evacu-
ated. The following steps are usually recommended 
(Yang et al., 2006; Arai et al., 2009):
1 The patient is asked to rest/sleep in a sitting or semi‐

sitting position to avoid downward movement of 
the air.

2 Antibiotics are prescribed to prevent any possible 
infection.

3 When downward movement of emphysema or diffi-
culty in breathing is observed, an immediate medical 
consultation is necessary.

4 Prompt consultation with a physician (preferably a 
general surgeon) is highly recommended to assist in 
the evaluation and follow‐up of the patient until the 
condition has resolved.

Postoperative complications

Dry socket
Alveolar osteitis (so‐called, “dry socket”) is a painfully 
debilitating complication that can occur after tooth 
extraction. Usually, the patient presents one to several 
days after the extraction complaining of severe, aching 
lower jaw pain, often radiating to the ipsilateral ear, 
inadequately relieved by pain medications, and a bad 
taste and foul odor to the breath. Etiology, prevalence, 
and treatment of this condition are extensively dis-
cussed in the literature (Pogrel, 1997). In dry socket, a 
blood clot that has a dominant role in socket healing is 
prematurely disintegrated, partially or totally, within 
one to four days after surgery, and free nerve endings 
and bone are exposed to the oral cavity. This condition 
may be observed in both maxillary and mandibular 
teeth, though it has been shown that it is much more 

prevalent in mandibular teeth (especially mandibular 
third molar teeth) (Noroozi and Philbert, 2009; Bowe, 
Rogers, and Stassen, 2010; Cardoso et al., 2010; Daly 
et  al., 2012; Laraki, Chbicheb, and El Wady, 2012). 
Patients who seem to be most at risk of developing 
alveolar osteitis after tooth extractions are females 
who are taking estrogen‐containing birth control med-
ications and any patient who has had a localized dental 
infection (e.g., pericoronitis in the area of the tooth to 
be extracted) within the 3 months prior to the 
extraction.

Signs and symptoms
(Noroozi and Philbert, 2009; Bowe, Rogers, and Stassen, 
2010; Daly et al., 2012; Laraki, Chbicheb, and El Wady, 
2012)
1 Throbbing pain that usually starts 2 or 3 days after 

extraction and radiates to the ipsilateral ear
2 Foul odor (bad breath)
3 Foul taste

Predisposing factors
1 Difficult extraction and traumatic surgery. Many 

studies have shown a direct correlation between this 
complication and the technical skills of the surgeon.

2 Improper postoperative care. Adequate postoperative 
care will help the tissues to heal properly. Biting on 
hard foods, vigorous spitting, overly forceful mouth 
rinsing, drinking warm liquids, and wound picking by 
the tongue or toothbrush may disrupt the clot and 
lead to dry socket.

3 Smoking imposes a negative pressure on the clot caus-
ing its possible dislodgment. In addition, the increased 
temperature changes and the chemical components of 
tobacco smoke are other factors that may adversely 
affect socket healing and result in a dry socket.

4 Previous history of dry socket.
5 Site of surgery. Mandibular molar teeth, especially 

wisdom teeth, are clearly more susceptible to dry socket.
6 The use of estrogen‐containing birth control medica-

tions may cause early clot breakdown.
7 Infection in the area of the extraction within the 

three previous months.

Prevention
(Bowe, Rogers, and Stassen, 2010; Cardoso et al., 2010; 
Daly et al., 2012; Laraki, Chbicheb, and El Wady, 2012; 
Noroozi and Philbert, 2009)
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1 Females can be advised to withhold birth control med-
ications beginning several days before tooth extrac-
tions with resumption of medication 72 h afterward.

2 Patients who have had recent local tooth‐related 
infections should be advised to wait for 3 months after 
the complete resolution of the infection before pro-
ceeding with extractions. The administration of pre-
operative antibiotics does not exert a protective 
influence against the development of alveolar osteitis 
in at‐risk patients.

3 Meticulous surgical technique is critical in the pre-
vention of dry socket.

4 Adequate attention to postoperative instructions will 
help clot formation and normal healing.

5 Both preoperative and postoperative chlorhexidine 
mouth rinses have been shown to effectively reduce 
the incidence of dry socket. Some researchers 
advocate the use of chlorhexidine gel to help preclude 
dry socket in susceptible patients. Overly vigorous 
postoperative mouth rinsing is not advisable.

Treatment
Many modalities are proposed to treat dry socket. The 
primary goal after diagnosis is the provision of adequate 
pain relief while the condition heals. The first step is to 
differentiate alveolar osteitis from other postextraction 
pain. This is easily done by first reviewing the history 
and symptoms (typically, onset of severe, throbbing 
pain one to several days after the extraction, radiation 
of pain to the ipsilateral ear, foul taste, bad breath). In 
some patients, the administration of a long‐acting local 
anesthetic block provides good, rapid pain relief and 
allows the clinician to proceed to evaluate the patient. 
The socket is gently and thoroughly irrigated with tepid 
saline solution or chlorhexidine to remove all debris. 
Usually exposed alveolar bone is visible in the socket. 
Then, significant effort should be made to alleviate the 
pain and to redirect the socket healing to its normal pro-
cess. A small cotton ball or gauze strip is soaked in 
eugenol (oil of clove) and gently but firmly placed into 
the involved socket. Pain relief (if a local anesthetic 
block has not been administered) usually occurs within 
one to several minutes. This effect is often dramatic, and 
the patient frequently remarks about its effectiveness. 
Antibiotics are not necessary, as this is not a true 
infectious process but merely surface exposure of bone 
to oral flora and debris. Curettage of the socket or oste-
oplasty is not indicated, as the simple supportive care of 

socket irrigation and analgesic dressing usual solves the 
problem. The condition resolves when the exposed 
alveolar bone becomes covered with fresh granulation 
tissue. This takes about 7–14 days to occur; during that 
time, the patient could be seen every 2 or 3 days for 
removal and replacement of the socket dressing.

Trismus
Trismus is spasm of the muscles of mastication (mas-
seter, temporalis, lateral and medial pterygoids) result-
ing in difficulty or restriction of the range of mouth 
opening. The normal maximal incisal opening (MIO) of 
an adult is 35–55 mm. Whenever the dentist is evalu-
ating a patient for any type of procedure, a baseline 
measurement of MIO is an important piece of data that 
should be recorded in the patient’s record; it can be used 
to assess postoperative recovery of mandibular range of 
motion. A MIO of less than 35 mm is almost always due 
to some type of restriction, most commonly due to an 
effect on the masticatory muscles. When it occurs after 
a surgical procedure in the mouth, it is generally caused 
by an irritation of the masticatory muscles during the 
surgical procedure. There are three general procedures, 
which are known to damage these muscles (Ogle and 
Mahjoubi, 2012; Coulthard et al., 2014).
1 Local anesthesia. During a mandibular nerve block 

placed into the pterygomandibular space, the needle 
may pass inadvertently through the medial pterygoid 
muscle. Sometimes, in an effort to find the best place 
of injection, several directional changes are made, 
which intensifies this damage. The other possible 
damaging factor is the needle tip. In both the IAN 
block and the Gow‐Gates technique (routine mandib-
ular anesthetic techniques), the needle bumps the 
medial surface of the mandibular ramus. Sometimes, 
this unintentional contact creates a small barb on 
needle tip. This barb can damage the soft tissue within 
its pathway when the needle is then redirected one or 
more times before injection and withdrawal, bringing 
it into contact with the medial pterygoid muscle. The 
needle should be checked after each injection in a 
given patient; if a barb has been created, the needle is 
discarded and replaced before giving subsequent 
injections to the same patient (Ogle and Mahjoubi, 
2012).

2 Flap reflection. Anterior fibers of the temporal mus-
cles are attached to the coronoid process and extend 
inferiorly to the distal aspect of mandibular third 
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molars. Distal extension of a buccal periosteal flap 
and wide dissection for exposure of a mandibular 
third molar may directly damage these fibers, which 
often results in mild to severe trismus (Ogle and 
Mahjoubi, 2012).

3 Extension of infection to the masticator fascial space. 
Bacterial infection of the masticatory space directly 
affects the masticatory muscles and may lead to severe 
trismus. This progressive condition may limit the sur-
gical access to the mouth; thus, it is considered an 
urgent situation that should be managed by an oral 
and maxillofacial surgeon (Coulthard et al., 2014).

Prevention
It is easy to avoid this debilitating complication if the 
etiology of trismus is understood.
1 The needle may be changed after each block injection. 

Alternatively, the needle can be passed through a 
piece of gauze, and if the gauze is torn, it should be 
changed for the next injection (Figure 5.5). Standard 
mandibular techniques do not require many direc-

tional changes and are performed with minimum soft 
tissue trauma (Coulthard et al., 2014).

2 Flap design. The surgical flap technique for the removal 
of mandibular third molars may be extended anteri-
orly. Alternatively, a releasing incision may be per-
formed in deep incisions, and posterior extension 
must be limited to only few millimeters posterior to 
the third molars. With this approach, temporalis 
muscle fibers are less likely to be at risk of injury 
(Coulthard et al., 2014).

3 Infection of masticatory spaces. Infection from localized 
abscesses can spread along the path of least resistance 
to anatomically adjacent fascial spaces (space of body 
of the mandible, masticator space). It is recom-
mended to treat all abscesses early before possible 
potential extension to other anatomic locations 
(Coulthard et al., 2014).

Treatment
As the first step, it is necessary to differentiate trismus 
from other common causes of diminished mouth 
opening. After establishing the diagnosis, anti‐
inflammatory drugs are prescribed for traumatic 
injuries (such as local anesthesia or flap design). A soft 
diet is recommended, and the patient should be reas-
sured that the situation will resolve in a few days. In 
infection cases, vigorous surgical intervention is 
necessary. Incision and drainage are performed, and 
the causative factor is eliminated as soon as possible. In 
some patients, severe, persistent trismus may require 
aggressive treatment, and referral to a physical thera-
pist will be necessary in order to reestablish the preop-
erative level of mouth opening and other mandibular 
movements that the thorough clinician will have 
determined and recorded preoperatively (Ogle and 
Mahjoubi, 2012; Coulthard et al., 2014).

Use of antibiotics to reduce complications  
of oral surgery
The role of antibiotics in the prevention of postoper-
ative sequelae in oral surgery is extensively dis-
cussed in the literature (Jeske and Suchko, 2003; 
Schwartz and Larson, 2007; Susarla, Sharaf, and 
Dodson, 2011; Lodi et al., 2012; Oomens and 
Forouzanfar, 2012). Lodi et al. performed a compre-
hensive meta‐analysis on available clinical trials. 
The results of these studies show that the use of 

Figure 5.5 Needle may be passed through a surgical gauze to 
check possible barb formation in the second use of a needle for 
a patient.
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prophylactic antibiotics may slightly decrease the 
incidence of infection. Postoperative pain was also 
influenced where lowered incidence was observed in 
the cases receiving antibiotics. The evidence that 
antibiotics may reduce the risk of dry socket is ques-
tionable, at best. Prophylactic antibiotic coverage 
does not affect the degree of trismus and postopera-
tive pain (Jeske and Suchko, 2003).

The decision to prescribe prophylactic antibiotics is 
best made by the surgeon on a case‐by‐case basis, tem-
pered by accepted guidelines and clinical judgment. 
However, based on the current evidence, it is not rec-
ommended to use prophylactic antibiotics for an other-
wise healthy patient who is without infection and is 
undergoing a simple (localized to the dento‐alveolar 
region with minimal soft tissue dissection and without 
extensive bone exposure or removal) surgical procedure 
(Schwartz and Larson, 2007; Susarla, Sharaf, and 
Dodson, 2011; Lodi et al., 2012; Oomens and 
Forouzanfar, 2012).

In patients with immune deficiency or systemic dis-
ease, as well as in difficult surgical cases, the risk of 
aforementioned complications is higher, and despite 
insufficient evidence, the use of prophylactic antibiotics 
is logically recommended (Schwartz and Larson, 2007; 
Susarla, Sharaf, and Dodson, 2011; Lodi et al., 2012; 
Oomens and Forouzanfar, 2012).

Management of oral surgery complications 
in patients receiving hemostasis‐altering drugs
Antiplatelet and antithrombotic drugs are commonly 
used to prevent myocardial infarction, stroke, 
pulmonary blood clots, and other thromboembolic 
dysfunctions. These medications are used to avoid 
platelet aggregation and clot formation. However, in 
tooth extractions and minor oral surgeries, it is pru-
dent to be able to stop the bleeding (Wahl and 
Howell, 1996; Wahl, 2000; Jeske and Suchko, 2003; 
Pototski and Amenábar, 2007). The question is: 
What level of anticoagulation is acceptable in a 
patient about to undergo a tooth extraction? Current 
evidence for the commonly used drugs shows the 
following:
1 Aspirin. In minor oral surgery, the routine use of 

aspirin (>100 mg/day) may be continued, though 
local measures in bleeding control and postoperative 
instructions must be precisely considered.

2 Dual antiplatelet therapy. This includes patients who 
are on a combination of aspirin and other antiplatelet 
medications. Routine minor oral surgery and simple 
extractions are safely performed without any modifi-
cations in their daily drug use, though local hemo-
static measures should be adequately provided (Wahl 
and Howell, 1996; Wahl, 2000; Jeske and Suchko, 
2003; Pototski and Amenábar, 2007).

3 Anticoagulant drugs. A critical decision should be made 
whether to continue the medication and risk possible 
uncontrollable bleeding. Wahl conducted a systematic 
review in which he showed that the risk of a throm-
boembolic event is three times higher if the drug is 
interrupted when compared to bleeding (when the 
drug is continued). Therefore, this study (and several 
other similar studies) has recommended to not inter-
rupt the anticoagulant in simple extractions, soft 
tissue biopsies, and minor oral surgeries. International 
normalized ratio (INR) will show the relative risk of 
hemorrhage after oral surgery. An INR of 2.5 is ideal 
for performing minor oral surgery, meaning that the 
risk of both bleeding and thromboembolic events is 
minimal. Nevertheless, minor surgeries might be 
safely done up to an INR of four. Some patients take 
both antiplatelet and anticoagulant medications. The 
same INR protocol may be applied safely. It is imper-
ative that preoperative consultation with the physi-
cian managing the patient’s medical condition be 
done and any decisions regarding medication/dose 
changes and/or interruption should be made by the 
responsible physician (Wahl and Howell, 1996; Wahl, 
2000; Jeske and Suchko, 2003; Pototski and 
Amenábar, 2007).

Oroantral fistula
OAF is an iatrogenic opening between the maxillary 
sinus and the oral cavity. Extraction of a maxillary 
molar tooth is the most common cause, though eradi-
cation of benign and malignant lesions, implant sur-
gery, and many other procedures in the posterior 
maxilla can result in this relatively common complica-
tion. An oroantral communication, pathway, or tract 
that is not obliterated by a stable blood clot and per-
sists beyond 24 h is called an OAF. This communica-
tion, if it persists, is gradually covered by a layer of 
epithelium (Visscher, Van Minnen, and Bos, 2010; 
Dym and Wolf, 2012).
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Predisposing factors
(Visscher, Van Minnen, and Bos, 2010; Dym and Wolf, 
2012)
1 Long divergent maxillary molar roots
2 Large pneumatized sinus with a thin layer of bone 

between the sinus and roots
3 Thin, narrow periodontal ligament (PDL) and partial 

or total loss of PDL

Diagnosis
Inadvertent misdirection of a surgical instrument 
(such an elevator into the maxillary sinus), a large 
piece of bone attached to the tip of maxillary roots, 
and blood or air bubbling from the extraction socket 
indicate an OAF has occurred. When any doubt exists 
in the diagnosis, it may be assumed that a small OAF 
exists and further attempts at diagnosis, such as blow-
ing the nose while the nostrils are kept closed by fin-
gers or clinical examinations, may turn a simple or 
incomplete OAF to a complete or wider communica-
tion (Visscher, Van Minnen, and Bos, 2010; Dym and 
Wolf, 2012).

Treatment
1 Small defects, up to 3 mm. Small communications 

sometimes gradually close by themselves. The patients 
should be questioned about pressure differential or 
fluid movement between the oral cavity and maxil-
lary sinus. The patient can be asked to swallow a 
small amount of water, while the practitioner 
observes for evidence of flow of fluid out of the ipsi-
lateral nasal passage.

2 Medium defects, 3–5 mm. Many approaches are 
available to close a medium‐sized OAF, though it is 
recommended to use the most effective techniques 
with the least possible morbidity:
 ◦ Buccal flap. In this technique, the soft tissue edges of 

the OAF are refreshed, and then a trapezoid flap is 
designed and reflected. This flap is advanced  palatally 
to cover the defect (Figure 5.6a–c). When the flap does 
not freely cover the defect, a periosteal releasing inci-
sion may be done at the base of flap and closure is then 
performed. The potential drawback of this technique is 
missing keratinized gingiva. Therefore, for the critical 
levels of keratinized gingiva, this approach should be 
avoided.
 ◦ Pedicled buccal fat pad advancement flap. Buccal fat 

pads are two bulky fat tissues deeply located beneath 
the buccinator muscle on each side of the face. A ped-
icled fat flap may be prepared and advanced over the 
oroantral defect. This tissue has been predictably used 
to cover medium‐sized fistulas. After 2 weeks, normal 
epithelial tissue covers the flap and the OAF is predom-
inantly resolved (Figure 5.7a–c).
 To prepare a fat flap, a buccal flap is widely reflected, 
a full periosteal incision is made, and the buccal fat 
pad is identified. The fat pad is gently advanced 
toward the defect. It is sutured to normal palatal 
tissue and the buccal flap is placed back without any 
advancement (Rapidis et al., 2000; Visscher, Van 
Minnen, and Bos, 2010; Dym and Wolf, 2012).

3 Defects wider than 5 mm and recurrent fistulas. 
Wide fistulas are challenging for the surgeon. Many 
flap techniques, such as the palatal rotational flap, 

(a) (b) (c)

Figure 5.6 (a) Buccal flap is designed to restore a traumatic OAF, (b) trapezoid buccal flap is advanced to cover the defect,  
and (c) flap edges are passively sutured.
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palatal island flap, tongue flap, and a combination of 
all the aforementioned techniques, are frequently 
used. These complex reconstructions need to be per-
formed by an experienced oral and maxillofacial 
surgeon (Rapidis et al., 2000; Dym and Wolf, 2012; 
Visscher, Van Minnen, and Bos, 2010; Wahl and 
Howell, 1996).

4 When a patient has sustained a suspected opening into 
the maxillary sinus due to a dental procedure, it is 
mandatory that the dentist arrange a timely referral of 
the patient to an oral and maxillofacial surgeon for 
further evaluation, prompt treatment, and follow‐up. 
When a previously sterile or clean maxillary sinus is 
opened to the fluids and debris of the oral cavity, it rap-
idly becomes contaminated and irritated. The resulting 
inflammatory response causes proliferation of polypoid 
tissue within the sinus, which can block the normal 
outflow from the sinus into the nasal cavity. Such 
obstruction rapidly leads to acute maxillary sinusitis, a 
condition that should be avoided if at all possible, as its 
treatment is much more extensive than that of a simple 
opening between the oral cavity and the sinus.
In this chapter, we have outlined some of the minor 

complications of oral surgery that are confined to the 
 anatomic area of the surgical field. All clinicians 
performing oral surgical procedures should at minimum 
be trained in recognition of major complication (such as 
mandible fracture, nerve injuries, drug‐induced osteo-
necrosis, osteomyelitis, sepsis, odontogenic facial space 
infections, or systemic complications), so that prompt 
referral to a trained oral and maxillofacial surgeon can 
be made.
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Complications of local anesthesia

Dental needle breakage or separation
Although the incidence of dental needle breakage in 
clinical use has long remained low since the introduction 
of nonreusable stainless steel needles, the risk of needle 
breakage still remains a possible complication despite a 
scarcity of published reports. The most common site of 
needle breakage during dental procedures occurs during 
the performance of the inferior alveolar nerve block 
(IANB), with reports as high as 79% of reported compli-
cations. Among these, the overwhelming majority of 
broken needles involved a 30‐gauge needle and separa-
tion almost exclusively occurred at the hub of the needle 
(Malamed, Reed, and Poorsattar, 2010).

Prevention
Based on the common characteristics of reported broken 
dental needles, prevention of this occurrence should be 
focused on (i) avoiding bending the dental needle at the 
hub for soft tissue injections, (ii) minimizing needle 
insertion completely to the needle hub, (iii) minimizing 
the use of short needles for the IANB, (iv) minimizing 
the use of 30‐gauge needles for the IANB, (v) mini-
mizing patient movement during injection, and (vi) 
avoiding forceful contact with bony structures such as 
the medial aspect of the ramus.

Management
If a portion of the needle is readily visible and easily 
identified, the clinician may attempt to remove using a 
hemostat or other grasping instrument. However, in the 

majority of cases, the fragment will be submerged 
within tissue and requires immediate referral to a sur-
gical specialist. Depending on the location of the needle 
fragment, migration can occur into fascial planes and, in 
the case of IANB broken needle situations, the pterygo-
mandibular space (Gerbino et al., 2013). Three‐dimen-
sional imaging, fluoroscopic guided surgery, and stereotactic 
exploration to remove the needle fragments are all consid-
erations in the management of such a complication, and 
surgery itself can potentiate further tissue damage (Altay 
et al., 2014).

Postinjection pain and trismus
It is not uncommon for a patient to experience significant 
orofacial pain and associated limited mouth opening, 
termed “trismus,” after local anesthesia injections. 
Multiple factors contribute to this complication, yet the 
incidence can be reduced using preventative measures 
during local anesthesia administration. The more 
common etiologies include trauma during injection, 
multiple injections in close proximity, dull needles, 
needle tract infection, and development of hematomas. 
Less common factors include edema, chemical injury or 
irritation, recurrent aphthous stomatitis (RAS) lesions 
(Preeti et al., 2011) of varying presentation, and slough-
ing of tissues.

Trismus, classically defined as the prolonged, tetanic 
spasm of the jaw muscles by which the normal opening 
of the mouth is restricted, may accompany the pain 
after local anesthesia administration—particularly 
 mandibular anesthesia. The aforementioned factors, 
including a single needle penetration, can all contribute 
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to limited, and often painful, mouth opening. Common 
techniques of anesthetizing the inferior alveolar nerve 
involve needle penetration of the medial pterygoid 
muscle of mastication and can result in hemorrhage, 
swelling, infection, and inflammation of this muscle and 
surrounding tissues. Symptoms can present up to a 
week after injection and persist indefinitely depending 
on etiology.

Prevention
Prevention of postinjection pain involves the following:
1 Using a new, sterile, and sharp local anesthesia needle
2 Limiting prolonged exposure to topical anesthetics
3 Slow anesthetic deposition (recommended 1 ml/min)
4 Limiting multiple injections in close proximity
5 Avoidance of dental treatment during bouts of RAS
Prevention of trismus involves the following:
1 Using a new, sterile, and sharp local anesthesia needle
2 Limiting the amount of anesthetic solution to only 

what is recommended and necessary
3 Limiting multiple injections in close proximity
4 Using alternate techniques to avoid penetration into 

the medial pterygoid or limiting injections into the 
medial pterygoid muscle

Management
Management of postinjection pain includes the use of 
systemic anti‐inflammatories such as oral NSAIDs and 
corticosteroids. Injection pain can also be associated 
with, and must be differentiated from, dental treatment 
or surgery rendered concurrently with the anesthetic 
injections. While most pains originating from anesthetic 
injections are generally self‐limiting and persist for a 
period of 4–6 days postinjection as the result of an 
inflammatory process, active management helps to limit 
its course. Mucosal irritation and RAS should be 
managed with topical and systemic corticosteroids, anti‐
inflammatories, antiseptics, and analgesics. Oral rinses 
such as 0.2% chlorhexidine and triclosan can be consid-
ered, as well as the use of topical diclofenac with hyal-
uronic acid to decrease discomfort (Belenguer‐Guallar, 
Jimenez‐Soriano, and Claramunt‐Lozano, 2014).

Management of trismus generally follows a similar 
initial therapeutic plan. Since the complication often 
involves injury and inflammation to the medial 
pterygoid muscle, therapies involving active stretching 
of the affected muscle are indicated. Initial management 
must include preventing hypomobility by having the 

patient stretch and progressively open the mouth to 
prevent muscle splinting and eventual fibrosis (myofi-
brotic contracture). Soft bite sticks, stacked tongue 
blades, commercially available mandibular range of 
movement rehabilitation devices (TheraBite™), warm 
liquid rinses, and consideration of mandibular manipu-
lation under general anesthesia are all effective ther-
apies in injection‐induced trismus. Consideration of 
advanced imaging to rule out needle tract infection of 
the medial pterygoid or associated structures should 
be  considered if traditional therapies prove futile. 
Consequently, antibiotics will be indicated once a needle 
tract infection is identified. The progression of therapy 
should be meticulously recorded, such as documenting 
incisal opening, to monitor incremental improvement 
in opening or lack thereof. Finally, the clinician should 
always consider referral to an appropriate specialist in 
any phase of the management of this complication 
(Beddis et al., 2014).

Allergy
Allergy has been reported anecdotally by patients to 
encompass a wide variety of symptoms ranging from 
lightheadedness and heart palpitations to near death 
experiences. Reports of allergy by patients may be mis-
taken for the effects of beta‐adrenergic stimulation by 
vasoconstrictors used in many dental local anesthesia 
preparations. Yet the reports of true, immunoglobulin 
E (IgE)‐mediated allergy to local anesthesia are still excep-
tionally uncommon in dentistry given the number of 
injections delivered to patients on a daily basis (Berkun 
et al., 2003). Urticaria, hives, rash, itching, edema, 
wheezing, or other symptoms related to histamine 
release are classic signs of true allergy. Ester‐type anes-
thetics (benzocaine used in topical anesthesia, tetra-
caine, procaine) are derived from para‐aminobenzoic 
acid (PABA) and elicit more reported allergic responses 
than any of the amide‐type local anesthetics (articaine, 
bupivacaine, lidocaine, etc.) used commonly in den-
tistry. Methylparaben, a bacteriostatic agent, has been 
excluded from dental local anesthesia cartridges in all 
commercially prepared solutions. Methylparaben, how-
ever, is included in multidose vials (MDVs) used more 
commonly in healthcare settings other than dentistry 
and should be excluded from allergy testing specific to 
dental local anesthesia. Another potential allergen, 
sodium metabisulfite, an antioxidant commonly used to 
preserve fruits and vegetables, is included in all local 
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anesthesia agents containing a vasoconstrictor such as 
epinephrine. Yet, to date, there is no documented case 
of a true allergic reaction to bisulfite‐containing local 
anesthetic in dentistry.

Psychogenic manifestations of local anesthetic sensi-
tivity are perhaps the most common complications that 
are often mistaken by the patient and sometimes by the 
clinician as allergy. Some of these reactions may con-
vince the patient that powerful reactions to local anes-
thesia preclude their use, and therefore, treatment must 
be rendered under general anesthesia. The most 
common psychogenic reaction reported is vasovagal 
syncope followed by acute stress reactions that may 
include a rapid heart rate, diaphoresis, and nausea and 
vomiting.

Diagnosis of true allergic response involves ruling out 
psychogenic reactions to needle phobias and other 
stressors. Typically, once the psychogenic reactions have 
been ruled out, a differential diagnosis of allergic 
response to local anesthetics will fall into either an 
immediate (5–30 min onset), type I, IgE‐mediated or 
delayed (8–12 h onset), type IV, cell‐mediated reaction. 
Consultation with an allergist familiar with dental local 
anesthesia solutions is advisable if true allergy is 
suspected.

Prevention
Patient report and history to local anesthesia allergy 
must be investigated thoroughly, and if needed, appro-
priate referral to an appropriate allergy specialist should 
be considered. Despite the extremely limited occurrence 
of amide local anesthesia allergy in dentistry, the 
 additional medicolegal concerns of administering an 
unwanted agent to a patient warrant extensive patient 
education and clinical evidence.

The clinician should be aware that local anesthesia 
allergy testing must involve local anesthesia prepara-
tions used exclusively in dental local anesthesia car-
tridges and not in MDVs used commonly in medicine. 
As stated earlier, dental preparations of local anesthesia 
are manufactured without a methylparaben bacterio-
static agent used in MDVs (Macy, 2003).

Patients reporting allergy to sulfites (not “sulfa” drugs, 
which refer to the sulfonamide class of drugs) should 
not receive local anesthetics containing epinephrine. 
Epinephrine‐containing local anesthetics contain an 
antioxidant—metabisulfite, sodium bisulfite, or potassium 
bisulfite—to prolong shelf life. This antigen elicits a 

non‐IgE hypersensitivity response that often manifests 
in rhinitis, rash, headache, dyspnea, and cramping 
(Simon, 1996).

Patients reporting allergy and sensitivity to PABA 
derivatives should not be exposed to ester local anes-
thetics found in many topical anesthetic preparations 
and ester‐type local anesthetics. Other newer intranasal 
formulations of local anesthetics may employ an ester‐
type local anesthetic such as tetracaine (Ciancio et al., 
2013). These formulations should also be avoided.

Patients reporting allergy to latex should not be 
exposed to latex that may be contained in the dia-
phragms and stoppers of dental local anesthesia car-
tridges. Although there have been no reports of latex 
allergic reactions to dental local anesthesia cartridges in 
the literature, caution is urged for those patients who 
report severe latex allergic (anaphylactic) reactions and 
appropriate precautions should be implemented to 
avoid the use of latex‐containing armamentarium and 
local anesthesia cartridges (Shojaei and Haas, 2002).

Finally, increases in heart rate and the patient being 
alarmed by such should be explained as a normal 
consequence of epinephrine administration. Empirically, 
some authors have cautioned practitioners to avoid 
using more than 0.040 mg (40 µg) of epinephrine 
in  patients with significant cardiovascular disease 
(Malamed, 2013). Patients, however, should be 
counseled in respect to not mistaking increases in heart 
rate and sympathetic nervous system activation with 
true allergic response.

Management
Allergy and anaphylaxis are medical emergencies that 
need to be addressed promptly with antihistamines and, 
in the case of anaphylaxis, epinephrine. Delayed hyper-
sensitivity reactions are typically treated with oral or par-
enteral H1 and H2 antihistamines such as diphenhydramine 
and ranitidine, respectively. Nebulized or metered‐dose 
inhaled (MDI) albuterol can also be an effective broncho-
dilator when administered continuously. Corticosteroids 
can also be considered for late‐effect allergic symptoms 
and should be continued for 2–3 days after initial presen-
tation of allergic symptoms. Finally, for anaphylaxis, epi-
nephrine (0.3 mg IM for adults, 0.15 mg for children) and 
glucagon are proven effective agents when used as 
directed (Liberman and Teach, 2008).

Psychogenic reactions such as syncope and hyperven-
tilation should be treated in accordance with accepted 
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medical emergency management in a dental‐based 
setting. This also includes consideration of transporting 
the patient to an emergency medical care facility.

Failure to achieve anesthesia
The common complications of not achieving satisfactory 
local anesthesia to perform various dental procedures 
stem from a variety of etiologies. It is important to con-
sider that the patient’s perception of pain, or inadequate 
local anesthesia, may involve an overwhelming 
psychological component. The International Association 
for the Study of Pain (IASP) defines “pain” as “an 
unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage, or described 
in terms of such damage” (IASP, 2015). Simply, local 
anesthesia may not be sufficient to control or obviate 
the surgical trauma of dentistry or dental surgery, and 
one must consider alternate means once local anes-
thesia avenues have been exhausted.

Numerous hypotheses have been investigated 
regarding the failure of local anesthesia that included 
needle deflection, missing of landmarks or accessory 
nerve branches, the presence of infection, tetrodotoxin 
resistant sodium channels, or inadequate volume of 
local anesthetic solution. However, investigations have 
failed to isolate a singular etiology of oral local anes-
thesia failures (Brau et al., 2000). Maxillary anesthesia 
has classically not had a failure rate approaching that of 
the mandible. Moreover, the incidence of failed local 
anesthesia occurs primarily in attempting to achieve 
pulpal anesthesia in the mandible with the IANB and 
has been reported to be as high as 32% in the lateral 
incisors, particularly in dentition diagnosed with irre-
versible pulpitis.

When anesthetizing dentition near to the midline of 
both maxillary and mandibular arches, cross innerva-
tion of dentition, hard tissue and soft tissue from contra-
lateral innervation can also result in a failure to achieve 
adequate local anesthesia (Clark et al., 2002).

Prevention and management
Adequate and reliable local anesthesia hinges upon 
proper administration and accurate deposition. The cli-
nician must ensure that appropriate extraoral and 
intraoral landmarks are identified prior to injection 
and that an understanding of the areas anesthetized 
by a particular injection technique will provide 
appropriate coverage. Of particular note, the posterior 

superior alveolar (PSA) and the greater palatine nerve 
block do leave the mesial buccal root of the maxillary 
first molar and the maxillary first premolar, respec-
tively, unanesthetized in roughly 30% of the 
population (Malamed, 2013). Supplemental injections, 
namely, the supraperiosteal (infiltration) injection, 
will give the patient full anesthesia of these often over-
looked anatomical variations. For the anterior denti-
tion, additional anesthesia from the contralateral side 
may provide anesthetic coverage for those teeth that 
are cross‐innervated (Clark et al., 2002).

A second injection of a different anesthetic solution 
from the commonly used 2% lidocaine with 1 : 100 000 
epinephrine concentration has not been shown to be 
effective in the IANB (Kanaa, Whitworth, and Meechan, 
2012). Increasing the concentration of epinephrine in 
local anesthetic formulations has demonstrated no 
increased efficacy in randomized, double‐blind compar-
isons (Mason et al., 2009).

In the treatment of dentition with irreversible pulpi-
tis, several strategies are available to provide anesthesia. 
After ruling out a missed injection, alternate injections 
are advised that provide anesthesia to the proximal 
nerve trunk: Gow‐Gates or Vazirani‐Akinosi (closed 
mouth mandibular nerve injection technique with the 
needle introduced from the ipsilateral and anterior 
aspect, at the level of the maxillary marginal gingiva 
parallel to the maxillary occlusal plane) nerve blocks in 
the mandible and PSA, greater palatine, or Division 2 
nerve blocks in the maxilla.

Additionally, the clinician should consider alternate 
injection techniques such as a buccal infiltration in the 
mandible with 4% articaine, intraosseous injections, or 
intrapulpal injections. Deposition of local anesthesia solu-
tion near or at the mental foramen (mental incisive nerve 
block) can improve the outcome of IANB in the premolar 
and mandibular first molar. Anesthetizing the mylohyoid 
nerve has not been shown to improve anesthetic efficacy 
of the IANB (Nusstein, Reader, and Drum, 2010).

Lastly, when taking into consideration the IASP defi-
nition of pain, the clinician must consider deferring 
treatment under a central nervous system (CNS) depres-
sant used in moderate sedation to general anesthesia.

Paresthesia
Mechanical, chemical, or surgical trauma can lead to 
both temporary and permanent nerve damage that can 
alter sensation and motor control. Any alteration or 
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abnormal sensation from normal is encompassed by the 
broad definition of paresthesia. Subdivisions of pares-
thesia include anesthesia, a total loss of sensation; dys-
esthesia, burning or tingling; allodynia, pain in response 
to normal stimuli; and hyperesthesia, increased pain 
response to all stimuli. Of the most commonly studied 
paresthesias related to dental local anesthesia, the IANB 
technique with resultant paresthesia to the lingual 
nerve accounts for as high as 70% of published reports 
with local anesthesia solutions in the 4% concentration 
(40 mg/ml). Several mechanisms of local anesthesia‐
mediated paresthesias have been proposed ranging from 
neural apoptosis to mechanical needle injury to a uni-
fascicular lingual nerve (Malamed, 2006).

Inferior alveolar nerve paresthesia from surgery or 
other dental‐related treatment may be difficult to distin-
guish from local anesthesia‐related nerve injury upon 
initial presentation. Third molar removal (Kim et al., 
2012), extrusion of endodontic sealer into the mandib-
ular canal (Gambarini et al., 2011), mandibular implant 
placement (Alhassani and AlGhamdi, 2010), and other 
surgical procedures have all been implicated in pares-
thesias that affect the inferior alveolar nerve. Several 
diagnostic and preventative measures exist to assist the 
clinician in establishing a differential diagnosis of iatro-
genic paresthesia (see section on “Paresthesia Manage-
ment” following this section).

Prevention
According to Garisto et al., in a series of continuing 
studies published reporting the occurrence of lingual 
nerve paresthesia involving prolonged anesthetic effects 
of the lower lip, clinicians should carefully weigh the 
risks versus the benefits of using 4% anesthetic solu-
tions, namely, 4% articaine and 4% prilocaine, in the 
IANB (Garisto et al., 2010). This recommendation, how-
ever, has been somewhat controversial, and others have 
argued that the damage to the lingual nerve may involve 
a mechanical component. Malamed (2006) explains 
that factual and causal relationship between 4% anes-
thetic solutions and lingual nerve paresthesia is yet to be 
established and postulates a reporting bias and that the 
traditional Halstead approach to the IANB results in 
overstretching and mechanical needle trauma to the lin-
gual nerve (Moore and Haas, 2010). Moreover, the 
seemingly disparate incidence of mechanical injury to 
the use of any local anesthetic solution for IANB overall 
still remains unexplored.

Heller and Shankland (2001) have described a 
method using mandibular local anesthesia infiltration 
techniques, rather than traditional block techniques, to 
preserve sensory function of the inferior alveolar nerve 
during implant placement. The technique maintains the 
ability of the patient to “alert” the surgeon or dentist to 
possible compromise of the integrity of the mandibular 
canal and nerve contained within (Heller and 
Shankland, 2001). While not specifically anesthesia‐
related injury, choice of local anesthesia technique can 
aid in preventing surgical‐related paresthesias.

Management
Most paresthesias will resolve without therapeutic 
intervention within 8 weeks of local anesthesia 
administration (Garisto et al., 2010). Particular attention 
must be made by the clinician to document the initial 
finding, reassure the patient that most paresthesias are 
self‐limiting, and document the patient’s report with 
high fidelity. For example, if the patient reports a numb-
ness that evolves into a “tingling” or “fuzzy” sensation, 
these descriptors should be documented verbatim in the 
patient’s chart to provide a scale of improvement, if any, 
over a regular time interval until resolution. If the par-
esthesia does not begin to exhibit improvement over 
time, or if the patient reports a profound loss of normal 
sensation at the outset, it may be appropriate to 
promptly refer to an appropriate specialist.

The increasing use of the cone‐beam computerized 
tomography (CBCT) or other diagnostic imaging can be 
of utility when identifying compromise of the mandib-
ular canal due to implant placement, mandibular sur-
gery, endodontic instrumentation, flap retraction, or 
other dental or maxillofacial procedures (Park, Kim, 
and Moon, 2012). Appropriate surgical management or 
other therapies are indicated if the surgical etiology of 
the paresthesia is evident, and anesthesia‐related nerve 
injury may be ruled out.

Unintended anesthesia
Anesthesia of areas not intended to be anesthetized can 
be quite unsettling for many patients and, in some cases, 
can lead to discomfort, temporary loss of function, and 
possible injury. The most commonly reported case of 
unintended anesthesia related to dental local anesthesia 
is facial nerve paralysis, but other areas of the head and 
neck region can be affected. Ophthalmologic involve-
ment, while rare, has been reported and is often 
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attributed to local anesthesia solutions migrating toward 
the orbit and affecting the oculomotor cranial nerves II, 
IV, and VI (Von Arx, Lozanoff, and Zinkernagel, 2014). 
The disruption of sympathetic innervation to the eye is 
often referred to as Horner syndrome. Horner syndrome 
is described to consist of a triad of symptoms—ptosis, 
miosis, and anhydrosis—and results from anesthetic 
solution migrating into the area of the cavernous sinus 
(Huang et al., 2013; Faix, 2001).

The unintended anesthesia of the facial nerve can be 
a disconcerting and alarming complication of local anes-
thesia administration when attempting to deliver man-
dibular block anesthesia. In careful examination of the 
surrounding anatomy and innervation of the inferior 
alveolar nerve, the parotid gland and the course of the 
seventh cranial nerve (CN VII) lie in close proximity to 
the target local anesthesia landmarks. Coursing from 
the posterior border of the ramus of the mandible, the 
trunk of the facial nerve is commonly anesthetized dur-
ing IANB if the deposition of local anesthesia is too far 
posterior or overinsertion of the needle is performed. 
Often referred to as Bell’s palsy, the acute facial nerve 
paralysis can mimic symptoms of stroke and also be con-
fused with idiopathic nerve paralysis.

Ocular complications
Various mechanisms have been proposed in the loss of 
vision or other ocular complications related to intraoral 
local anesthesia administration. In Von Arx, Lozanoff, 
and Zinkernagel’s (2014) review of the current litera-
ture, four mechanisms have been postulated: (i) intra-
vascular injection of local anesthetic, (ii) reflex 
vasospasm, (iii) cervical sympathetic block, and (iv) dif-
fusion of local anesthetic into ocular structures. 
Commonly, the IANB and the PSA nerve block were 
attributed to ocular complications. Diplopia (double 
vision) was reported as the most frequent ocular distur-
bance at almost 40% of reported complications, and of 
that percentage, roughly 87% involved anesthesia of 
the lateral rectus and the abducens nerve (Von Arx, 
Lozanoff, and Zinkernagel, 2014). One report by Chisci, 
Chisci, and Chisci (2013) outlined a case of vertical and 
lateral diplopia arising from retrograde venous flow or 
an arterial flow path resulting in anesthesia to the IV 
cranial nerve, specifically the superior oblique muscle, 
from a PSA injection of 4% articaine with 1 : 200 000 
epinephrine. When anesthesia affects the sympathetic 
innervation of the eye, as in Horner syndrome, the 

dilator pupillae and the Muller muscles are left without 
motor control and result in miosis (pupillary dilation) 
and ptosis (eyelid drooping) of the affected side 
(Ostergaard et al., 2005). Very rarely has amaurosis, or 
vision loss, been reported, and various mechanisms are 
postulated that involve anesthetic solution transported 
arterially into the central artery of the retina (Wilke, 
2000) from mandibular block anesthesia, emboli, 
thrombus formation, vascular spasm, and chronic 
inflammation (Uckman, Cilasun, and Erkman, 2006).

Auditory complications
Although rare, total anesthesia of the branch of the 
trigeminal nerve, the auriculotemporal nerve can occur 
while performing the IANB or the Gow‐Gates approach 
to anesthetizing the inferior alveolar nerve. The auricu-
lotemporal nerve supplies somatosensory innervation to 
the auricle, external acoustic meatus, the outer side of 
the tympanic membrane, and the dermis of the temporal 
region. A rare report of broken needle during IANB by 
Ribeiro describes the migration of a needle fragment into 
the external auditory canal and subsequently piercing 
the tympanic membrane (Ribeiro et al., 2014).

Management of the aforementioned 
unintentional anesthesia
The sequelae of unintentional anesthesia generally per-
sist for as long as the published duration of action for the 
injected local anesthetic. Facial nerve paralysis or even 
the more rare complication of ophthalmic involvement 
typically resolves after the local anesthetic has ceased its 
nerve blocking effects at the site of injection or regional 
block. For facial nerve paralysis, a relatively common 
injection complication, resolution occurs when the local 
anesthetic ceases its effects. Care must be taken to avoid 
injury to the ipsilateral eye in that lid closure is impeded 
with facial nerve anesthesia. Although the globe and 
cornea are at risk for injury due to the lack of protection 
from the eyelid, the corneal reflex remains. Consideration 
should be given to protecting the eye with artificial tears, 
lubricants, and possibly a shield taped over the lid and 
orbit. The clinician must communicate the effects of the 
complication to the patient to alleviate any undue worry. 
However, in the case of persistent and prolonged anes-
thesia of the facial nerve, or involvement of oculomotor, 
vision, or auditory innervation, immediate referral to an 
appropriate specialist is warranted for further evaluation 
(Glass and Tzafetta, 2014).
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Hematoma
Hematomas, a bruise or discoloration resulting from 
blood entering an extravascular space, is a common 
complication following extra and intraoral local anes-
thesia administration. Certain injection techniques and 
locations have higher incidences of hematoma develop-
ment than others. Predictably, areas that are more 
highly vascularized tend to result in hematomas than 
areas less vascularized. The PSA nerve block, anterior 
superior alveolar (ASA) nerve block, infraorbital (IO) 
nerve block, incisive (mental) nerve block, and IANB 
are common areas for hematoma development. Rarely 
will hematomas produce significant pain, swelling, or 
trismus, yet the extraoral development of a bruise and 
discoloration should be documented and explained to 
the patient that the condition is a fairly common 
 complication of local anesthesia administration and is 
self‐resolving in 7–14 days. Although most reports of 
this complication are benign, careful attention should 
be placed upon any intraoral swelling that could result 
in the loss of an airway to the patient (Cohen and 
Warman, 1989) (Figure 6.1).

Prevention
Any injection into a vascular area invariably carries risk 
of hematoma development, yet there are some practices 
that may reduce the incidence of this complication. 
When presented with alternative sites of injection, 
avoidance of multiple injections into a highly vascular-
ized area as well as maintaining proper and consistent 
needle angulation throughout the advancement of the 

needle may help prevent hematoma formation (Padhye 
et al., 2011). The clinician should be aware of prior his-
tory of hematoma formation in a certain injection area 
and possibly consider an alternate, yet effective, injec-
tion technique. Also, certain medications and medical 
conditions, namely, antithrombotics (such as NSAIDs or 
other therapeutic anticoagulants) and the hemophilias 
or other disorders of coagulation, may increase the 
likelihood of hematoma sequelae (Piot et al., 2002).

Management
For management of specific injection‐related hema-
tomas, see the following text. In general, direct and 
immediate pressure to the affected area will minimize 
the extent of swelling and discoloration due to the 
extravasation of blood into the soft tissue. Direct pressure 
may be extended if the patient is on antithrombotic or 
anticoagulant therapy. If possible, application of cold 
compresses after immediate recognition may help pro-
mote vasoconstriction and further growth of the hema-
toma, but intraoral application may prove difficult. Later 
management, generally accepted as after 6 h, includes 
frequent warm compresses to the affected area to pro-
mote vasodilation and increased perfusion to the discol-
ored area to speed return to normal pigmentation. Pain 
and discomfort are generally addressed with over‐the‐
counter analgesic formulations, and the clinician should 
consider alternatives to the anticoagulant effect of 
certain analgesics in the management of hematomas.

For the ASA or IO nerve block, direct application of 
pressure to the area below the inferior border of the 
orbit will help to prevent spread of a hematoma. Note 
that a true ASA nerve block technique requires direct 
digital pressure directly over the IO foramen that makes 
hematoma development unlikely. Cold compresses can 
be readily applied to the area to further promote vaso-
constriction once the hematoma has been recognized. 
Later management can be left to patient directives of 
continuous applications of warm compresses to aid in 
dispersing areas of discoloration in a highly visible area.

For the PSA nerve block, where multiple vascular 
structures are involved in a region that can accommo-
date a large volume of extravascular blood, immediate 
swelling is often recognized followed by discoloration 
in a highly visible area of the face (Padhye et al., 
2011). When vessel integrity of the PSA artery and 
facial artery are compromised, the resulting extrava-
sation of blood into the infratemporal fossa can be 

Posterior superior
alveolar nerve block

Inferior alveolar
nerve block

Mental/incisive
nerve block

Risk of hematoma
development

Figure 6.1 Anesthesia complications. Malamed (2013).  
Repro duced with permission from Elsevier.
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significant and is a difficult area to apply direct pressure. 
It is often recommended to apply direct digital (finger) 
pressure intraorally in the mucobuccal fold region 
 nearest to the maxillary tuberosity to control swelling. 
Intraoral and extraoral application of cold compresses, if 
possible, should be applied once a hematoma is recog-
nized in this region.

For the IANB, direct pressure should be applied intra-
orally with direct digital pressure to the medial aspect 
of  the ramus of the mandible of the affected side. In 
very  small patients or those with limited airways, 
development of a significant hematoma may impinge 
upon maintaining an open airway (Hawthorne, Sim, 
and Acton, 2000) and should be managed with 
immediate intervention to reduce further swelling and 
possible securing of the airway (often involving 
emergent transport to a hospital facility) (Kitay, Ferraro, 
and Sonis, 1991).

Sublingual hematomas are generally reported to be 
sequelae from surgery or instrumentation involving the 
lingual aspect of the mandible and rarely involve only 
local anesthesia administration alone. However, 
because of the potential for life‐threatening intraoral 
swelling and hematoma development, it is important 
for the clinician to be aware of the immediate concern 
of any rupture to the sublingual branch of the lingual 
artery and associated arterial branches to cause airway 
obstruction. Although pressure should be applied 
immediately, the measures for controlling significant 
hemorrhage of this area call for emergent transporta-
tion to a facility where surgical management and 
securing of the airway can be achieved as rapidly as 
possible (Tarakji and Nassani, 2012).

Toxicity and overdose
Local anesthetic toxicity and overdose is a serious and 
potentially life‐threatening complication that can occur 
in the dental setting where local anesthetics are used in 
both topical and injected forms. Local anesthetics have 
maximum recommended dosages based on patient 
weight and the assumption that patients’ dose/response 
curves fall within an average population. Various factors 
influence a patient’s ability to redistribute, metabolize, 
and excrete various drugs, and very rarely is the rate of 
metabolism predictable in terms of dosing local anes-
thetics. Metabolites themselves may also be toxic. 
Nevertheless, the clinician’s responsibility is to admin-
ister an appropriate amount of anesthesia to complete a 

procedure and to avoid administration of local anes-
thetics to the maximum recommended dose (MRD).

Understanding that local anesthetics are potent CNS 
depressants and are commonly used in medicine as anti-
dysrhythmics to slow and correct myocardial electrical 
conduction, clinicians should consider the potency of 
these drugs in normal dental practice upon susceptible 
patients. Lidocaine, one of the most common dental 
local anesthetics used in North America, is an agent 
used in the American Heart Association’s algorithm for 
Advanced Cardiac Life Support (ACLS) in the treatment 
of ventricular arrhythmias. Yet the metabolism and 
clearance of lidocaine from the body is heavily 
dependent upon hepatic function, and if liver function 
is compromised, the likelihood of toxicity increases 
(Ganzberg and Kramer, 2010).

Clinicians should be acutely aware of the amounts of 
local anesthetics delivered when using conventional 
dental cartridges. The standard convention of express-
ing concentration of local anesthesia contained within 
solution is by percentage. A 4% solution, for instance, 
contains 40 mg of local anesthesia per milliliter of solu-
tion. Likewise, a 3% solution contains 30 mg per milli-
liter, and a 2% solution contains 20 mg of drug in every 
milliliter of solution. Manufacturers accordingly publish 
maximum recommended dosages as milligrams per 
kilogram of body weight (Table 6.1).

Prevention
The single most important factor in preventing local 
anesthesia overdose and toxicity is slow injection tech-
nique (Malamed, 2013). Careful consideration of using 
local anesthetic agents with vasoconstrictors in patients 

Table 6.1 Maximum recommended dosages.

Local anesthetic solution Maximum recommended dose 
(mg/kg)

4% articaine with 1 : 100 000 
epinephrine

7

2% lidocaine with 1 : 100 000 
epinephrine

7

0.5% bupivacaine with 
1 : 200 000 epinephrine

2

4% prilocaine plain 8

3% mepivacaine plain 6.6
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able to tolerate the possible cardiac side effects of 
increased cardiac output—blood pressure and heart rate 
changes—can also prevent toxicity from limiting 
systemic uptake by vasoconstriction (Malamed, 2013). 
Inadvertent intravascular injection can lead to rapid 
serum levels of local anesthesia and resultant overdose 
and toxicity. Employing routine techniques of aspira-
tion, or production of slight negative pressure in the 
dental local anesthesia cartridge by gentle thumb retrac-
tion of the plunger in an aspirating dental syringe, can 
effectively reduce the likelihood of high serum 
concentrations.

Choice of local anesthesia injection technique can 
also have profound effects upon systemic uptake and 
possibly systemic toxicity. Of the local anesthetic tech-
niques commonly used in dentistry, intraosseous 
administration results in the most rapid uptake into 
systemic circulation (Wood et al., 2005). Supraperiosteal 
infiltration followed by maxillary nerve blocks, while 
not at the degree of intraosseous administration, can 
also result in rapid systemic absorption because of the 
highly vascularized region and cancellous bone dis-
tinctly located in this region. Of the techniques used 
in  dentistry, mandibular block local anesthesia 
administration, periodontal ligament injection, 
intrapulpal, and other intraoral nerve block techniques 
requiring minimal amounts of local anesthesia volume 
are at less risk to develop toxicity in the adult patient 
(Becker and Reed, 2012).

Clearly, the administered amount of local anes-
thetics needed for restorative or surgical procedures 
can have profound effects upon toxicity and systemic 
absorption. Simply put, the more local anesthesia 
administered to a patient, the greater the potential for 
toxicity. Clinicians should consider the length of 
treatment as well as the anesthetic coverage needed 
for a procedure and choose a local anesthetic agent 
accordingly. Reinjection with a short to moderate 
duration of action local anesthetic agent for a 
procedure that demands an extensive amount of time 
to complete puts patients at risk for development of 
toxicity. Alternatively, the choice of using a longer‐
acting, or long duration of action, local anesthetic 
agent for a procedure that may consume a shorter 
amount of time than expected decreases the likelihood 
of overdose and toxicity but may put the patient at 
risk for soft tissue injury as a result of prolonged anes-
thesia (see section “Soft Tissue Injury”).

If the clinician chooses to use two or more local anes-
thetic agents during an appointment, modification to 
the calculation of MRD is required. The toxic effects of 
the drugs are presumed to be additive. Simply, if one 
half of the maximum dose of the first local anesthetic is 
given, then the clinician can administer up to one half 
of the maximum dose of the second local anesthetic, as 
calculated per kilogram of body weight (Weaver, 2007).

Management
Recognition of the signs and symptoms of overdose is of 
paramount concern in the emergent treatment of tox-
icity and overdose. Generally, local anesthesia overdose 
presents initially as excitation in the CNS followed by 
depression of the CNS. Patients may at first exhibit 
excitability, nervousness, and incoherence. Reports 
have also noted increased depth of respiration and even 
tremor and involuntary movement as various aspects of 
the CNS are inhibited. As the toxicity progresses, tin-
nitus (ringing of the ears), nausea, vomiting, and sei-
zure activity may present. As the CNS becomes further 
depressed, respiratory function may diminish and even-
tually cease leading to cardiovascular collapse and/or 
hypoxic injury.

Management of local anesthesia toxicity requires 
immediate management in the form of basic life support. 
Because of the potential for respiratory depression, the 
clinician must prioritize supportive respiratory mea-
sures to ensure proper oxygenation and ventilation 
despite the onset of CNS depression. Transport to a 
hospital‐based care facility should be considered imme-
diately if the patient is suspected of having a local anes-
thetic overdose as progression of toxicity can occur 
rapidly. In‐hospital management includes the afore-
mentioned measures to maintain adequate oxygenation 
and a patent airway, seizure suppression, supportive 
measures to stabilize cardiovascular function, and 
consideration to provide lipid emulsion therapy 
(Intralipid™) to reverse neurological and cardiovascular 
effects (Cave and Harvey, 2009).

Methemoglobinemia
Hemoglobin, the molecule in human blood primarily 
responsible for oxygen delivery to tissues, generally 
exists in a ferrous form where all of the iron atoms have 
an atomic valence of +2. In acquired methemoglobi-
nemia, any one of the iron atoms is oxidized to its ferric 
form where its atomic valence exists in a +3 state. Two 
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of the most likely oxidizing agents used in dentistry are 
the topical anesthetic benzocaine and the injectable 
local anesthetic prilocaine. Both agents have been 
extensively studied for their potential in acquired met-
hemoglobinemia whereby the hemoglobin (ferrous) 
molecule’s oxygen‐carrying capacity is markedly 
reduced in the methemoglobin (ferric) form. Although 
blood levels of methemoglobin exist normally in healthy 
individuals at a level approaching 2%, concentrations 
higher than 15% can produce frank cyanosis and symp-
toms of hypoxia that can include dizziness, headache, 
lethargy, loss of consciousness, and, in severe cases, 
death (Trapp and Will, 2010).

Prevention
Ample evidence exists that demonstrates benzocaine 
and prilocaine as the common anesthetic agents used 
in dentistry that produce methemoglobinemia (Taleb 
et al., 2013). Because both formulations available to 
the dental clinicians are in relatively high concentra-
tions (20% benzocaine topical and 4% prilocaine 
injectable), care must be taken to ensure excessive 
amounts of these agents are not delivered to patients. 
Moreover, if another anesthetic agent is available as 
an alternative, consideration should be given to using 
alternate agents in patients that are susceptible to 
methemoglobinemia or other oxygen‐carrying com-
promise (sickle cell, anemia, kidney failure, chronic 
hypoxemia, etc.).

Management
Methemoglobinemia is difficult to diagnose in a typical 
dental setting but should be on the differential if the 
oxidizing substances of prilocaine or benzocaine are 
employed in patient care. Patients can display a range of 
symptoms that are consistent with hypoxemia: head-
ache, fatigue, exercise intolerance, dizziness, syncope, 
confusion, seizures, etc. (Taleb et al., 2013). Onset can 
be delayed and can occur hours after administration of 
local anesthesia. Access to pulse oximetry will often be 
misleading as significant methemoglobinemia will erro-
neously present with an oxygen saturation of 85% 
despite supplemental oxygen administration. Newer 
monitors are available that specifically target methemo-
globin levels in the bloodstream, but they remain spe-
cialized monitoring devices outside the scope of many 
dental and ambulatory medical settings. Thus, in the 
absence of immediate co‐oximetry blood sampling and 

specific monitoring, the dental setting diagnosis of met-
hemoglobinemia is reliant upon classical methods of 
observing the patient for cyanosis, shortness of breath, 
and the presence of “chocolate‐brown” colored blood 
(Gutenberg, Chen, and Trapp, 2013). Methemoglobinemia 
can be life threatening, and as such, any cases of 
suspected methemoglobinemia should necessitate 
immediate transport to a care facility where the patient 
can be treated.

Acquired methemoglobinemia is treated with the 
administration of an intravenous (IV) infusion of 
methylene blue, 1–2 mg/kg of body weight, up to 50 mg. 
In the treatment of symptomatic methemoglobinemia, 
methylene blue is enzymatically reduced to leucometh-
ylene blue and then reduces methemoglobin back into 
the oxygen‐carrying hemoglobin—effectively reversing 
the effects of acquired methemoglobinemia (Lo, 
Darracq, and Clark, 2014). During the management of 
suspected acquired methemoglobinemia, the patient 
should be administered supplemental oxygen by means 
of a nonrebreather facemask to increase the amount of 
inspired fraction of oxygen to the remaining and 
functional hemoglobin. Other therapies such as hyper-
baric oxygen, oral or parenteral ascorbic acid 
administration, and blood transfusion may also be con-
sidered (Gray and Hawkins, 2004).

Soft tissue injury
Masticatory or other soft tissue trauma as a result of 
residual local anesthesia is a common complication 
seen in dentistry. Oftentimes, inadvertent lip, cheek, or 
tongue biting occurs in the pediatric and patients with 
special‐needs populations (Malamed, 2013). Injuries 
can range from minor and not requiring therapeutic 
intervention to severe and requiring extensive repair 
of lacerated soft tissue. Several etiologies have been 
explored for this relatively common and usually minor 
complication. Recent studies have reported obesity, 
IANB, and long‐acting local anesthetic solutions as 
being the major contributors to soft tissue injury. In 
the pediatric and special‐needs population, inadver-
tent lip biting results from curiosity of an unfamiliar 
sensation that elicits no pain. Nevertheless, the compli-
cations of inadvertent soft tissue injury resulting from 
local anesthesia administration can pose a risk to 
dental patients that require serious consideration in 
terms of prevention and management (Boynes, Riley, 
and Milbee, 2014).

Join us: https://t.me/dental_books_lib



130   Chapter 6

Prevention
Awareness on the part of the clinician, patient, parent, 
or caregiver is of primary importance in relation to soft 
tissue injury. Effectively communicating risk and poten-
tial injury can decrease the incidence and unneeded 
intervention of an injury with varying presentation. 
Second, using local anesthetics with a shorter durations 
of action can potentially restore normal sensation to an 
area prone to mastication, yet even using a shorter‐ 
acting solution without a vasoconstrictor, such as the 
commonly available 3% mepivacaine plain solution, 
can yield postoperative soft tissue anesthesia that can 
last several hours in duration (Chi et al., 2008). Lastly, 
the clinician should strongly consider mechanical mea-
sures to prevent accidental tissue trauma in postopera-
tive planning that anticipates a high likelihood of injury. 
Large, rolled cotton gauze packs inserted halfway into 
the oral cavity that are large enough to make aspiration 
unlikely can prevent a patient from biting or trapping 
the cheek, lip, or tongue.

Management
The assessment and diagnosis of soft tissue injury related 
to dental local anesthesia administration can be elusive 
to caretaker or healthcare providers unaware of recent 
dental treatment—especially for patient populations 
that have difficulties in communication. Pointed and 
direct history taking should include not only recent 
dental and oral/maxillofacial treatment but also specific 
intraoral areas that were anesthetized. Once the 
assessment has been made that the presenting injury is 
indeed soft tissue trauma from mastication, further 
assessment should follow to expose any other areas of 
ipsilateral or contralateral involvement. Most often, 
ulceration will be present and should be evaluated for 
infection. Palliative treatment with over‐the‐counter 
preparations of nonsteroidal anti‐inflammatory medica-
tions or acetaminophen will generally provide adequate 
analgesia for the duration of a minor injury. Some rec-
ommend the gentle debridement of the injured area 
with 0.12% chlorhexidine gluconate (Chi et al., 2008). 
If severe infection, laceration, or loss of function is pre-
sent, systemic antibiotics should be dispensed and 
referral to an appropriate specialist is indicated for pos-
sible surgical intervention and wound closure.

Resolution of soft tissue trauma generally occurs 
within days to weeks from the initial time of injury. 
However, final healing can be protracted if lip biting 

recurs in the same location as the initial injury, if the 
wound requires surgical intervention, or if the presence 
of infection is detected.

Complications of inhalation sedation

The use of nitrous oxide inhalation sedation has a 
revered history in the practice of dentistry. This color-
less, sweet‐smelling inhalational agent provides not 
only an anxiolytic effect, but it also provides a dose‐
related degree of analgesia reported by Jastak to be 
equivalent to 10–15 mg of the opioid morphine (Jastak 
and Donaldson, 1991). Its routine use in dentistry has 
proven to be a safe and effective modality to provide 
treatment with fast initial onset, ease of titratability, and 
rapid elimination from the body. Complications with 
nitrous oxide administration are fortunately rare. 
However, complications can arise in gas delivery, equip-
ment, and psychogenic side effects, and previous studies 
have demonstrated nitrous oxide suitability across a 
wide range of patient types. More recent investigations 
have implicated nitrous oxide in increased complication 
risk for certain individuals with existing comorbidities 
and metabolic deficiencies.

Standard precautions in the administration of nitrous 
oxide–oxygen inhalation sedation include a thorough 
and regularly updated medical history, avoiding use in 
those with severe chronic obstructive pulmonary dis-
ease (COPD), severe emotional disturbances or drug‐
related dependencies, first trimester of pregnancy, 
treatment with bleomycin sulfate chemotherapy for 
neoplasms, recent retinal surgery with introduction of 
an intraocular gas bubble, methylenetetrahydrofolate 
reductase (MTHFR) deficiency, and cobalamin defi-
ciency (AAPD, 2013).

Complications in equipment
Contemporary dental nitrous oxide–oxygen inhala-
tional sedation units provide multiple safeguards from 
delivering potentially harmful hypoxic gas mixtures: 
Low oxygen flow alarms, oxygen fail‐safes, and the 
inability to deliver nitrous oxide concentrations greater 
than 70%. Nevertheless, problems arise from misuse 
and lack of routine inspection and maintenance. In 
some cases with central supply lines, severe morbidity 
and death have been reported when nitrous oxide and 
oxygen supply lines were crossed (Herff et al., 2007).
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Prevention
Clearly, regular inspection and maintenance of flexible 
rubber apparatus on nitrous oxide–oxygen inhalation 
equipment will prevent breathing circuit leaks, issues 
with inadequate delivery, and possibly patient safety 
problems associated with equipment malfunction. In 
clinical practice areas unfamiliar to the operator, close 
inspection and verification (using oxygen analyzers on 
mobile anesthesia gas monitors or a rudimentary 
“smell” test) of nitrous oxide and oxygen supply lines 
can prevent delivery of potentially life‐threatening 
hypoxic mixtures to patients (Malamed, 2010). It is 
important to note that oxygen fail‐safe mechanisms, 
which prevent delivery of nitrous oxide gas when 
oxygen supply is depleted or falls below a minimum 
delivery pressure, will be overridden in the case of 
switched supply lines.

Regular inspection of nitrous oxide–oxygen inhala-
tion sedation units should include the following:
1 Inspection of the pin index or diameter index safety 

system to ensure gas supplies cannot be or have not 
been interchanged.

2 Inspection of the tank or supply line high‐pressure 
line to the tank yokes or manifold for leaks. A leak on 
either the oxygen or nitrous high‐pressure supply 
side is generally an audible “hiss.”

3 Inspection of the reservoir bag for tears and leaks to 
ensure a consistent gas mixture and avoid 
occupational exposure and environmental contami-
nation. An intact gas reservoir bag, coupled with 
appropriate gas patient gas flow and a good mask seal, 
also becomes an additional monitoring device for 
patient ventilation (Malamed, 2010).

4 Inspection of flexible gas conduction tubing and 
breathing apparatus for leaks, cracks, or blockage 
(flattening or “kinking” of hoses) ensures adequate 
delivery of the nitrous oxide–oxygen gas supply 
without occlusion or interruption and may prevent 
occupational exposure and environmental 
contamination.

5 Inspection of scavenging system to include one‐way 
exhalation valve on the nasal hood and scavenging 
tubing. Adequate scavenging of waste gas ensures a 
decreased occupational exposure to clinicians and 
assistants. Adjustments should be made to the 
vacuum supply to ensure reservoir bag and breathing 
circuit is not overscavenged to impair sedative gas 
mixture delivery (Malamed and Clark, 2003).

Management
Fortunately, modern nitrous oxide–oxygen inhalation 
sedation units will include safeguards to prevent hyp-
oxic gas mixture delivery to the patient. However, in the 
case of suspected equipment malfunction, recognition 
remains the primary step in order to initiate interven-
tion. Replacement of damaged or degraded equipment 
and a thorough check of proper function and delivery 
will rectify most equipment problems. Gas supply 
sources, whether via compressed gas tanks or gas mani-
fold (“wall” or “pipeline”) supply, must be checked peri-
odically for evidence of leaks, valve malfunction, or 
even source switching. Ideally, supplies should be 
checked whenever the system is replenished (Herff 
et al., 2007).

Inadequate sedation
Primarily, the root cause of inadequate sedation is 
inappropriate patient selection. Various factors such 
as patients of young age, the extremely fearful or 
apprehensive, those with special needs, or patients 
with a high tolerance to CNS depressants are poor 
candidates for nitrous oxide sedation. Additionally, 
some patients present with limitations, either 
permanent or temporary, to normal nasal breathing. 
This precludes usual and standard in‐office dental 
nitrous oxide–oxygen sedation techniques using a 
nasal hood. Oftentimes in the young patient less than 
5 years of age, nitrous oxide fails to provide adequate 
sedation and analgesia. Frequent crying, intolerance 
to the nitrous oxide delivery hood, and a patient 
breathing primarily through his or her mouth can 
lead to inadequate delivery of a concentrated dose of 
nitrous oxide. Nevertheless, despite careful patient 
selection and absence of predisposing factors, 
Malamed (2010) explains that nitrous oxide sedation 
“hyporesponders,” or those that do not derive a 
therapeutic effect from average doses of an agent, 
represent about 15% of patients.

Prevention
Reliable predictors to foretell inadequate sedation are 
elusive. Reliable medical and social history taking, 
along with the clinician and patient’s clear expecta-
tions of the therapeutic limitations of nitrous oxide–
oxygen inhalation sedation, may provide for more 
favorable outcomes. The goal of nitrous oxide–oxygen 
inhalation sedation is to provide anxiolysis, a mild 
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degree of analgesia, and possibly amnesia for a more 
comfortable and tolerable dental procedure. 
Unrealistic expectations of unconsciousness, complete 
amnesia, and profound analgesia simply cannot be 
provided by nitrous oxide–oxygen inhalation seda-
tion exclusively.

Careful consideration should be given to offering the 
patient or their caretaker alternate forms of pain and 
anxiety control if the patient is unable to reasonably 
follow verbal requests or presents with a high level of 
fear and anxiety. Patients who have a low pain threshold 
and a high degree of apprehension also are not ideal 
candidates for inhalation sedation. Nitrous oxide–
oxygen inhalation sedation may be inadequate for those 
patients with diagnosed or undiagnosed psychiatric or 
psychosocial disorders and may require more complex 
therapeutic treatment needs that may involve collabo-
ration with other mental healthcare providers.

Treatment
Inadequate sedation can occur at any time to any patient 
undergoing dental procedures with nitrous oxide–
oxygen sedation. Given the variables of dental 
treatment, patient temperament, psychological and 
social stressors, as well as variations in human behavior 
and perception (see prior definition of “pain”), even a 
patient who has completed a dental procedure previ-
ously without sedation can suffer from inadequate seda-
tion in subsequent procedures. Clinicians who recognize 
that the patient is not experiencing the sedative effects 
of nitrous oxide after 5–15 min from the start of the 
administration (mild analgesia, peripheral vasodilation, 
mild euphoria, and/or decreased anxiety) should stop 
treatment, allow the patient to recover fully, and reap-
point with an alternative strategy for anxiety and pain 
control.

Nausea and vomiting with nitrous oxide sedation
Although commonly attributed to only oversedation, 
the etiology of nitrous oxide sedation‐related nausea 
and vomiting is multifactorial. Oversedation, a full or 
empty stomach, excessive patient movement, type of 
dental surgery, prolonged length of inhalation sedation, 
middle ear infection, inadequate sedation, local anes-
thesia administration, and a predisposition to emesis 
can all be contributory to this complication. Active vom-
iting by a patient during dental treatment can be a 
serious complication due to the presence of various 

barrier and isolation techniques normally present dur-
ing restorative dentistry, and the risks of pulmonary 
aspiration of vomitus and possibly even dental instru-
ments can be life threatening. Because nitrous oxide–
oxygen inhalation sedation depresses the CNS, 
protective laryngeal reflexes to prevent accidental aspi-
ration of foreign objects and liquids into the tracheal 
may be impaired.

Prevention
Close attention paid in preparing the patient prior to 
nitrous oxide–oxygen inhalation sedation will prevent 
most instances of nausea and vomiting. Malamed 
(2010) recommends avoidance of large meals preceding 
nitrous oxide sedation and instead suggests a light, car-
bohydrate‐rich meal 4–6 h before the appointment. 
Additionally, patient history may include a predisposi-
tion to nausea and vomiting that must be considered in 
length and type of appointment. Avoiding inhalation 
sedation administration to patients with upper 
respiratory tract infections (URI) can also decrease the 
incidence of both nausea and vomiting. Becker and 
Rosenberg (2008) suggest that middle ear infections, 
which are often associated with occluded Eustachian 
tubes, may present an area in which nitrous oxide fills 
the inner ear space due to nitrous oxide diffusing more 
readily into closed spaces than nitrogen. The resulting 
increase in pressure, and tension upon the tympanic 
membrane (“ear drum”), and then negative pressure 
has been implicated as a contributor to nausea and 
vomiting (Becker and Rosenberg, 2008). This low 
blood/gas partition coefficient can also lead to bowel 
distention and, consequently, potential gastrointestinal 
discomfort and nausea and vomiting (Ostergaard et al., 
2005). It is important to note that increased duration of 
nitrous oxide inhalation sedation provides more time 
for closed spaces to fill with nitrous oxide gas. Some 
investigators also postulate that the metabolic distur-
bances of inhibited methionine synthetase, folate deple-
tion, and resultant homocysteine increase contribute to 
nausea and vomiting as well (Peyton and Wu, 2014).

Local anesthesia, with its distinctive bitter taste, 
should be carefully administered during nitrous oxide 
inhalation sedation to patients that may be sensitive to 
its taste.

When the patient is seated in the dental chair, avoid-
ance of excessive chair and patient movement can pos-
sibly prevent nausea and vomiting. The patient should 
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be situated in a position that allows for unhindered 
dental treatment with nitrous oxide–oxygen inhalation 
sedation when equipment is placed on the patient, and 
the patient should also be comfortable in the chair prior 
to beginning inhalation sedation to minimize movement 
during the procedure.

Oversedation and associated nausea and vomiting are 
often preceded by report by the patient of “feeling sick.” 
Oftentimes, vomiting is immediately preceded by sweat-
ing, salivation, agitation, and pallor change (Malamed, 
2010). Careful and slow titration technique, with close 
communication with the patient in regard to therapeutic 
effects, can prevent the sudden onset of nausea and 
vomiting.

Pretreatment with oral and rectal antiemetics has 
been suggested as a preventative measure to avoid the 
complications of nausea and vomiting during nitrous 
oxide–oxygen inhalation sedation. Various preparations 
are available and some are available by prescription 
only (Malamed, 2010). Many antiemetic agents are also 
potent sedatives, so the clinician must consider levels of 
permitting in regard to oral and parenteral dosing of 
such drugs. Selective serotonin (5‐HT3) receptor ago-
nists, such as oral dolasetron and ondansetron, do not 
have sedative effects (GlaxoSmithKline, 2014).

Management
Immediate management of the actively vomiting patient 
includes removal of the nasal hood and nitrous oxide 
delivery equipment, dental instruments, barrier and iso-
lation devices, and loose restorative materials in the 
patient’s mouth and oropharyngeal area. The clinician 
and assistant must provide active suction of the oro-
pharynx and turn the patient onto the right side (right 
lateral decubitus position) or simply turn the patient’s 
head to the side to prevent and minimize pulmonary 
aspiration. If possible, the dental chair should be placed 
in a Trendelenburg position to promote drainage out of 
the bronchi if pulmonary aspiration is suspected. After 
active vomiting has occurred, replacing the nitrous 
oxide hood to only administer 100% oxygen concen-
tration for 3–5 min may minimize continued nausea and 
vomiting.

Metabolic disturbances
Recent studies have investigated nitrous oxide’s effects 
upon metabolic processes. Specifically, the increased 
levels of serum homocysteine, the reduction of 

methionine synthetase, and folate deficiencies were 
extensively studied to determine cardiovascular risk to 
patients subject to nitrous oxide in noncardiac surgery. 
Certain patients with MTHFR deficiency, a genetic 
mutation that results in increased blood levels of 
homocysteine, have been postulated to have significant 
risk in developing venous and arterial thrombosis 
(Shay, Frumento, and Bastien, 2007). As of this 
writing, it remains unclear whether nitrous oxide con-
clusively poses an increased risk for experiencing an 
untoward cardiac event despite large‐scale studies 
(Myles et al., 2014).

The use of nitrous oxide–oxygen inhalation sedation 
is commonplace in pediatric dentistry (Udhya et al., 
2014). With the increasing rates of children diagnosed 
with autism spectrum disorder (ASD), several 
hypotheses explored exposure to nitrous oxide as an 
initiating event. However, any causal relationship has 
yet or will ever be established linking the methionine 
deactivating effect of nitrous oxide, prevalence of cobal-
amin deficiencies in children with autism, and genetic 
risk factors with nitrous oxide exposure (Rossignol, 
Genuis, and Frye, 2014).

Prevention
Patients diagnosed with hyperhomocysteinemia or 
mutations in the MTHFR gene should not receive 
nitrous oxide as part of their anesthetic regimen. 
Patients diagnosed with a cobalamin (vitamin B12) 
deficiency should also not receive nitrous oxide seda-
tion since cobalamin is a cofactor in the conversion 
of  homocysteine and methylenetetrahydrofolate to 
methionine and tetrahydrofolate (Baum, 2007). 
Patients who do not have the MTHFR deficiency can 
safely receive nitrous oxide as part of their anesthetic 
regimen without increased risk of untoward myocar-
dial effects (Myles et al., 2014).

Oversedation
Although unconsciousness is an extremely rare complica-
tion of nitrous oxide sedation, administration of nitrous 
oxide sedation past therapeutic levels is relatively common. 
When the patient no longer remains comfortable, cooper-
ative, coherent, and cognizant to dental treatment, the 
 clinician needs to recognize this as oversedation and rectify 
the situation before other complications arise. Ideal seda-
tion, as Malamed (2010) describes, includes the symptoms 
of a wave of warmth over the patient’s body, tingling of the 
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extremities, numbness of the oral cavity and other parts of 
the body, and a general feeling of heaviness. Clinical signs 
of ideal nitrous oxide inhalation sedation include a slow 
and regular respiratory rate, decreased heart rate and 
blood pressure to resting levels, peripheral vasodilation, 
and decreased muscle tone. As oversedation develops, a 
patient may report sleepiness, agitation, inappropriate 
laughing and weeping, sweating, or even dreaming and 
hallucinations. Observable signs by the clinician when 
patient becomes oversedated include increases in heart 
rate and blood pressure, lacrimation, an increased rate of 
respiration, and increased patient movement. Obvious 
oversedation by nitrous oxide presents with nausea and 
vomiting, unresponsiveness, and possible loss of con-
sciousness (Malamed, 2010).

Prevention
Careful and slow titration prevents oversedation. This 
entails continual verbal communication with a patient to 
assess levels of CNS depression and patient comfort. If the 
patient becomes incoherent because of repeated mouth 
closure, agitation, or any other signs or symptoms listed 
previously, efforts should be initiated to decrease levels of 
nitrous oxide until the patient displays signs and symp-
toms of ideal nitrous oxide inhalation sedation. Careful 
patient history documentation may also reveal the use of 
other anxiety‐reducing medications that can contribute 
to unpredictable oversedation.

Management
Oversedation, when recognized early by the clinician, is 
completely avoidable in most patients. However, 
particular priority should always be placed upon the 
possibility of nausea and vomiting with oversedation. 
Access to high‐volume suction and a saliva ejector 
should always be readily available during patient seda-
tion to suction the oropharynx of vomitus and prevent 
possible pulmonary aspiration. Be advised that even the 
same patient may respond to differing levels of nitrous 
oxide concentrations at subsequent appointments and 
that titration of the sedation is always recommended.

Reports of inappropriate sensory experiences
Both Malamed (Malamed, 2010) and Kaufman 
(Kaufman, Galili, and Furer, (1990) report instances 
of heightened sensory stimulation and even accusations 
of sexual abuse during the administration of nitrous 
oxide–oxygen inhalation sedation. With the nitrous 

apparatus in close contact with the patient’s body and 
possibility of profound euphoria, accusations against the 
clinician or auxiliaries of impropriety can and do arise. 
Reports of sexual phenomena, dreaming, and imagery 
also are associated with IV administration of sedatives 
with nitrous oxide (Brandner et al., 1997).

Prevention
Malamed (2010) reports three common criteria that 
place clinicians at risk:
1 Treatment of a patient alone without another witness 

in the operatory or dental setting
2 Administration of a high concentration of nitrous oxide
3 Failure to titrate the patient to prevent sedation 

beyond the range of therapeutic effect
Therefore, it is recommended that clinicians render 

treatment with another auxiliary or practitioner in the 
operatory or setting, avoid administration of high con-
centrations of nitrous oxide to patients, and avoid 
patient oversedation. Careful adherence to ensuring the 
presence of a reliable and objective witness to any form 
of treatment is prudent practice. Additionally, concise 
documentation of each sedation performance can pro-
vide reliable defense against false accusation.

Management
Unfortunately, once an accusation has been filed, mat-
ters will most likely demand legal counsel for clinicians 
and staff involved in the instance. Prioritizing preven-
tion should be the goal of management (Malamed, 
Serxner, and Wiedenfeld, 1988).

Common complications: moderate 
sedation and general anesthesia

Advanced forms of anxiety and pain control techniques 
in dentistry include enteral (oral) and parenteral 
moderate sedation. General anesthesia, or a drug‐induced 
loss of consciousness during which patients are not 
arousable, even by painful stimulation (ADA, 2012), is a 
readily employed technique of anxiety and pain control 
that often finds utility in pediatric dentistry, hospital den-
tistry, office‐based restorative and surgical procedures, 
and oral and maxillofacial surgery. Along with the com-
plications listed previously for minimal and moderate 
sedation pertaining to nitrous oxide–oxygen inhalation 
techniques, a multitude of complications can arise that 
extend beyond the scope of this discussion. However, the 
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most common and significant complications and 
management thereof will be outlined in the following.

Failure of moderate and deep sedation
Like the failure of inhalation sedation discussed previ-
ously, techniques that do not render patients unconscious 
carry a degree of unreliability and unpredictability in terms 
of providing adequate anxiety and pain control. Simply, 
not all procedures and surgical interventions are tolerated 
by all patients and a greater degree of anxiety and pain 
control may be required. Medicine acknowledges the 
unpredictability of the technique and even defines an 
insurance billing code—“Failed moderate sedation during 
procedure, initial encounter” that, as of this writing, has 
no counterpart in dentistry (ICD‐10 T88.52XA). In most 
cases, however, the use of moderate and deep sedation 
coupled with local anesthesia administration for office‐
based dental procedures results in less morbidity and faster 
recoveries than general anesthesia. In some patients 
where general anesthesia techniques cannot be tolerated, 
a moderate or deep sedation technique is a viable anes-
thesia technique for performing dentistry and oral and 
maxillofacial surgery (Svrakic et al., 2014).

Prevention
Again, careful patient selection and a thorough medical 
history are paramount in ensuring success with 
particular sedation techniques. In addition, most proce-
dures in office‐based dentistry rely on successful local 
anesthesia to augment pharmacologic depression of the 
CNS. Failure to achieve adequate local anesthesia in 
sedation techniques that do not produce significant 
amounts of analgesia will result in less than ideal patient 
comfort and acceptance. Some surgical procedures are 
simply too large in scope and exceed patient tolerance 
in terms of pain, discomfort, and duration.

The enteral route of administration of sedative medica-
tion can be unpredictable. Unlike the parenteral routes of 
administration where blood levels do not undergo hepatic 
first‐pass metabolism, oral dosing of sedative medications 
are subject to varying rates of gastric emptying, variations 
in splanchnic circulation, biological variation in hepatic 
metabolism, and delayed onset of action. Attempts to 
“orally titrate” sedatives for patients undergoing dental 
procedures (incremental dosing) can result in over‐ or 
undersedation and therapeutic endpoints that are less 
than ideal. More importantly, the onset of multiple doses 
after an unpredictable period of time may result in an 

unintended loss of consciousness. In regard to patient 
safety and practitioners being able to “rescue” patients 
from unintended loss of consciousness, various authors 
have recommended additional training in various tech-
niques of airway management and emergency response if 
multiple oral doses of sedative medications are planned 
(Dionne et al., 2006). The American Dental Association 
(ADA), in its 2012 Guidelines for the Use of Sedation and 
General Anesthesia by Dentists, in reference to the unpre-
dictable nature of incremental and supplemental dosing 
in enteral minimal and moderate sedation, advises practi-
tioners to not exceed the MRD or 1.5 times the MRD for 
minimal to moderate sedation, respectively (ADA, 2012).

Management
When moderate to deep sedation fails, several options can 
be considered. If the clinician is permitted and trained to 
do so, converting the sedation technique to general anes-
thesia will provide a predictable level of anesthesia and 
analgesia. If general anesthesia is not a viable option, lim-
iting procedure length and complexity should be consid-
ered. Additionally, alternate forms of anxiety and pain 
control must be considered with modifications to proposed 
treatment.

Unintended loss of consciousness
According to Weaver, the most common emergency in 
sedated patients is related to airway and respiratory prob-
lems (Weaver, 2010). When a moderately sedated patient, 
regardless of the route of drug administration, becomes 
unresponsive and enters a level of sedation that is unin-
tended, it is imperative for the clinician to rescue and man-
age that patient from potential loss of airway reflexes and 
possible respiratory depression. The American Society of 
Anesthesiologists, in their Guidelines, recommends that 
moderate sedation practitioners have the capability to 
rescue patients who enter deep sedation, and those clini-
cians who administer deep sedation be able to rescue a 
patient entering general anesthesia (ASA, 2002).

Prevention
Clinicians utilizing enteral or parenteral moderate seda-
tion for office‐based dental procedures are advised to 
use sedative medications with a wide margin of safety 
or a wide therapeutic index that would make it unlikely 
to render a patient unconscious. These include medica-
tions such as oral benzodiazepines, parenteral benzo-
diazepines, and mild or moderately potent opioid 
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analgesics. An added margin of safety is afforded by 
these two classes of drugs having reversal agents that 
act as antidotes to their actions. Drugs such as metho-
hexital, ketamine, propofol, alfentanil, and remifent-
anil are not recommended for practitioners permitted 
to the level of providing moderate sedation because of 
their narrow therapeutic index and, with certain drugs, 
an inability for their CNS depressant effects to be 
reversed pharmacologically. Nevertheless, clinicians 
providing any level of sedation should be current in 
basic life support techniques that include the 
management of patients who are unconscious and not 
breathing (ADA, 2012). In operatory resuscitation 
equipment (bag‐valve‐mask resuscitators, supple-
mental oxygen, airway adjuncts, and automatic 
external defibrillator) should be immediately available, 
and clinicians and staff must be familiar with summon-
ing emergency medical services.

Patient monitoring remains at the forefront of pre-
vention of sedation disasters. With the advent of pulse 
oximetry in the mid‐1980s, early recognition of hypoxia 
and decreases in oxygenation are rapidly determined. 
The regular use of exhaled carbon dioxide monitoring, 
capnography, is encouraged as an additional monitoring 
parameter to assess a patient’s quality of respiration and 
to provide a quantitative value for exhaled gases. 
Pretracheal stethoscopes serve as immediate indicators 
of a patient’s respiratory quality, and it can serve as a 
direct monitor of airway patency or obstruction through 
direct auscultation (Figures 6.2 and 6.3).

Management
Rescuing a patient from an unintended level of sedation 
requires rapid recognition and prior development of a 
treatment plan. Priority must be placed upon ensuring 
adequate ventilation and oxygenation in a patient that 
has diminished respiratory effort or an obstructed 
airway. The recommended AHA guidelines on 
performing rescue breathing—including positioning, 
head‐tilt/chin‐lift or jaw‐thrust maneuvers, and 
attempts at positive pressure ventilation—should be 
accompanied by consideration of administering reversal 
medications such as naloxone for opioid‐induced 
respiratory depression and flumazenil for benzodiaze-
pines. Management is best handled with a team 
approach, and various members of that team should be 
designated for certain tasks such as summoning EMS, 
obtaining rescue equipment, and patient monitoring.

Intravenous access complications

The clinician utilizing the parenteral route of drug 
administration via peripheral IV access must be aware of 
the potential complications that can range from minor 
irritation to long‐term injury and permanent damage. 

Figure 6.2 Pictured are (from top to bottom) (1) electrocardio-
gram (ECG) displaying normal sinus rhythm (NSR) and a 
cardiac rate of 69 beats per minute (bpm), (2) plethysmograph 
showing regular pulsatile waveform and oxyhemoglobin 
saturation at 99%, (3) capnograph displaying data from a 
sampling nasal cannula with a reading of 31 cm H

2O of 
exhaled carbon dioxide and a respiratory rate of 11 bpm, and 
(4) a noninvasive blood pressure (NIBP) reading of 126/57 
and a mean arterial pressure of 85 mmHg. Photos 
(Capnography, Pulse Oximetry, Pre‐tracheal stethoscope).

Figure 6.3 An amplified, electronic pretracheal stethoscope to 
monitor breath‐to‐breath respirations in a sedated patient. 
Photos (Capnography, Pulse Oximetry, Pre‐tracheal 
stethoscope).
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Extravasation, infiltration, and phlebitis are common 
complications of IV access that can be managed effec-
tively in an office‐based setting. Unintended intra‐
arterial injection is a relatively rare complication that 
can lead to permanent tissue damage and possible loss 
of a peripheral limb or digit.

Extravasation and infiltration
Extravasation of a peripheral IV has been defined as the 
inadvertent administration of a vesicant medication or 
solution into the surrounding tissues. Infiltration is the 
leakage of a nonvesicant drug into the surrounding tis-
sues (Dougherty, 2008). A vesicant drug, in these defini-
tions, is a medication or solution that can cause blisters 
with subsequent tissue necrosis (Goolsby and Lombardo, 
2006). During dental treatment under parenteral 
moderate sedation or deep sedation, it is not uncommon 
for a patient to move while an IV line is connected to a 
peripheral vein. This movement can contribute to loss of 
patency to an established peripheral IV access point. At 
best, this complication leads to minor irritation if 
managed accordingly, yet serious complications such as 
full‐thickness skin loss and muscle and tendon necrosis 
have been reported (Dychter et al., 2012).

Prevention
Preventing extravasation or infiltration first requires 
consideration of an IV access site. Avoiding areas that 
are joints or sites prone to patient movement will aid in 
preventing mechanical dislodgment of the cannula. 
Forearms or large straight veins on the dorsum of the 
hand are preferred over joints, such as the antecubital 
fossa, because of the potential for movement in this 
area. Rigid arm board fixation devices also aid in pre-
venting unwanted patient movement. It is advisable to 
also choose an appropriate gauge of cannula to accom-
modate good fluid flow and rapid drug administration 
without compromising vessel integrity. Dougherty also 
recommends avoidance of using a steel‐winged infusion 
device, also known as a “butterfly” needle (Dougherty, 
2008). Generally, this implies using the smallest possible 
flexible indwelling cannula to accommodate the 
intended therapy and potential for emergency interven-
tion. Second, choosing an access site not directly distal 
to a previous venipuncture site or a failed attempt site 
can prevent extravasation from previous or existing 
vessel wall injuries. Firmly securing and adequately 
dressing the IV cannula and attached fluid lines also 

contribute to lowering the risks of infiltration and leak-
age at the site of access.

Recognition and management
Various signs and symptoms of extravasation and infil-
tration may present clinically. Initial recognition most 
often begins with a noticeable reduction in IV fluid flow 
despite an earlier well‐flowing access site. If the patient 
is still able to perceive painful stimuli, reports of pain 
and discomfort may accompany the extravasation or 
infiltration site. The cannulation site may be swollen 
with blanched, taut skin due to the fluid invading the 
interstitial space. IV fluid and medications may also leak 
from the IV insertion site. If the patient is able to report 
symptoms, extravasation will be accompanied by symp-
tomatic burning and stinging, followed by blistering, 
tissue necrosis, and ulceration (Dychter et al., 2012).

The clinician should check for the presence of a tour-
niquet inadvertently left on the patient’s limb as well as 
checking for clothing that can act as a tourniquet as this 
can impede fluid flow. Once this complication has been 
identified, fluid flow should be stopped and the IV tub-
ing should be disconnected and the catheter left in place 
if the infusate is irritating to tissues. Aspiration of irri-
tating drugs can be accomplished through the still‐intact 
catheter if needed. Raising the affected limb and placing 
warm compresses can promote vasodilation and 
enhance dispersion of the extravasated drug. Conversely, 
application of cold to the affected area can help isolate a 
vesicant that may cause further tissue damage (Dychter 
et al., 2012). Infiltration may be accompanied by bruis-
ing and additional bleeding into the extravascular space 
that can be controlled with direct pressure until bleeding 
stops. If significant tissue damage is anticipated or is 
encountered, immediate referral to an appropriate spe-
cialist is recommended. If the safety of the procedure is 
contingent upon vascular access, another IV access site 
should be considered and thorough documentation of 
the complication, intervention, and management 
entered into the patient record.

Intra‐arterial injection
Iatrogenic intra‐arterial injection of medications during 
sedation or general anesthesia can result in serious 
injury to the patient. Reports of gangrene, limb ischemia, 
skin necrosis, and amputations are direct consequences 
of drugs traveling distally from the site of cannulation 
(Sen, Chini, and Brown, 2005). The severe sequelae and 
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drastic impairment often develop rapidly after the com-
plication occurs, and intra‐arterial injection can occur in 
any venue, including office‐based dental settings, where 
IV access is commonplace.

Prevention
The accidental cannulation of peripheral arteries can be 
identified by observance of the following: presence of 
bright, red blood into the IV catheter, pulsatile 
movement of blood into the IV tubing, and backflow of 
blood into the IV tubing despite significant fluid column 
(IV fluid bag) height. Additionally, care must be taken to 
ensure arterial cannulation has not occurred in an ana-
tomical area where arteries and veins are in close 
proximity to one another, such as in the antecubital 
fossa or the wrist (Ghouri, Mading, and Prabaker, 2002). 
Certain patient populations may carry a higher risk for 
accidental intra‐arterial injection than others, and a 
higher degree of care must be exercised when obtaining 
IV access. These include patients who are morbidly 
obese, patients with dark skin pigmentation, patients 
with thoracic outlet syndrome (vanishing radial pulse 
with abduction/internal rotation of the arm), or patients 
with vascular abnormalities in the limbs. Additionally, 
patients who are unable to report symptoms of pain, 
such as those under deep sedation or general anesthesia, 
are at increased risk for intra‐arterial injection (Sen, 
Chini, and Brown, 2005).

Recognition and management
If intra‐arterial injection is identified prior to the 
administration of medications, the clinician must 
remove the catheter and apply direct pressure to the 
access site to minimize formation of a hematoma and 
prevent ecchymosis (bruising). If medications are 
infused, immediate reports of pain and severe dis-
comfort distal to the site of injection are often 
expressed by patients. These symptoms may be fol-
lowed by paresthesia and involuntary movement that 
may be accompanied by changes to the affected limb’s 
skin. Finally, areas distal to the site of injection may 
be damaged by tissue necrosis and permanent alter-
ations in motor control, sensory deficits, and the 
onset of chronic pain.

If intra‐arterial injection is diagnosed in an office‐
based setting, the clinician must consider transporting 
the patient to an appropriate hospital‐based setting for 
acute management and attempts to preserve the affected 

limb occur immediately. Management remains largely 
empirical and prospective studies regarding appropriate 
therapy are sparse. Sen, Chini, and Brown (2005) do, 
however, maintain a list of recommendations for 
managing this complication that include the following:
1 Maintain the intra‐arterial catheter to provide access 

to therapeutic agents, allowing arterial sampling, and 
provide rapid access for angiography.

2 Identify the progress of the disease to provide a metric 
for further development of the injury.

3 Initiate anticoagulation to preserve circulation in the 
distal area.

4 Institute symptomatic relief and plan for 
rehabilitation.

5 Treat with antibiotics when indicated.
6 Perform specific interventions, such as local anes-

thesia intra‐arterial injection with procaine or lido-
caine to reperfuse the area, performance of 
sympatholysis (stellate ganglion or axillary plexus 
blocks) to decrease vasospasm, hyperbaric oxygen 
therapy, or initiate administration of arterial vasodila-
tors and thrombolytics.
The authors have also reported comorbidities affecting 

the venous system after accidental intra‐arterial injec-
tion. With the associated problems of vasospasm and 
immobility of the limb, deep vein thrombosis, 
compartment syndrome, and prolonged pain can 
warrant continued monitoring with ultrasound imaging 
(Hoehenstein et al., 2014).

Phlebitis
Phlebitis is an inflammation of the wall of a vein. In the 
context of IV access in moderate sedation and general 
anesthesia, the usual etiology is from the IV access itself 
or the medications infused through the vein. Bacterial 
infection at the site of cannulation and entry of bacteria 
into the bloodstream via peripheral IV lines can also 
develop into phlebitis (Loftus et al., 2012a). If the 
inflammation is caused by a blood clot, the condition is 
termed thrombophlebitis.

Prevention
According the US Centers for Disease Control, avoid-
ance of a lower extremity IV site in adults will lower the 
risk of phlebitis (Grady et al., 2011). Although rare in 
office‐based and ambulatory surgical care settings, the 
CDC also recommends that the duration of catheteriza-
tion should not exceed 72–96 h to reduce the risk of 
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developing phlebitis. Larger bore IV (16–20 gauge) can-
nulas inserted into a short, narrow lumen veins increase 
the risk of phlebitis as well as the choice of cannula 
material. Dychter et al. recommend catheters made of 
polyurethane (PEU) rather than those constructed from 
tetrafluoroethylene–hexafluoropropylene (Teflon™) to 
further reduce the risks of developing phlebitis (Dychter 
et al., 2012). The common medications used as sedatives 
for dental treatment also contribute to the inflammation 
of peripheral veins. IV barbiturates, with their high pH, 
can irritate vessels. Diazepam, meperidine, beta‐lactam 
antibiotics, barbiturates, etomidate, and propofol have 
also been implicated in the development of phlebitis due 
to various factors that include extremes in pH, osmo-
lality, and size of particulate matter in solution (Dos Reis 
et al., 2009). Proper and strict adherence to aseptic tech-
nique may also aid in preventing bacterial infection and 
entry of bacteria into the bloodstream due to catheter 
insertion and peripheral IV line establishment. Recent 
investigations into the use of stopcocks in IV lines point 
to an increased risk of bacterial reservoirs and infectious 
transmission to the patient (Loftus et al., 2012b).

Recognition and management
Typically, a patient will develop redness, tenderness, 
 erythema, and a palpable venous cord at the site of can-
nulation. The course of inflammation will travel along 
the trajectory of the affected vein and migrate proximal 
to the site of cannulation. When possible, the IV access 
site should be discontinued and no further medications 
infused through that vein. In some cases, cannulation 
and resultant tissue injury have resulted in chronic 
 neuropathic pain (Gohil and Balasubramanian, 2012). 
Anti‐inflammatory drugs, corticosteroids, and heparin 
have all been considered acceptable therapies, along 
with an application of heat to encourage vasodilation 
and increased perfusion to the site of inflammation 
(Dychter et al., 2012). Topical nitroglycerin has also 
been suggested as a therapy to encourage increased 
 perfusion to the site (Tjon and Ansani, 2000). If infec-
tion is suspected, aggressive and prompt administration 
of oral and parenteral antibiotics is warranted (Tagalakis 
et al., 2002).

Negative pressure pulmonary edema
Negative pressure pulmonary edema (NPPE), a relatively 
rare complication of general anesthesia where inspira-
tory negative pressure generated during complete 

glottic closure produces significant pulmonary edema, 
can occur minutes to an hour after first presentation of 
laryngospasm. Intrathoracic negative pressures can 
reach up to –140 cm of H2O and the resultant pulmonary 
edema is produced by multiple factors that include 
increased venous return, adrenergic and hypoxic 
pulmonary vasoconstriction, and increased interstitial 
pressure (Udeshi, Cantie, and Pierre, 2010). Clinical 
presentation includes frank hypoxia, tachypnea (rapid, 
shallow breathing), tachycardia (increased heart rate), 
rales (audible “crackles” upon inspiration), audible 
wheezing, and oftentimes the presence of pink, frothy 
secretions visible in the oropharynx.

Prevention, recognition, and management
Prevention of general anesthesia‐related NPPE includes 
prompt treatment of laryngospasm or complete airway 
obstruction through several approaches. Paradoxical 
chest movement in response to airway obstruction, tra-
cheal “tugging,” frank hypoxia, absence of ventilatory 
patency, and absence of an end‐tidal carbon dioxide 
waveform are all signs and symptoms of complete airway 
obstruction during sedation and general anesthesia 
(Louis and Fernandes, 2002). Early recognition is a key 
component in preventing NPPE, and efforts should be 
directed at ensuring adequate levels of anesthesia to pre-
vent laryngospasm that may involve the use of depolar-
izing or nondepolarizing muscle relaxants, rapid increase 
in the depth of anesthesia for adequate mask ventilation, 
and, if employing an endotracheal or nasotracheal tube, 
a fully awake patient prior to extubation. Management 
includes positive pressure ventilation once the obstruc-
tion is removed or laryngospasm is managed. Careful 
consideration should be given to the use of diuretics to 
reduce pulmonary edema, although the use of diuretics 
can exacerbate hypovolemia and hypoperfusion. 
Steroids can also be considered to lessen the inflamma-
tion of damaged capillaries and alveoli (Udeshi, Cantie, 
and Pierre, 2010).

Malignant hyperthermia
Malignant hyperthermia is a heritable, hypermetabolic 
condition affecting the muscles. It is an autosomal dom-
inant myopathy that produces sustained and prolonged 
muscle hypermetabolism and is characterized by 
increased body temperature, tachycardia, masseter 
muscle spasm, generalized muscle rigidity, hypercarbia, 
tachypnea, rapid increases in exhaled carbon dioxide, 
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elevated creatine kinase, and respiratory and metabolic 
acidosis. The agents implicated in the triggering of 
malignant hyperthermia episodes in susceptible individ-
uals are depolarizing muscle relaxants (succinylcholine) 
and volatile inhaled anesthetics used for general anes-
thesia (Larach et al., 2010).

Recognition and management
Initial presentation after induction of general anesthesia 
and introduction of triggering agents can occur immedi-
ately to 90 min into the anesthetic. One of the first 
clinical signs of malignant hyperthermia is hypercarbia 
as evidenced by increases in end‐tidal, or exhaled, 
carbon dioxide. The presentation pattern may also be 
followed or accompanied by masseter muscle spasm, 
generalized muscle rigidity, rhabdomyolysis, renal 
failure, hypotension, cardiac arrhythmias, and sinus 
tachycardia. New data has been presented that identifies 
temperature abnormalities can indeed be an early sign 
that typifies a malignant hyperthermia episode given 
that practitioners employ consistent and reliable tem-
perature monitoring prior to and during general anes-
thesia (Larach et al., 2014). Left untreated, the condition 
is often fatal and patient mortality usually results from 
lethal dysrhythmias and cardiac arrest.

Upon suspicion or recognition of a malignant hyper-
thermia episode, prompt treatment includes immediate 
discontinuation of triggering agents along with the 
administration of IV dantrolene at 2 mg/kg of patient 
weight and repeated every 5 min. Dantrolene, a hydantoin‐
derived skeletal muscle relaxant, is available as a 
powder that must be reconstituted with sterile water 
prior to IV administration. Normal saline or other dil-
uents will not reconstitute this specific drug. If a closed 
anesthesia circuit was used to initiate general anes-
thesia, the breathing circuit and associated equipment 
should be switched out to circuits that contain no 
trace volatile anesthetics. Management of hypercarbia 
and acidosis will include increased mechanical venti-
lation rate and volume, initiating hyperventilation, 
and may also include consideration of the 
administration of IV sodium bicarbonate. Increased IV 
fluid loading, mannitol and furosemide diuresis, 
glucose and insulin administration, and adjunctive 
vasopressors and management of dysrhythmias have 
been shown to be effective in the treatment of 
 malignant hyperthermia as well (Larach et al., 2010). 
Active cooling with ice packs and gastric lavage is 

recommended, and immediate transport from an 
office‐based or ambulatory care setting to a hospital is 
advised (Schneiderbanger et al., 2014).
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Preoperative complications

Treatment planning complications
Compromised interdental space
It is important to take accurate measurements of the 
intertooth space to plan for the appropriate size implant. 
A minimum intertooth space of 7 mm is required to 
place a standard 3.75–4.1 mm diameter implant. There 
are times when the interdental space is too small to 
place an implant or too large for one implant but too 
small for two implants. Some studies (Tarnow et al., 
2003) have found that the distance between two 
implants should be at least 3 mm in order to preserve 
the interdental bone. It is also recommended that there 
be 1.5 mm between the implant and the tooth to main-
tain bone adjacent to the teeth and 1 mm between the 
implant and the tooth when using platform‐switched 
implants (Vela et al., 2012). Inability to perform good 
oral hygiene, compromised papilla on the adjacent 
tooth, persistent inflammation, bone loss, and pain may 
arise when the implants are placed in a compromised 
intertooth space (Figure 7.1).

It is also important to not only measure the distance 
between the roots but also at the crowns. The crowns 
may encroach into the edentulous space and make it 
difficult to maneuver instruments.

Prevention and management
Proper planning with diagnostic images (e.g., with a 
radiographic stent made from a diagnostic wax‐up) 
and study casts can prevent placing an implant in an 
inadequate space. If there is insufficient space to place 

a standard‐sized implant, other options should be con-
sidered such as:
1 Insert an implant with a narrower diameter.
2 Place a fixed partial denture instead of an implant.
3 Enlarge the space by orthodontically moving the 

adjacent teeth. If the distance between the crowns is 
minimal, reducing the proximal surfaces of the 
crowns can sometimes create enough space to allow 
placement of the implant (Greenstein and Cavallaro, 
2010, p. 406). This reduction can also flatten the con-
vexity of the proximal surfaces, broaden the contact 
with the implant‐supported prosthesis, and minimize 
food impaction.

Malposition of the implant in the esthetic area
Malposition of an implant can lead to compromised 
esthetics. When teeth are lost in the esthetic zone, there 
are many factors that the clinician must evaluate (Belser, 
Bernard, and Buser, 2003):

•  Mesiodistal dimension of the edentulous area:
 ◦ It is more difficult to gain a papilla between two 

adjacent implants than a natural tooth and an 
implant. It is not recommended to place a central and 
lateral implant adjacent to one another.

•  Three‐dimensional radiographs of the site:
 ◦ Cone‐beam scans allow for three‐dimensional 

radiographic examination of the implant site, which 
can reveal facial bone thickness, bone density, bone 
contours, presence of pathology on adjacent teeth, 
and proximity of adjacent anatomical structures 
such as nerves, vessels, bony undercuts, and the 
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proximity of the maxillary sinus and nasal floor. The 
aforementioned information can allow for more 
predictable treatment planning and presurgical 
preparation.

•  Neighboring teeth (e.g., tooth dimensions, interproxi-
mal bone levels, restorative status, endodontic 
pathology, form, position, and orientation; periodontal/
endodontic status; length of roots; bone level that will 
affect papilla fill; and crown‐to‐root ratio):

 ◦ They help dictate where the implant will be placed.
 ◦ Does site development need to be done before 

implant placement?
•  Interarch relationships (e.g., vertical dimension of 

occlusion, interocclusal space, choosing between 
screw‐retained or cement‐retained implant crown, 
and necessity of odontoplasty of adjacent or 
opposing teeth).

•  Esthetic parameters (e.g., height of upper smile 
line, lower lip line, occlusal plane orientation, 
dental and facial symmetry, and esthetics of contra-
lateral tooth).

•  Patient expectations:
 ◦ Problems arise when the patient does not have 

ideal conditions for implant placement (e.g., bone 
quality) and still has high expectations (Klokkevold, 
2006, p. 1182).

•  Plaque control.
•  Infection at or near the site where the implant will be 

placed.
•  There is a greater chance of postoperative 

complications.
•  Immunocompromised patient (i.e., any general 

health issue that lowers resistance to infection).

•  Are the patient’s anterior teeth triangular or highly 
scalloped with a thin biotype?

 ◦ These cases are harder to manage because there is a 
greater risk of midfacial recession and loss of the 
interdental papilla.

 ◦ Phonetic problems may result when the implant 
prosthesis is made with unusual palatal contours due 
to malpositioning of the implant (Klokkevold, 2006, 
p. 1189).

Prevention
A surgical stent and CT scans are essential in the preven-
tion of implant malpositioning (Figure 7.2). A parallel 
pin can be placed in the osteotomy and an X‐ray taken 
to ensure proper angulation of the implant after the 
pilot drill has been used. If a correction is needed, it can 
be done before further drilling is done.

Thin (≤1 mm) buccal walls are found in most extraction 
sites in the anterior maxilla (Huynh‐Ba et al., 2010). In 
most clinical situations, if less than 2 mm of facial bone 
thickness is predicted, augmentation procedures are 
necessary to attain sufficient bony contours around the 
implant (Chen and Buser, 2010, p. 142). Studies have 
also found that the insertion of a soft tissue graft at the 
time of immediate implant placement in the esthetic 
zone can be advantageous (Grunder, 2011).

Implant positioning
Apicocoronally the implant should be placed 1 mm apical 
to the cementoenamel junction of the adjacent tooth in 
patients who do not have gingival recession (Table 7.1) or 
3 mm apical to the final buccal gingival margin of the 

Figure 7.1 An implant placed less than 
1.5 mm from the adjacent surface has lost 
bone on that surface. The patient’s poor oral 
hygiene has also likely contributed to the 
bone loss.
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implant restoration. If the implant is placed too deep, 
recession may occur and the gingival harmony may be 
disrupted. If the implant is too shallow, the metal margin 
may be visible. Deep implant placement may be caused 
by the surgeon wanting to ensure he achieves primary 
stability in immediate loading situations. Studies show 
that immediately loaded implants are placed 0.3 mm 
deeper than early loaded implants (Ganeles et al., 2008).

The implant should not be placed too facially to pre-
vent soft tissue recession. If the implant is placed too 
palatally, a ridge‐lap crown would need to be fabricated, 
which may be difficult for the patient to clean (Chen 
and Buser, 2010, p. 138). When the occlusion allows, 
the surgeon should place the implant using the cin-
gulum of the adjacent tooth as a guide, not the incisal 
edge. It may be prudent to avoid wide‐diameter implants 
in the esthetic area to reduce the likelihood of recession 
and allow for a more esthetic emergence profile.

Treatment
Depending on the extent of malpositioning, the 
implant may need modification of the restoration 
design. If the implant is severely malpositioned, it is 

favorable to remove the implant, start over, and inform 
the patient of the potential need for one or more 
regenerative procedures to prevent failure of the 
implant components.

A preparable ceramic abutment can be used in shal-
low placement situations. The ability to modify the 
crown‐implant margin for subgingival placement can 
help when there is inadequate soft tissue thickness with 
a poor emergence profile (Al‐Faraje, 2011, p. 74).

If recession has occurred, a connective tissue graft can 
be placed. However, once papillae have been lost, there 
are no predictable methods to regenerate them.

Limited jaw opening
The range of opening is 36 to 60 mm in women and 38 
to 65 mm in men without regard to overlap and overbite 
(Misch, 2008, p. 250). Temporomandibular joint disor-
ders can lead to limited jaw opening. The condyles are 
not able to move downward and forward the height of 
the articular eminence and therefore cause limited 
opening. Trismus causes limited jaw opening due to 
spasm of the muscles of mastication. Limited opening 
can complicate or prevent implant placement.

Low trauma surgical
principles Precise 3-D positioning

Slightly palatal positioning
to preserve KAT on the

labial

Use of a screw-retained
implant to prevent
subgingival cement

placement

A deeper placement of the
implant to allow the

superstructure to be hidden
and allow a gradual
emergence pro!le

Figure 7.2 Principles for preventing 
malpositioning errors in the esthetic zone. 
(Termeie (2013). Reproduced with 
permission from Quintessence Publishing 
Group Inc., Chicago, IL).

Table 7.1 Consequences of deep and shallow implant placement.

Deep (more common) Shallow

Bone loss and soft tissue recession because the load is supported by the weaker trabecular bone Poor emergence profile

Increased crown height Decreased crown height

Compromised papilla because the papilla is 100% present when the measurement from the interproximal 
point to the crest of bone is 5 mm or less. When the implant is placed subcrestal (>5 mm), the 
interproximal papilla may be absent (Tarnow et al., 2003)

Cover screw, implant, or abutment 
exposure → esthetic issues

Cement removal may be difficult
The bone above the implant may prevent complete seating of the prosthetic components

Data from Al‐Faraje (2011), p. 74.
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Figure 7.3 A root fragment resulting in implant failure. From left to right, in descending rows—Row 1: tooth #30 was extracted 
and was removed in multiple pieces. A ridge preservation bone graft was placed in the socket. Row 2: after 4 months of healing, 
the clinical and radiographic views. An implant was placed. Row 3: 4 months after implant placement, the implant was mobile and 
inflamed, with bone loss. Row 4, left: the implant was removed and the socket was debrided. Row 4, right: a fistula persisted after 
healing. A subsequent surgery revealed a thin root fragment on the buccal aspect of the mesial root socket. After removal of the 
fragment, an implant was later placed and was successful.
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Management
In cases where there is limited jaw opening, tilting the 
implants mesially allows easier access for the dentist. 
The dentist may want to use the indirect coping tech-
nique that needs less vertical space (Greenberg and 
Prein, 2002). If access for screw placement is limited, a 
cement‐retained implant prosthesis might be indicated 
(Rosen and Gornitsky, 2004).

Depending on the situation, control of symptoms of 
temporomandibular disorders with warm compresses, 
premedication with nonsteroidal anti‐inflammatory 
drugs, and muscle relaxants may be considered. In the 
placement of multiple dental implants, one should con-
sider starting with the most posterior implant so as the 
patient gets tired, the clinician is not “locked” out.

Retained root tips in the implant location
A retained root tip can lead to infection and peri‐ 
implantitis (Al‐Faraje, 2011) or even implant failure 
(Figure 7.3). However, it is important to note that a study 
in baboons found that the unintentional placement of 
dental implants into retained root fragments did not 
cause any clinical problems or histological signs of inflam-
mation (Gray and Vernino, 2004). A retained root tip or 
fragments may also result in poor bone healing, resulting 
in a fibrous‐osseous defect. This will cause the dentist to 
abort the implant placement and have the implant 
placement procedures be delayed by 2–3 months.

Prevention
If a root tip is suspected at a dental implant site, a CT 
scan should be performed to help determine its location. 
In many cases an implant can be placed 2–4 months 
after the root tip has been removed. Sometimes it is pos-
sible to remove the tip and perform the osteotomy in 
the same procedure (Al‐Faraje, 2011, p. 40).

Management/treatment
The implant site must be monitored for inflammation if 
the implant has been placed near a root tip.

Factors to consider are as follows:
1 If the root tip has had a previous endodontic 

procedure or shows sign of a periradicular lesion, it 
should be extracted, grafted, and replaced.

2 If the root tip is small and does not have a lesion, keep 
the osteotomy away from it. If the root tip is directly 
in the way of the osteotomy, remove the root tip and 
place the implant at the same time (if possible).

3 If the root is too close to the nerve and it can lead to 
more complications, keep the root tip as it is.

Periodontal considerations
Poor bone quality
Leckholm and Zarb (Brånemark, 1985; (Misch, 2008, 
p. 647)) classified the jaws according to bone quality 
and quantity (Table 7.2).

According to the Misch bone density scale, there are 
five types of bone (Figure 7.4):

Studies show that the greatest implant failure is in 
areas of the softest bone, especially in the maxilla 
(Misch, 2008, p. 645). Studies have found that the high-
est risk factor for implant failure is in type 4 bone found 
in the maxilla (Hutton et al., 1995 and Goiato et  al., 
2014). Another study found that of the 10% of the 1054 
implants placed in type 4 bone, 35% failed (Jaffin and 
Berman, 1991). However, another study found no 
difference in survival rates in marginal bone level bet-
ween implants positioned in the bone of various den-
sities after 1 year (Bergkvist et al., 2010).

Possible causes of poor quality of the bone are as 
follows:
1 Older patients with osteoporosis
2 Denture patients with maxillary resorption

Prevention
Avoid overheating the bone and allow the site to be 
irrigated. The use of internally irrigated drills can 
decrease heat.

Treatment
Use of surface‐treated implants was found in a sys-
tematic review to have lower failure rates than 
machined surface implants (Goiato et al., 2014). 
Additionally, there is the possibility of overengineering 

Table 7.2 Classification of bone quantity and quality.

Bone quantity Bone quality

A: The alveolar ridge is intact 1: Entire jaw is cortical bone

B: Moderate ridge 
resorption has occurred

2: Thick cortical bone surrounds a 
core of dense trabecular bone

C: Advanced residual ridge 
resorption has occurred

3: Thin layer of cortical bone 
surrounds a core of dense trabecular 
bone

D:Some resorption of the 
basal bone has occurred

4: Thin layer of cortical bone 
surrounds low‐density trabecular 
bone

E: Extreme resorption of the 
basal bone has transpired
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the case with more implants in type  4 bone. For 
example, if a case was planned to restore to the maxil-
lary first molar, the clinician can consider placement of 
an additional implant in the  second molar position.

Mucogingival defects around implants
Soft tissue grafting around implants is a controversial 
topic as depicted in Figure 7.5.

The etiology includes the following (Chu and Tarnow, 
2013):
1 Poor implant spatial placement
2 Horizontal biologic width creation
3 Incorrect abutment contour
4 Excessive implant diameter
5 Thin biotype

Soft tissue defects are common in patients with a thin 
biotype. Figure 7.6 describes the characteristics of a thin 
biotype.

Prevention
Recognition that a patient has a thin biotype will help 
the clinician plan for a more gentle extraction that facil-
itates ridge preservation. Immediate implants are not 
recommended in these patients. Studies showed that 
sites with a thin gingival biotype had greater changes in 
facial gingival levels than sites with a thick gingival bio-
type (Kan et al., 2011; Evans and Chen, 2008).

The implant should be placed with the buccal surface 
1.5 mm from the dental arch curvature (Chen and Buser, 
2010, p. 151). If the implant is placed too far facially, soft 
tissue grafting cannot remedy the recession.

Treatment
A connective tissue graft with a coronally advanced flap 
may be used to correct recession on the buccal mucosa. 
Studies have shown clinically significant improvement, 
but after 6 months the coverage shrank to a mean of 

Keratinized tissue around an
implant is important

Studies have shown increased gingival 
index scores, plaque index scores, bleeding 
on probing, and radiographic bone loss for 
implants with less than 2 mm of keratinized 

mucosa around the implants.

Keratinized tissue around an
implant is not important

Studies show a lack of adequate 
keratinized mucosa or attached mucosa 
around implants is not associated with 

increased bone loss.

Figure 7.5 The importance of keratinized tissue around implants. (Data from Bouri et al. (2008) and Chung et al. (2006)).

D1: Very dense cortical bone—may be found in the anterior mandible

• This bone allows for decreased stress to the apical third of the implant and shorter implants may be used.

D2: Thick, dense cortical bone on the crest and coarse trabecular bone within 
(anterior mandible)

D3: Thin, porous cortical bone and fine trabecular bone within (posterior 
mandible)

D4: Fine trabecular bone (anterior maxilla)

D5: Immature, nonmineralized bone (posterior maxilla)Figure 7.4 Five types of bone in the Misch bone 
density scale.
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66% (Burkhardt, Joss, and Lang, 2008). Another option 
is to remove the suprastructures and bury the implant by 
advancing the flap. Once healing has occurred, a small 
opening can be made, and the excess soft tissue can be 
moved to the buccal when replacing the abutment and 
crown (Chen and Buser, 2010, p. 150). To maintain the 
tissues in a healthy and stable position over the long 
term, the abutment‐crown contour should be flat or 
even undercontoured (Chu and Tarnow, 2013).

In cases where an immediate implant must be placed 
in thin biotype situations, a technique combining sub-
epithelial connective tissue graft and immediate implant 
placement and provisionalization is recommended to 
gain a more predictable soft tissue contour (Kan, 
Rungcharassaeng, and Lozada, 2005).

Patients with periodontitis
The topic is controversial. Figure  7.7 describes the 
opposing viewpoints on this topic.

Management
In patients with aggressive periodontitis, dental implants 
should be considered in the overall treatment plan 
(Klokkevold and Nagy, 2006, p. 700). However, there is 
a possibility of progressive bone loss around implants in 
regenerated bone in patients treated for aggressive 

periodontitis (Mendel and Flores‐de‐Jacoby, 2005). 
Hopeless teeth can be used to develop the site for 
implant placement. With patients who lack papilla and 
bone, an orthodontist can use forced eruption to regen-
erate the bone with up to 70% efficacy and soft tissues 
with up to 60% efficacy (Amato et al., 2012).

The surgeon must consider the following when 
assessing implant placement in patients with periodontal 
attachment loss (Rose and Minsk, 2004, p. 621):
1 Loss of attached gingiva
2 Deformities of the osseous structure
3 Poor contour of the soft and hard tissue
4 Change in embrasure space and papilla height

Poor patient compliance
Poor oral hygiene is a major risk factor for implant 
failure, and it should be addressed prior to dental implant 
treatment. The oral hygiene of the patient impacts the 
marginal bone stability around the implant (Quirynen 
and Teughels, 2003). One of the most important factors 
for long‐term success is good oral hygiene and mainte-
nance care. Plaque control by the patient with manual or 
powered toothbrushes as well as professional interven-
tion (oral hygiene instruction and mechanical debride-
ment) has been shown to be effective in reducing clinical 
signs of inflammation (Jepsen et al., 2015).

Minimal
attached tissue

Thin osseous
architecture

Long papilla
architecture

Thin
biotype

Unpredictable
ridge resorption
and soft tissue

contours
following
surgery

The gingiva is
scalloped

Figure 7.6 Characteristics of thin biotype. (Data from 
Al‐Faraje, 2011, p. 72).
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Management
Implants should not be an option for patients who appear 
uncooperative and are not compliant with oral hygiene 
instructions. If implants have already been placed and the 
patient is noncompliant, the risks and consequences 
must be explained to the patient and documented in the 
chart. Patients must understand and learn how to clean 
and care for their implants on a daily basis. It is the den-
tist’s responsibility to teach patients effective plaque con-
trol skills. If the skills have been mastered by the patient, 
but are not routinely practiced, then it is a compliance 
problem. Periodic maintenance visits are essential to 
remove plaque subgingivally. Three‐month cleaning 
recalls are recommended, especially for patients who 
have difficulties in performing the necessary plaque con-
trol skills (Armitage and Lundgren, 2008, p. 645).

Intraoperative complications

Damage to adjacent teeth
It is devastating when an implant hits an adjacent tooth. 
It not only compromises the tooth but also the implant. 
It may be caused by a lack of parallelism or incorrect 
positioning while inserting the implants (Lamas Pelayo 
et al., 2008). The adjacent tooth may be devitalized, 
need endodontic treatment, or even removal (Greenstein 
and Cavallaro, 2010, p. 405).

Prevention
Meticulous treatment planning with a surgical guide and 
cone‐beam CT images can help the clinician evaluate the 
space needed to place the implant. It is important to 

identify if the roots of adjacent teeth angulate into the 
space of the planned implant. Furthermore, it is helpful to 
take periapical radiographs with a guide pin (5 mm depth) 
during implant placement to ensure that the angulation is 
correct (Greenstein and Cavallaro, 2010, p. 406).

Treatment
Depending on the amount of damage to the adjacent 
tooth, the adjacent tooth may have to be adjusted 
(smoothed, restored), endodontically treated, or 
removed. The implant will have to be removed and 
repositioned.

Complications related to flapless surgery
The indications for flapless surgery are the following:
1 Sufficient keratinized mucosa.
2 No bone graft is needed.
3 Good quality and quantity of bone (allow assessment 

of morphology).
The surgeon must understand the risks and benefits of 

flapless surgery, depicted in Figure 7.8 (Brodala, 2009).
The flapless technique is “often more demanding than 

the conventional surgical approach (Brodala, 2009). 
Therefore, the use of flapless implant placement as a 
‘routine’ procedure in daily practice is not recom-
mended.” Another study found the flapless technique 
had more marginal bone resorption compared with the 
flap technique (Maló and Nobre, 2008).

Prevention
It is recommended that the surgeon use a surgical 
guide and three‐dimensional radiographs to prevent 
unwanted clinical outcomes. The dentist should sound 

Patients with implants and a history
of periodontal disease had a similar

survival rate as patients without
periodontal disease. Implant therapy

is a viable option.

A history of chronic periodontitis is
associated with greater long-term
probing depth, peri-implant bone

loss, and peri-implantitis. There is a
3× greater risk of mucositis, a 5×

greater risk of implant failure, and a
14× greater risk of peri-implantitis.

Figure 7.7 Periodontal disease and implants. (Data from Baelum and Ellegaard (2004), Karoussis, Kotsovilis, and Fourmousis 
(2007), and Swierkot et al. (2012)).
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the bone to verify that the bone in the surgical area is 
consistently of good quality with no osseous or soft 
tissue defects. There should be plenty of bone in all 
three dimensions of the implant because it is easy to 
cause a dehiscence or fenestration. A good guideline 
before flapless implant surgery is to have 2 mm of bone 
around the implant.

Management
There is a possibility that a dehiscence or fenestration 
may result while drilling. A flap should be raised to 
cover the defect with guided bone regeneration. The 
implant may need to be removed or buried when there 
is an esthetic compromise or when removal of the 
implant is indicated (Wilson, 2010, p. 353).

Implant hits a vessel
Arteries in danger of being damaged during implant 
placement are as follows (Al‐Faraje, 2011, p. 44):
1 Greater palatine
2 Nasopalatine/incisive
3 Lingual
4 Sublingual
5 Facial
6 Submental

Arterial damage at the floor of the mouth is usually a 
result of perforation of the lingual cortical plate.

Prevention
As previously mentioned, three‐dimensional radio-
graphs are essential in planning cases and preventing 
complications such as bleeding from a vessel following 
implant placement. The tip of periosteal elevators 
should always be placed on bone when reflecting flaps.

Management
Overall emergency management of bleeding from a 
damaged artery during surgery will depend on the skills 
and experience of the surgeon.

Bleeding from an artery can be managed in several 
ways (Al‐Faraje, 2011, p. 43):
1 Compression of the vessel
2 Crushing of adjacent bone into the artery to reduce 

the size of the arterial lumen
3 Electrocautery
4 Hemostatic agents, such as bone wax

It is essential to stop the ongoing procedure, place 
gauze at the bleeding site, and reassure the patient. It is 
important to have a trained assistant that won’t make 
comments to scare the patient. A local anesthetic (e.g., 
lidocaine) with epinephrine can be used temporarily to 
stop the bleeding.

Major bleeding from the floor of the mouth is a life‐
threatening situation with difficult access to the sublin-
gual space (Al‐Faraje, 2011, p. 47):
1 Call 911 at the first sign of swelling (possible 

respiratory compromise).
2 Apply pressure.
3 Explain the situation to the patient.
4 The vessel (if buried) should be ligated with the 

needle entering the tissue 6 mm away from the vessel 
on one side and exit 3 mm on the other side.

5 If the vessel can be isolated, close the lumen by plac-
ing a knot using sutures.

Implant hits a nerve
Nerve damage may arise intraoperatively (e.g., during 
osteotomy preparation or soft tissue manipulation) or 
postoperatively (e.g., from swelling of adjacent tissues, 
compression of the nerve). Postoperative nerve damage 

Decreased morbidity and
discomfort

No suturing required

No recession and bone resorption

No esthetic issues with raising a
!ap (anterior)

Preservation of the vascular supply

Decreased surgical time

Bone dehiscences and
fenestrations cannot be visualized

Anatomical landmarks and vital
structures cannot be viewed

The keratinized attached tissue
around the implant cannot be
manipulated to safeguard its ideal
dimensions 

Figure 7.8 Risks and benefits of flapless 
surgery. (Data from Brodala (2009)).
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does not require immediate intervention (Pi‐Anfruns, 
2014). There are three types of nerve injuries 
(Greenstein and Cavallaro, 2010, p. 403):
•  Neuropraxia:

 ◦ The least serious. Sensation returns about 1 month 
after compression of the nerve. The axon is intact.

•  Axonotmesis:
 ◦ The nerve structure is not altered but there is 

ischemia, demyelination, and edema. Some sensation 
may return in 5–11 weeks with improvement within 
the next 10 months. Some axons may be damaged.

•  Neurotmesis:
 ◦ The nerve is altered (loss of continuity) and no 

signal can travel through the nerve. A surgery is 
needed to repair the nerve.

The following are symptoms of nerve injury (Al‐
Faraje, 2011, p. 25):
1 Paresthesia—atypical sensation
2 Hypoesthesia—reduced sensation
3 Hyperesthesia—increased sensation
4 Dysesthesia—painful (unpleasant) sensation
5 Anesthesia—absolute loss of sensation
The inferior alveolar nerve is the most commonly 
injured nerve (64.4%), followed by the lingual nerve 
(28.8%) for all types of oral and maxillofacial surgery 
(Tay and Zuniga, 2007).

More symptoms
1 Pain
2 Biting the cheek or tongue
3 Drooling

Prevention
Preventing nerve damage requires proper planning by 
the surgeon (i.e., cone‐beam CT and knowledge of the 
anatomy at the implant site). A three‐dimensional 
radiograph should be taken when important anatom-
ical structures are in the area of the osteotomy. Drill 
guards can be used to prevent unwanted deep penetra-
tion in the osteotomy site (Greenstein and Cavallaro, 
2010, p. 403).

Lingual nerve: The nerve can be as close as 5 mm apical to 
the distal lingual line angle of lower second and third 
molars. It is essential to place the elevator between the lin-
gual plate and the flap. Any damage to the lingual nerve 
can cause a loss of sensation to the anterior two‐thirds of 
the ipsilateral half of the tongue (Rateitschak and Wolf, 
1995). Incisions should be in the retromolar pad area 

(occlusal surface), and lingual vertical incisions should not 
be made distal to the first molar.

Inferior alveolar nerve: The implant should be placed 
2 mm above the inferior alveolar canal. The following 
are some signs of inferior alveolar canal involvement 
when deciding to extract a tooth and place an implant 
(Farnad, 2014):
1 Darkening and notching of the root
2 Deflected roots at the region of the canal
3 Narrowing of the root
4 Interruption of the canal outline
5 Diversion of the canal from its normal course
6 Narrowing of the canal outline

Mental nerve: Clinicians should be mindful of the ante-
rior loop of the mental nerve. It can be 3 mm anterior to 
the mental foramen (Al‐Faraje, 2011, p. 27). The clini-
cian should avoid incisions on the buccal aspect of the 
lower bicuspid area.

Anterior palatine/nasopalatine nerves: The chance for 
paresthesia is rare; however, the clinician should avoid 
incisions in the incisive papilla area and protect the flap 
with a periosteal elevator when doing surgery.

Management
The following tests need to be done by the dentist after 
a nerve injury has occurred:
1 Two‐point discrimination.
2 Static light touch.
3 Brush stroke.
4 Vibrational test.
5 A map of the affected site must be drawn.

Patients should get a second opinion within the first 
3 weeks of nerve injury. If a patient is numb for greater 
than 16 weeks, the nerve was likely disrupted and needs 
to be repaired (Greenstein and Cavallaro, 2010, p. 403)

Appropriate scans will be needed and the implant(s) 
will have to be removed. The patient needs to be care-
fully monitored following removal of the implants 
(Greenwood and Corbett, 2012). If the surgeon decides 
to let the implant remain without placing a crown, a 
traumatic neuroma may form, which can be painful 
(Greenstein and Cavallaro, 2010, p. 403).

Fractured jaw
The following are symptoms of mandibular fracture 
after implant placement (Al‐Faraje, 2011, p. 81):
1 Fracture when there has not been trauma
2 Occlusal change
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3 Swelling
4 Pain

Some studies found that mandibular fractures 
occurred 0.05% of the time in mandibles with a height 
of 10 mm or less, as measured at the mandibular sym-
physis. Other reasons fractures may occur 1 year or 
more after implant placement include peri‐implantitis 
and trauma (Soehardi et al., 2011).

Prevention
A cone‐beam scan should be done on patients with 
atrophic mandibles to be able to determine the quality 
and quantity of bone at the site. After preparing the 
osteotomy, a few millimeters of cortical bone should 
remain on both the lingual and the labial sites 
(Chrcanovic and Custódio, 2009).

Bone grafting procedures (e.g., block graft or guided 
bone regeneration) may be done prior to the insertion 
of the implants to increase the bone strength and 
volume. Shorter abutments can minimize the stress on 
the implants, and the surgeon should refrain from 
excessive tightening of the implant (Al‐Faraje, 2011, 
p. 81). Wide‐diameter implants should be avoided in an 
alveolar ridge with significant horizontal resorption.

Treatment
There are a number of considerations that the surgeon 
must evaluate in deciding to whether remove or retain 
the implant (Al‐Faraje, 2011, p. 81):
1 The stability of the implant
2 The importance of the implant to the overall treatment 

plan
3 Presence or absence of infection
4 Mobility of the fractured bone (Greenstein and 

Cavallaro, 2010, p. 412)
The following are treatment options for fractured 

mandibles (Soehardi et al., 2011):
1 Closed reduction (immobilization)
2 Rigid fixation using osteosynthesis plates
3 Bone grafts with fixation
4 Occlusal restoration

Complications were found in 48% of the patients who 
had implant‐associated fractures. These included non-
union, osteomyelitis, screw loosening, plate fracture, and 
dehiscences with subsequent infections (Soehardi et al., 
2011). It is difficult to treat fractures because of the 
diminished blood supply to the site and the depressed 
vitality of the bone (Chrcanovic and Custódio, 2009).

These patients need to be placed on a soft diet and 
trained to limit jaw movements (Al‐Faraje, 2011, p. 81).

Implant fracture
Implant fracture may occur during implant surgery or 
postoperatively. Studies have shown that the incidence 
of implant fractures in an implant‐supported fixed 
partial denture after 5 years is 0.4% (Pjetursson et al., 
2004). The incidence of implant fracture in a combined 
tooth/implant‐supported fixed partial denture is 0.9% 
after 5 years (Lang et al., 2004a and 2004b).

Causes of implant fracture postoperatively include 
the following (Gealh et al., 2011):
1 Bone loss around an implant can lead to fracture of 

the implant (below the abutment screw).
2 Design of the material: the crown’s infrastructure 

made of nonprecious metal alloy.
3 Trauma (e.g., more with ceramic implants) 

(Spiekerman, 1995).
4 Nonpassive fit of the prosthetic structure—misfit or 

distortion.
5 Physiological or biomechanical overload (e.g., bruxism, 

clenching, or cantilevers).
6 Repeated gold screw or abutment loosening (Eckert 

and Salinas, 2010, p. 102).
Causes of implant fracture during surgery include the 

following:
1 Implant design: Small‐diameter internal hex implants 

may not be able to withstand the torque applied 
when placed in dense bone (Al‐Faraje, 2011, p. 83).

2 Dense bone was not tapped before placement of the 
implant.
Implant fracture is relatively uncommon. Studies 

have found 0.2% of 4045 implants had fractures in 
5 years of service (Balshi, 1996). All patients with a frac-
tured implant had parafunctional habits. The partially 
edentulous jaw encounters implant fractures more fre-
quently than edentulous patients (Eckert and Salinas, 
2010, p. 108).

Prevention
Patients with parafunctional habits should be given an 
occlusal guard to be worn at night. The surgeon may 
recommend a greater number and a wider diameter of 
implants to distribute the force to prevent implant frac-
ture. It is also important for the surgeon to adjust lateral 
forces when screw loosening is encountered (Eckert and 
Salinas, 2010, p. 104).
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Treatment
In most cases both fragments of a fractured implant will 
have to be removed with a trephine drill. However, if 
there is still adequate threads available, reversal tools 
can be used. If the implant is not to be replaced, the 
apical fragment may remain to prevent further bone 
loss (Spiekerman, 1995). The supraosseous portion may 
be ground down so it is flush with the osseous level. 
However, the fractured implant may become infected, 
and the patient must be monitored.

Surgical trauma
Overheating the bone can cause bone resorption and 
physiological damage to the bone.

Prevention
1 Studies have shown that the maximum drill speed 

of 2000 rpm with copious sterile saline irrigation 
should be used to prevent overheating. The 
threshold for bone damage is 47°C for 1 min 
(Eriksson and Albrektsson, 1984).

2 Sharp drills should always be utilized. In type 1 bone, 
the surgeon should use a drill 1–3 times, and about 
10 times in type 2 bone. The surgeon can use the drill 
about 40 times in type 3 bone and 100 or more times 
with type 4 bone (Al‐Faraje, 2011, p. 49).

3 The surgeon should use an in‐and‐out motion with 
the handpiece when preparing the osteotomy site to 
allow the irrigation to reach the bur’s cutting edges.

Signs and symptoms (Piatelli et al., 1998)
1 No regeneration of bone around the implant
2 Bone sequestra
3 Necrotic bone and bacteria around the implant
4 Inflammatory response in the area between the 

implant and the bone
5 No organization of the peri‐implant bone clot
6 Presence of mature and compact bone around the 

implant

Treatment
The implant and necrotic bone needs to be removed. 
The patient may need antibiotics and pain medication if 
an infection is present. A new implant may be placed 
with a bone graft in 3–4 months (Al‐Faraje, 2011, p. 50).

Compression necrosis
Compression necrosis is the overcompression of the 
adjacent bone during implant placement. An undersized 

osteotomy can cause compression necrosis. Areas of 
dense bone have a higher risk for this complication. 
Compression necrosis occurs within the first month, 
and the histology will show inflamed granulation tissue 
and nonviable bone sequestra with bacterial coloniza-
tion (Bashutski, D’Silva, and Wang, 2009).

An initial torque of 20 N cm is ideal to achieve osseo-
integration. However, a higher torque of 30–45 N cm 
(bone necrosis may occur at higher torques in type 1 or 
2 bone) is recommended for immediate loaded implants 
because of the stress they encounter from the provi-
sional prosthesis (Al‐Faraje, 2011, p. 85).

Prevention
1 Use drill in the correct order.
2 Use tapping drills in dense bone.
3 Before the implant is just short of its placement, a 

hand ratchet is recommended to have better control 
over the level of torque.

Broken instruments
Although it is rare for an instrument to break, it is possible 
and is a serious complication. Instruments are constantly 
sharpened and sterilized, and this can lead to fractures.

Treatment and management
If small fragments cannot be located, radiographs are 
necessary. There are special magnetic instruments that 
can attract the fragment and allow for retrieval. If there 
is a chance that the fragment has been aspirated, a chest 
radiograph is necessary. If the fragment was swallowed, 
periodic monitoring of feces is vital to make sure it 
passes through the digestive system.

Postoperative complications

Peri‐implant mucositis
Peri‐implant mucositis is the presence of inflammation 
in the soft tissue surrounding a dental implant without 
signs of any loss of supporting bone (Figure 7.9). This is a 
treatable and reversible plaque‐induced inflammatory 
condition. A systematic review found that peri‐implant 
mucositis arises in approximately 63.4% of the subjects 
and in 30.7% of the implants. Peri‐implantitis was discov-
ered in 18.8% of subjects and in 9.6% of implant sites. The 
incidence of peri‐implant disease is higher in smokers 
(36.3%) compared to nonsmokers (Atieh et al., 2013). 
Maintenance therapy reduces the rate of peri‐implant 
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disease (Atieh et al., 2013). In a 5‐year systematic study, 
6.3% of the implants had bone loss exceeding 2 mm over 
the 5‐year observation period, and peri‐implantitis and 
soft tissue complications occurred adjacent to 9.7% of the 
implant‐supported single crowns (Jung et al., 2008).

Clinical signs
1 Inflammation
2 Bleeding on probing (BOP)
3 Suppuration
4 Pockets that are greater than 4 mm

Possible etiology
1 Bacteria: The bacteria associated with gingivitis 

resemble the bacteria associated with mucositis (Lang, 
Wilson, and Corbet, 2000; Pontoriero et al., 1994).

2 The sites that facilitate bacterial colonization and 
retention are the implant‐abutment junction and the 
implant surfaces (Fletcher, 2014). Furthermore, 
switching abutments between companies result in 
greater risk for poor fit.

3 Excess or residual cement (Wilson, 2009).
4 Lack of keratinized gingiva (Block et al., 1996).

A consensus report (Lindhe and Meyle, 2008) found 
the following risk indicators:
1 Poor oral hygiene
2 A history of periodontitis
3 Diabetes
4 Smoking

Prevention
Oral hygiene by the professional and patient is required 
to minimize the bacterial load. The sooner peri‐implant 

mucositis is diagnosed, the sooner treatment can be ren-
dered. Peri‐implant mucositis can be treated nonsurgi-
cally. Because of the problem of decontamination of the 
roughened, threaded surfaces of exposed implants, peri‐
implantitis is more difficult to treat (Khammissa et al., 
2012). Maintenance care should be conducted routinely 
based on the patient’s susceptibility.

Management
Oral hygiene must be reviewed with the patient. 
Figure 7.10 describes the cumulative interceptive sup-
portive therapy protocol for treating peri‐implant muco-
sitis and peri‐implantitis.

The main goals are as follows:
1 Disrupt the colonization of the plaque biofilm.
2 Dilute the bacterial load.
3 Detoxify the implant surface by mechanical and che-

motherapeutic means (e.g., curettes, ultrasonics, 
abrasives, lasers, saline, citric acid, and chlorhexidine) 
(Fletcher, 2014).
Studies have found mechanical nonsurgical therapy 

and antimicrobial mouth rinses effective in the 
treatment of peri‐implant mucositis lesions. However, 
in peri‐implantitis lesions nonsurgical therapy was inef-
fective (Renvert, Roos‐Jansåker, and Claffey, 2008).

Mechanical debridement (protocol A)
1 Curette: Must be soft because metal curettes can 

severely damage the implant surface. Carbon fiber 
curettes are sturdy enough to remove calculus yet 
they do not harm the implant surface (Eckert and 
Salinas, 2010, p. 104).

2 Ultrasonic scalers: Can cause a rough surface that 
attracts plaque (Rapley et al., 1990); however, other 
studies found positive results for ultrasonic scalers 
with a nonmetal tip on polished and sand blasted, 
large grit, acid‐etched surface (Louropoulou, Slot, 
and Van der Weijden, 2014).

3 Lasers: Some studies find them advantageous over con-
ventional treatment and some studies do not (Kreisler 
et al., 2003). A review article found no significant 
difference (in BOP, probing depth reduction of clinical 
attachment levels, or bone fill) between saline‐soaked 
pellets at 12 and 24 months of follow‐up and the use of 
the Er:YAG laser (Valderrama and Wilson, 2013).

4 Air abrasives: Studies have shown it to be a viable 
treatment option in vitro for implant surface cleaning 
in peri‐implantitis treatment (Tastepe et al., 2012).

Figure 7.9 Peri‐implant mucositis around implant restorations 
in the anterior maxilla. Note the lack of vestibular depth and 
keratinized attached gingiva, making oral hygiene difficult.
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5 Titanium brush: This brush is composed of a stainless 
steel shaft with titanium bristles that is inserted into 
an implant machine handpiece. It is recommended to 
protect the inner connection of the implant before 
debridement with a cover screw or healing abutment. 
It is for single patient use only. Studies have found it 
to be gentler to the implant surface and more effec-
tive in plaque removing capacity than steel curettes 
(John, Becker, and Schwarz, 2014). Randomized 
controlled studies are needed to further evaluate the 
efficacy of titanium brushes.

Chemotherapeutic (antiseptic protocol B) 
(Fletcher, 2014)
1 Chlorhexidine: It has high substantivity but it is not 

effective intracrevicularly. Studies have found no 
difference between patients receiving chlorhexi-
dine irrigation and another group of patients 
receiving no treatment for 8 weeks (Lavigne et al., 
1994). Another study found the supplement of 
chlorhexidine (irrigation and gel) to mechanical 
debridement did not improve the effects as com-
pared to mechanical debridement alone (Porras 
et al., 2002).

2 0.25% sodium hypochlorite irrigation: Irrigation with 
0.25% NaOCl results in an 80‐fold decrease in bacte-
rial endotoxin compared to water and reduces 
 gingival inflammation and supragingival biofilm 

accumulation (De Nardo et al., 2012). This solution 
does not corrode titanium.

3 Citric acid: A review article found that citric acid is 
effective at decreasing the amount of lipopolysac-
charide present on machined surface and hydroxy-
apatite‐coated implants, but not on titanium 
plasma‐sprayed implants (Valderrama and Wilson, 
2013). Another study found citric acid conditioning 
of a peri‐implantitis‐affected surface improves 
 nanohydroxyapatite‐blended clot adhesion to the 
titanium implant surfaces (Gamal, Abdel‐Ghaffar, 
and Iacono, 2013). More randomly controlled 
studies are needed to evaluate the clinical signifi-
cance of citric acid.

Antibiotic protocol C
1 Minocycline microspheres are a bioabsorbable locally 

applied antibiotic. It has been found to improve 
bleeding scores and mean probing depth (from 5.0 to 
4.1 mm) around peri‐implant infections (Renvert 
et al., 2004 and Salvi et al., 2007).

2 Systemic antibiotics: Systemic administration of anti-
biotics has been shown to decrease the subgingival 
bacterial load and target the anaerobic segment 
in  patients with peri‐implantitis when used in 
conjunction with mechanical debridement (Mombelli 
and Lang, 1992; Renvert, Roos‐Jansåker, and Claffey, 
2008). However, systemic antibiotics do not remove 

Absence of plaque
BOP negative No treatment

Mechanical
debridement +

polishing

Antiseptic
cleansing

+

+

+

+ +

+

A

B

C
Systemic or local
antibiotic therapy

Resective or
regenerative

surgery
D

Presence of plaque
BOP positive

BOP+
no bone loss

BOP+
bone loss > 2 mm

BOP+
bone loss ≤ 2 mm

PD ≤ 3 mm

PD > 5 mm

PD 4–5 mm

Radiograph!

Figure 7.10 Management of mucositis and peri‐implantitis. (Lang et al. (2004a). Reproduced with permission from Quintessence 
Publishing Group Inc., Chicago, IL). The protocol (cumulative interceptive supportive therapy) is additive, in that as pocketing and 
signs of inflammation progress, additional treatments are added.
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biofilms, and it is unlikely that they are sufficient 
interventions for peri‐implant disease.
If the patient has 4 mm pocket with BOP or 5 mm 

pockets with or without BOP, sodium hypochlorite 
irrigation in conjunction with debridement is recom-
mended. If there is no resolution after 3 months, the 
treatment is repeated and minocycline microspheres 
are used and the restoration is removed and cleansed 
(remove plaque, detoxify the platform, and screw 
opening) (Lang et al., 2004a, 2004b; Fletcher, 2014). 
The patient is encouraged to use antiseptic mouthwash 
and triclosan toothpaste at home. Studies have shown 
reductions in plaque index, gingival index, and 
bleeding index in the peri‐implant gingival tissues 
(Ciancio et al., 1995; Sreenivasan et al., 2011), although 
long‐term studies on the treatment of peri‐implant dis-
ease are needed.

Regenerative or resective therapy (protocol D)
Once the infection has been controlled and treatment 
modalities A, B, and C have been tried, surgery can be 
considered. Regenerative therapy or resective therapy 
may be done based on the morphologic characteristics 
and size of the defect (Lang and Tonetti, 2010, p. 129).

Regenerative

1 Biologic mediators (e.g., enamel matrix derivative 
and platelet‐derived growth factor): Their effects are 
debatable, but studies have shown that grown factors 
have positive effects on implant osseointegration 
(Qu et al., 2011; Froum, Froum, and Rosen, 2012).

2 The defect configuration may have a big impact on 
the ability to regenerate the defect. Circumferential 
intrabony defects seem to be favorable in conjunction 
with a natural bone mineral and a collagen mem-
brane. Defects with a buccal dehiscence (e.g., circum-
ferential or semicircumferential) are not favorable 
(Schwartz et al., 2010).

Resective therapy It is important to inform the patient 
that resective therapy, especially in the esthetic area, 
may lead to a poor esthetic outcome. It has been shown 
that the percentage of implants that turned out to be 
healthy subsequent to treatment (pocket reduction and 
bone recontouring) was higher for those with minimal 
initial bone loss (2–4 mm bone loss as evaluated during 
surgery) compared with the implants with a bone loss of 
≥ 5 mm (74% vs. 40%) (Serino and Turri, 2011).

Combined resective and regenerative approach Implantoplasty, 
the removal of the suprabony implant threads affected 
by peri‐implantitis, has been shown to be successful in 
combination with deproteinized bovine bone mineral 
and a collagen membrane. Regenerative and resective 
treatment of peri‐implant defects produced positive 
outcomes in terms of radiographic defect bone fill and 
probing depth reduction after 12 months (Matarasso 
et al., 2014).

Another study found that resective therapy with 
implantoplasty had a positive influence on the survival 
of oral implants involved with inflammatory processes 
(Romeo et al., 2005).

Peri‐implantitis
Peri‐implantitis is a destructive inflammatory reaction 
affecting the soft and hard tissues, and it can result from 
peri‐implant mucositis. Bleeding, suppuration, and loss 
of osseointegration of the coronal part of the implant, by 
increased probing depth, are some features of peri‐
implantitis. Treatment is not predictable for peri‐ 
implantitis (Khammissa et al., 2012). The risk factors for 
periodontitis and peri‐implantitis are similar. The pro-
gression from mucositis to peri‐implantitis follows a very 
similar path of events as the progression of gingivitis to 
periodontitis. However, peri‐implantitis has episodes of 
rapid progression and can be more pronounced than in 
cases of chronic periodontitis (Heitz‐Mayfield and Lang, 
2010). In most cases peri‐implantitis‐associated bone loss 
is characterized by a nonlinear progression, with the rate 
of loss increasing over time (Fransson et al., 2010). Some 
of the differences between peri‐implantitis and periodon-
titis are described in Table 7.3 (Figure 7.11).

Risk factors
1 Genetics:

 ◦ Gene polymorphisms: It has been shown that there 
is a potential link between IL‐1 genotype and peri‐
implantitis (Dereka et al., 2012).

2 Poor oral hygiene:
 ◦ Studies show that bacteria can be transmitted from 

the periodontal pocket to the peri‐implant region 
(Sumida et al., 2002). Periodontitis‐enhancing factors 
such as poor oral hygiene and smoking also increase 
the risk for peri‐implantitis (Quirynen, De Soete, and 
van Steenberghe, 2002).

3 History of periodontal disease:
 ◦ Compared with periodontally healthy patients, 

subjects with a history of chronic periodontitis may 
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exhibit significantly greater peri‐implant marginal 
bone loss, long‐term increases in probing depths, 
and incidence of peri‐implantitis (Karoussis, 
Kotsovilis, and Fourmousis, 2007; Heitz‐Mayfield 
and Lang, 2010). Peri‐implantitis was a more 
 frequent finding in patients with a history of 
periodontal disease and excess cement (Linkevicius 
et al., 2012).

4 Smoking:
 ◦ Smokers exhibit greater probing depth and pus 

around implants compared to nonsmokers (Fransson, 
Wennström, and Berglundh, 2008).

5 Diabetes:
 ◦ There is evidence that diabetes is associated with 

peri‐implantitis (Daubert et al., 2015). Diabetes is con-
sidered a risk indicator for peri‐implantitis (Lindhe and 
Meyle, 2008).

Etiology
1 Bacteria: Peri‐implant mucositis can develop into 

peri‐implantitis if it is not treated early. Bacteria can 
be a factor in the following situations:
i) Contamination of the implant before placement 
(Al‐Faraje, 2011, p. 108).
ii) Preexisting bacteria at the time of surgery (e.g., 
bacteria from a previous infection) causing a retro-
grade infection (Quirynen et al., 2005).
iii) Fit of restoration: The gap should be minimal bet-
ween the implant and the prosthesis.

Table 7.3 Similarities and differences between periodontal disease and peri‐implantitis.

Periodontal disease Peri‐implantitis

Substructure Enamel and dentin Ceramic, acrylic, metal

Biofilm necessary Yes Yes

Microbiota Gram‐negative bacteria Gram‐negative bacteria and Staphylococcus aureus may be important bacteria in the initiation of 
peri‐implantitis. A recent study (Aoki et al., 2012) found colonization by bacteria at the implant 
sulcus was influenced by microorganisms in the gingival crevice of adjacent teeth as opposed to 
those on contralateral and occluding teeth

Host response Inflammatory response Persistent biofilm may cause a more pronounced inflammatory reaction; may involve the 
alveolar bone sooner (may be due to differences in vascularity and fibroblast‐to‐collagen 
ratios)

Therapy Anti‐infective Anti‐infective surgical access may be needed more frequently and sooner due to implant surface 
characteristics and microbial access limitations

Data from Heitz‐Mayfield and Lang (2010).

Figure 7.11 Peri‐implantitis in a patient with partially treated 
periodontitis. The patient also had a history of implant loss in 
the #13 site.
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2 Excess cement: Excess dental cement has been associ-
ated with signs of peri‐implant disease. Studies have 
found that signs of inflammation were absent in 74% 
of implants after the removal of excess cement 
(Wilson, 2009).

3 Implant malpositioning: The deeper the position of 
the implant margin, the greater the amount of 
cement was found. Cement excess should not be 
evaluated using dental radiographs (i.e., it is not a 
reliable method) (Linkevicius et al., 2013).

4 Local factors: Overcontouring the restoration can 
make plaque control difficult and lead to accumulation 
of plaque.
Figure  7.12 describes the advantages and disadvan-

tages of cement‐retained restorations.

Classification
Table  7.4 describes another classification system of 
peri‐implantitis based on the severity of the disease. 
A combination of probing depth, extent of radiographic 

bone loss around the implant, and BOP and/or 
 suppuration is used to classify the severity of peri‐
implantitis (Froum and Rosen, 2012).

Management
Figure 7.10 describes the protocol for management of 
peri‐implantitis. Patients need to be instructed on 
proper oral hygiene techniques similar to methods 
used on natural dentition. It is imperative that the 
excess cement be removed and the implant surface 
detoxified. If regeneration is deemed necessary, it can 
be done with a soft tissue graft if there is a mucogin-
gival defect. Some studies have found that in most 
cases, nonsurgical therapy achieved similar results to 
those of more complex therapies (Byrne, 2012) 
(Figure 7.13).

Postoperative bleeding
Please see postoperative bleeding in the periodontal 
chapter.

1. Easier to make

2. Technically more forgiving

3. Provisionalization is easier

4. It is not as critical if the implants
are not parallel

1. Peri-implant soft tissue
response was more favorable for
the screw retained crown than the
cement-retained crown

2. Possible cement-related
complications

3. Screw retained better for
limited interarch space and limited
mesial/distal width

4. Not easily retrieved Figure 7.12 The advantages and disadvantages 
of cement‐retained crowns (Weber 
et al., 2006).

Table 7.4 Classification of peri‐implantitis.

Early Moderate Advanced

Probing depth
Bleeding and/or suppuration on probing noted on two or 
more aspects of the implant

Pocket depth is greater 
than 4 mm

Pocket depth is greater 
than 6 mm

Pocket depth is greater 
than 8 mm

Bone loss
Measured on radiographs from the time of definitive 
prosthesis loading to current radiograph. If not available, 
the earliest available radiograph following loading should 
be used

Bone loss is less than 
25% of the implant 
length

Bone loss is 25–50% 
of the implant length

Bone loss is greater than 
25% of the implant 
length

Data from Froum and Rosen (2012).
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Bone growth over the cover screw at  
second‐stage surgery
This complication may occur for several reasons  
(Al‐Faraje, 2011, p. 106):
1 The implant is placed below the crestal bone.
2 Second‐stage implant surgery is done after 8 months 

or longer.
It is imperative that the surgeon use extreme caution 

when removing bone to prevent damage to the platform 
of the implant.

Treatment/management
Always make sure the top of the implant is protected 
by placing the cover screw on top of the fixture.  
A bone mill or small chisels may be used to remove the 

bony overgrowth (Al‐Faraje, 2011, p. 106). A radio-
graph should be taken to make sure there is no space 
between the healing abutment and the fixture/
platform.

Loss of a posterior implant in an all‐on‐four 
prosthesis
There are a number of risk factors that may cause a pos-
terior implant to fail. According to Parel and Phillips 
(2011), these include the following:
1 Opposing natural dentition: Both existing opposing 

natural mandibular dentition (80%) and poor bone 
density (85%) presented the highest percentages of 
all failure scenarios.

2 Poor bone density (e.g., the posterior maxilla).
3 Male patient: Men are three times more likely to 

experience a primary implant failure.
4 Bruxism: About half of the failures in this study 

had a bruxing component. However, in none of 
these individuals was bruxing the only contributing 
factor.

5 Smoking: Patient compliance with smoking cessation 
can have a potentially significant role in the incidence 
of primary failures.

6 Bone volume: The evaluation of bone volume and 
bone density with a CAT scan was identified as impor-
tant in planning maxillary implant therapy.

7 Cantilevers: Implants placed in the premolar–molar 
cantilever region are subjected to higher occlusal 
loads, even when the distal extension cantilever 
length was reduced in the provisional prosthesis.

Prevention
If the patient has one or more risk factors listed ear-
lier, additional implants or delayed loading should be 
used. Because implants are more likely to fail in the 
maxillary arch, one or two additional implants can be 
placed. A pterygoid implant can also be placed to 
engage the pterygoid process without bone augmen-
tation (Parel and Phillips, 2011). It is also important 
for the surgeon to limit the amount of cantilevers, 
stagger the implants (e.g., implants should not be 
placed in a straight line), use a wider diameter implant 
in molar sites, and see the patient more frequently for 
postoperative checks (Goodacre and Kattadiyil, 2010, 
p. 183). Patients who have a history of bruxism 
should use an occlusal guard.

Figure 7.13 A case of peri‐implantitis treated with mechanical 
debridement, 0.12% chlorhexidine, and oral hygiene 
instruction. The bottom radiograph shows increased 
 radiopacity after only 5 weeks of treatment.
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Treatment/management
The failed implant should be removed and a replacement 
implant placed after adequate bony healing, approxi-
mately 6 months (Wang et al., 2015). The replacement 
implant should not have any load placed on it until the 
surgeon deems that it is osseointegrated.

Implant mobility
Implant failure is defined as the state where the 
implant is no longer integrated after placement. 
Failure may occur early (i.e., before osseointegration 
and usually during the first year) or late (i.e., during 
and after the restorative treatment) (Rosenberg et al., 
2010, p. 111). Primary stability at the time of implant 
placement is necessary to ensure successful osseointe-
gration. One meta‐analysis found the failure rate at 
7.7% over a 5‐year period (bone graft excluded) 
(Esposito et al., 1998). Another study (Berglundh, 
Persson, and Klinge, 2002) found implant failure of 
2–3% when the implant was in function and a 2–3% 
failure rate of implants supporting fixed reconstruc-
tions. Patients with overdentures had a 5% failure 
rate during a 5‐year period. No evident differences in 
implant survival were found between the different 
implant systems (Eckert et al., 2005).

Possible causes of implant mobility
1 Infection
2 Host factors (smoking, autoimmune disorders)
3 Occlusion and loading
4 Poor bone quality
5 Poor prosthetic design (Rosenberg et al., 2010, p. 111)
6 Inability of the surgeon to achieve primary stability
7 Trauma to the tissue (pressure necrosis and overheat-

ing of the bone) (Rosenberg et al., 2010, p. 112)
8 Prior history of periodontitis

Table 7.5 describes the characteristics associated with 
an infectious or traumatic cause of mobility.

Prevention
The cause of the failure must be diagnosed and 
addressed as soon as possible to make every effort to 
reverse the complication (Rosenberg et al., 2010, 
p. 111). It is imperative that the surgeon plan the case 
thoroughly (e.g., cone‐beam imaging, mounted study 
casts with diagnostic wax‐ups, and review of systemic 
and local risk factors).

Treatment
When the implant is found to be mobile, it needs to be 
removed. If there is adequate bone and minimal infection, 
an immediate implant may be an option (after thorough 
degranulation). A wider diameter implant with possible 
bone grafting may be necessary and antibiotics prescribed 
(Rosenberg et al., 2010, p. 116). Studies have (Machtei 
et al., 2008) found a survival rate of 83.5% for implants 
placed in previously failed sites. This is a much lower 
survival rate compared to implants placed in pristine sites.

Dental changes of adjacent natural teeth relative 
to the implant crown
When teeth and implants coexist and subtle adult cra-
niofacial growth occurs, complications may occur. 
Throughout adulthood there is tooth drifting and 
change in arch length. The continuous eruption of the 
adjacent anterior teeth can cause great risk of a less 
favorable esthetic and/or functional implant outcome. 
The placement of an implant in patients with a normal 
facial profile should be postponed until growth has 
concluded. For patients with a long or short face type, 

Table 7.5 Characteristics evaluated to determine the etiology 
of failure.

Condition Infectious Traumatic

Pain Yes Yes/no

Tissue inflammation Yes No

Broken implant parts/crown wear No Yes

Mobility Yes Yes

Bleeding on probing Yes No

Suppuration Yes No

Increased probing depth Yes No

Gingival index High Low

Plaque index High Low

Peri‐implant radiolucency Yes Yes

Granulomatous tissue on removal Yes No

Rosenberg et al. (2010), p. 113. Reproduced with permission 
from Wiley.
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further growth, particularly the continuous eruption of 
adjacent teeth, creates a crucial risk even after the age of 
20 years (Heij et al., 2006). When changes in tooth posi-
tion relative to implant restorations secondary to long‐
term adult growth happens, they can cause complications 
that are difficult to treat (Daftary et al., 2013).

Immediate implant placement

Implants placed in fresh extraction sockets, referred to 
as immediate implants, are a unique clinical challenge 
with a higher complexity and therefore a higher poten-
tial for complications. The most common complications 
associated with immediate implants are discussed in this 
section, with guidelines on prevention and management. 
The concepts and guidelines of prevention and 
management of implant complications still apply; only 
the complications unique to immediate implants will be 
discussed in this section.

Immediate implant failure
While immediate implants have a high survival rate, 
several studies show higher failure rates compared to 
more delayed implant placement protocols. A meta‐
analysis of seven randomized controlled trials com-
paring immediate implants with immediate‐delayed 
implants and delayed implants did not show statisti-
cally significant differences of implant survival bet-
ween the groups, but several preliminary conclusions 
were made that were not statistically significant, 
including a possibly higher implant failure rate in the 
immediate group (Esposito et al., 2010). Individual 
randomized controlled trials either show no difference 
in implant survival (Siegenthaler et al., 2007) or a 
higher failure rate with immediate implants (Schropp 
et al., 2005; Lindeboom, Tjiook, and Kroon, 2006), 
with implant survival rates of as little as 91% in these 
studies. A cross‐sectional analysis also identified 
immediate implant placement as a risk factor for 
implant failure (Daubert et al., 2015).

Prevention
Although survival of the immediate implant is high, 
several studies show higher failure rates of immediate 
implants. Therefore, prevention of this complication 
encourages the use of a nonimmediate implant 
placement protocol.

The following list of requirements for success has 
been published for the prevention of complications with 
immediately placed implants (Wagenberg and Froum, 
2010): (i) removal of all infectious material from the 
socket, (ii) adequate available bone and soft tissue, 
(iii) initial implant stability, (iv) patient cooperation with 
postsurgical maintenance, (v) apical or lateral stabiliza-
tion, (vi) residual infection removed, (vii) careful deter-
mination of patient expectations, and (viii) consideration 
of final outcome after healing.

Midfacial gingival recession in the anterior maxilla
A systematic review by Chen and Buser (2014) showed 
that esthetic outcomes are achievable with immediate 
implants in the anterior maxilla, but the esthetic results 
are more variable, and there is a higher frequency of 
midfacial recession than implants placed in a delayed 
fashion. A literature review showed 0.5–0.9 mm of 
 midfacial gingival recession with immediate implant 
placement (Chen and Buser, 2009).

Risk factors
The two major risk factors identified in midfacial reces-
sion are buccal implant positioning and thin periodontal 
biotype (Chen et al., 2009). Buccal malposition of the 
immediate implant is a possibility because the extrac-
tion socket, which is more buccal than the ideal 
placement of the implant, tends to push the osteotomy 
and the implant into the empty socket.

Proper diagnosis and treatment planning can prevent 
poor esthetic outcome. The following factors are impor-
tant to consider: medical status, smoking habit, patient’s 
esthetic expectations, lip line, tissue biotype, shape of 
tooth crowns, infection at implant site, bone level of 
adjacent teeth, restorative status of neighboring teeth, 
width of edentulous span, soft tissue anatomy, and bone 
anatomy of alveolar crest.

Prevention
Ideal implant position in the anterior maxilla is palatal 
to the incisal edge, which will result in thicker hard and 
soft tissue buccal to the implant (Figure  7.14) and a 
slight buccal cantilever to the restoration.

Prevention first involves presurgical treatment 
planning with a three‐dimensional imaging that shows 
the volume and position of the bone. The clinician must 
decide before extraction whether an immediate implant 
can be stabilized in an ideal position. Ideally, an 
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immediate implant in the anterior maxilla will have 
5 mm of bone apical to the extraction socket to stabilize 
the implant.

If an implant can safely be placed into an extraction 
socket, the use of a tapered implant can allow for easier 
angulation of the implant for proper palatal emergence 
of the head of the implant. The narrower apex of the 
tapered implant reduces the incidence and severity of 
fenestration of the bony concavity of the anterior max-
illa during the osteotomy, and it increases the primary 
stability of the implant.

To prevent buccal malposition, the surgeon usually 
must initiate the osteotomy in the palatal bone of the 
extraction socket in the anterior maxilla. This is facili-
tated by using a sharp implant drill to create a purchase 
point for ideal positioning of the initial twist drill. 
A  Lindemann side‐cutting drill can also be used (Al‐
Faraje, 2011, p. 13).

If the patient has thin bone or thin soft tissue, a bone 
and/or connective tissue graft can be placed at the 
implant surgery appointment to thicken the tissue. The 
crescent‐shaped soft tissue graft has been described for 
flapless cases (Han and Jeong, 2009). It must be reem-
phasized that bone and/or soft tissue grafting cannot 
make up for buccal malpositioning of the implant.

Treatment
If an implant cannot be stabilized in an ideal position, the 
implant should not be placed, and the extraction socket 
and osteotomy should be filled with a ridge preservation 
bone graft to minimize alveolar resorption while the 
extraction socket heals, a process that takes 3–6 months. 
Alternatively, a delayed approach has been shown to be 
predictable and successful (Buser et al., 2013).

If the implant is restored and midfacial recession has 
occurred, the clinician must evaluate the etiology of the 
recession and determine if reshaping of the restorative 
abutment or crown can reverse the recession. If an 
implant is poorly positioned, it must be removed.

Generally speaking, treatment of mucogingival 
defects around implants by soft tissue grafting is not pre-
dictable (Levine, Huynh‐Ba, and Cochran, 2014), and it 
cannot overcome poor implant positioning.

Sinus floor bone graft complications

The edentulous posterior maxilla often has limited 
vertical bone height for dental implant placement. Sinus 
floor bone grafts, commonly referred to as sinus lifts, are 
predictable methods of increasing the vertical bone 
height for implant placement by raising the floor of the 
maxillary sinus and filling the space with a bone graft.

The maxillary sinus is a pyramid‐shaped air space in 
the maxilla, above the roots of the maxillary posterior 
teeth, approximately 10–15 ml in volume. It is lined by 
the Schneiderian membrane, a pseudostratified ciliated 
columnar epithelium overlying a thin layer of connective 
tissue, between 0.45 and 1.40 mm thick (Katsuyama 
and Jensen, 2011, p. 14). The ostium drains the maxil-
lary sinus high on the medial wall.

There are two approaches to accessing the sinus floor 
for bone grafting: through the lateral wall of the maxil-
lary sinus and crestally through an implant osteotomy.

These procedures are advanced surgical procedures 
and should only be attempted by experienced surgeons 
with proper training. The reader is guided through the 
presentation, prevention, and management of the most 
common sinus floor bone graft complications. The sur-
geon can use this chapter as a guide to manage sinus lift 
complications that arise in the office.

Lateral approach for sinus floor bone graft
The lateral approach involves preparing an opening in 
the lateral bony wall of the maxillary sinus to allow 
access to elevate the Schneiderian membrane off of the 
bony floor. A bone graft is placed between the mem-
brane and the bone, a membrane is placed over the 
window, and the site is closed. If sufficient height of 
native bone is available to stabilize an implant, an 
implant may be placed simultaneously. The lateral 
approach is appropriate for large bone grafts, for 

Figure 7.14 Anterior implants need to be placed palatal to the 
incisal edge in order to avoid gingival recession.
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significant increase in vertical height, and for visual 
access of the sinus (Figure 7.15).

The lateral approach sinus lift is a predictable way to 
increase the vertical bone height for implant placement 
in the posterior maxilla. Implants placed into bone‐
grafted sinuses have high predictability and well‐ 
documented long‐term survival rates of greater than 95% 

(Del Fabbro, Wallace, and Testori, 2013; Wallace and 
Froum, 2003; Aghaloo and Moy, 2007). The following 
are among the more common complications of the lat-
eral approach to sinus floor bone grafting.

Membrane perforation
The most common intraoperative complication of the 
lateral approach is perforation of the Schneiderian mem-
brane, with an incidence of approximately 10% (range 
4.8–56%) (Chiapasco, Casentini, and Zaniboni, 2009). 
Wallace (2010) estimated that experienced surgeons 
have about 25% perforation rate with rotary instrumen-
tation. If unrepaired, perforation can lead to loss of graft 
material, graft infection, reduced bone formation, and 
decrease in implant survival (Proussaefs et al., 2004).

Perforation of the sinus membrane can occur during 
preparation of the lateral window, during elevation of 
the membrane with hand instruments, during 
placement and condensation of graft material, or even 
on flap elevation with thin or absent bone (Wallace, 
2010). Thin Schneiderian membranes are more prone 
to perforation, and complex sinus anatomy, such as 
bony septa, are associated with membrane perforation 
(Wallace, 2010, pp. 286–287).

Prevention
Proper presurgical evaluation of the bony sinus anatomy 
through three‐dimensional radiography, such as cone‐
beam scans, can assist the surgeon in planning the surgery 
(Figure 7.16). Preparation of the lateral window using a 
piezosurgery device that cuts bone but not soft tissue has 
been shown to reduce the perforation rate to as low as 7% 
(Wallace et al., 2007). If rotary instrumentation is to be 
used, a diamond bur would be preferable to a carbide bur 
(Wallace, 2010). Preparation of a large enough window to 
allow access to the sinus and around septa can prevent 
perforations (Wallace, 2010, p. 287). Wallace (2010) rec-
ommends a window that is 3 mm above the floor of the 
sinus, 3 mm distal to the anterior border of the sinus, and 
15 mm in height. When elevating the membrane, it is 
important that the elevating instruments stay in contact 
with the bone. Piezosurgery devices can remove septa 
without tearing the thin overlying membrane.

Management
Small perforations can be repaired with a collagen 
membrane. If a perforation is small enough, it can close 
spontaneously. If the perforation occurs before full 

Figure 7.15 A case of the lateral approach sinus floor bone 
grafting (middle radiograph), with a 10‐year follow‐up after 
implant placement (bottom radiograph). (S. Nelson, San 
Mateo, CA. Reproduced with permission from S. Nelson).
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elevation of the membrane, the elevation should be 
carefully completed without expansion of the perfora-
tion. Larger perforation repairs can be attempted using 
resorbable sutures, although this is difficult. Membrane 
stabilization and graft containment are required for 
repairs. Techniques have been reported for managing 
large perforations (Testori et al., 2008). If containment 
and stability of the graft cannot be achieved, the 
procedure should be aborted, and the patient allowed to 
heal for 2–4 months before a subsequent attempt. This is 
an uncommon complication, occurring less than 1% of 
the time (Chiapasco, Casentini, and Zaniboni, 2009).

Intraoperative bleeding
The blood supply to the lateral maxillary sinus is 
provided by intraosseous and extraosseous branches of 
the maxillary artery, specifically the posterior superior 

alveolar artery, the greater palatine artery, and the 
infraorbital artery (Solar et al., 1999). Preparation of the 
lateral window results in bleeding from the lateral wall 
of the sinus. This bleeding is usually minor and of 
relatively short duration but at times can be profuse and 
difficult to control (Wallace, 2010, p. 284).

Prevention
Preoperative medical history evaluation should be done to 
determine if the patient is on anticoagulants or has a clot-
ting disorder. Cone‐beam scans can identify intraosseous 
vessels in the lateral wall, allowing for presurgical planning 
of window placement and surgical technique (Figure 7.17). 
Elian et al. (2005) showed that 53% of sinuses have a 
radiographically visible intraosseous vessel by CT scan, and 
that 20% of these cases have the vessel in a position where 
it is likely to be cut or damaged by preparation of the 
 lateral wall. Piezosurgery can reduce the incidence and 
severity of intraoperative bleeding by reducing soft tissue 
damage. With this knowledge, the surgeon can preopera-
tively plan window placement and surgical technique to 
reduce the likelihood of blood vessel damage.

Management
Bleeding during lateral window preparation and mem-
brane elevation is flowy in nature and usually manageable 
(Wallace, 2010, p. 243). Use of a piezosurgery device will 
provide lavage with sterile saline, allowing better visualiza-
tion. If bleeding is more severe, other measures may be 
needed, such as direct pressure on the bleeding site, use of 
local vasoconstrictors, bone wax, or crushing of bone sur-
rounding an intraosseous vessel (Wallace, 2010).

Figure 7.16 Radiographic and clinical views of a prominent 
septum in the right maxillary sinus.

Figure 7.17 Cone‐beam scan of implant placed in sites #14 and 
#15 three years ago by an inexperienced surgeon. The implant 
has perforated the floor of the maxillary sinus, and bone graft 
particles have migrated posterior to the distal implant.
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Postoperative infection
Infection following lateral window sinus lifts has been 
reported to occur between 2 and 5.6% of cases (Testori 
et al., 2012). Most infections occur in the early postoper-
ative period, but some infections can show up after sev-
eral months.

Prevention
Testori et al. (2012) recommended preoperative antibi-
otics of amoxicillin 875 mg and clavulanic acid 125 mg 
twice per day, beginning 24 h before surgery and three 
times per day for 7 days postoperatively. Patients with a 
penicillin allergy are recommended to take clarithromy-
cin 250 mg twice per day and metronidazole 250 mg 
thrice per day, beginning 24 h before surgery and 
extending 7 days after surgery.

Infections can be reduced with aseptic surgical 
technique.

Evaluation and treatment for preoperative sinusitis, 
especially microbial in origin, can help prevent infec-
tions, especially if a perforation occurs.

Management
If a postoperative infection develops, it must be treated 
quickly with antibiotics. If unsuccessful, consider 
referral to an otolaryngologist and/or surgical debride-
ment of the infected tissues.

Postoperative sinusitis
Postoperative sinusitis has been reported following lat-
eral window sinus lifts, with reports of mild discom-
fort, stuffiness, and difficulty breathing through the 
nose (Wallace, 2010, p. 305). The average incidence of 
postoperative sinusitis has been reported to be 2.5%, 
with different studies reporting a range of 0–27% 
(Chiapasco, Casentini, and Zaniboni, 2009). Postoperative 
sinusitis is correlated with presurgical chronic sinusitis, 
membrane hypertrophy, and postextraction timing of 
the surgical procedure (Timmenga et al., 1997). More 
moderate to severe sinusitis following sinus lifts is most 
likely from blockage of the ostium, preventing proper 
drainage of the sinus (Wallace, 2010, p. 305). Sinusitis 
can be of inflammatory or infectious in nature and be 
caused by postoperative edema, bleeding from a sinus 
perforation, and exfoliation of graft particles into the 
sinus. Figure  7.18 shows a case of sinusitis caused 
by  implants sticking through the Schneiderian 
membrane.

Prevention
Because many incidents of postoperative sinusitis are 
correlated with presurgical sinusitis, proper medical 
evaluation and assessment of the health of the sinus are 
important. If the patient has any sinus pathology, or if 
radiographs or three‐dimensional imaging show sinus 
pathology, it is prudent to refer for evaluation and 
treatment by an otolaryngologist. Antibiotics and/or 
anti‐inflammatory medication may be needed.

Proper surgical management is necessary to prevent 
postoperative sinusitis. If a perforation occurs, the repair 
must be stable and contain the graft.

Treatment
Decongestants and saline rinses can be performed to 
manage mild postoperative sinusitis. If the etiology is 
microbial, antibiotics may be needed. More severe cases 
of sinusitis should be referred to an otolaryngologist.

Osteotome/crestal approach sinus lift 
complications
The crestal approach, first described by Tatum (1986) 
and later modified by Summers (1994), involves prep-
aration of the implant osteotomy to within 1 mm of the 
sinus floor, then elevating the bone and soft tissue by 
fracturing the floor of the maxillary sinus and ele-
vating the Schneiderian membrane. An implant is 
placed simultaneously. Later techniques included 
addition of bone graft into the osteotomy and using the 
graft to elevate the membrane with osteotomes 
(Figure 7.19). More recent variations employ different 
methods of reaching the sinus floor and lifting the 
Schneiderian membrane.

The crestal approach is less invasive than the lateral 
approach, but it does not allow for visualization of the 
membrane and can achieve only limited increases in 
bone height. Fugazzotto (2005) reports that the 
maximum amount of predictable bone height with a 
crestal approach sinus lift is 2x – 2 mm, where x is the 
preoperative bone height. Several authors suggest a 
minimum of 5 mm bone height to be able to stabilize 
an implant placed simultaneously (Rosen, 2010; 
Summers, 1994).

The primary disadvantage of this technique is that it is 
not possible to visualize perforation of the Schneiderian 
membrane.

It has been recommended that the crestal approach 
sinus lift only be attempted by surgeons properly 
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trained in performing a lateral window sinus lift 
(Katsuyama and Jensen, 2011, p. 6).

Perforation
Perforation of the Schneiderian membrane is the most 
common intraoperative complication of the crestal 
approach sinus lift (Fugazzotto, Melnick, and Al‐
Sabbagh, 2015). A systematic review by Tan et al. 
(2008) showed a range of perforation of 0–21.4%, 
with a mean of 3.8%. Perforation can be caused by 
overzealous elevation of the membrane, extending the 

osteotomes beyond the sinus floor, or the presence of 
sinus anatomy such as septa.

Prevention
Prevention of perforation includes proper case selection 
with a minimum of 5 mm of crestal bone height, a flat 
sinus floor, following the 2x – 2 rule (Fugazzotto, 2005) to 
prevent overstretching of the sinus membrane, cone‐
beam scans to evaluate bony anatomy of the sinus, radio-
graphic verification of the osteotome 1 mm below the 
sinus floor, and gentle surgical technique and tapping.

Figure 7.18 Severe maxillary sinusitis caused by implants placed into the sinus in an 83‐year‐old woman. The implants were placed 
12 years prior to the radiographs. The patient’s entire left maxillary sinus was occluded.

Join us: https://t.me/dental_books_lib



Implant complications   169

Management
After preparation of the osteotomy and sinus floor ele-
vation, a Valsalva maneuver can be performed. If air 
passes from the maxillary sinus through the osteotomy, 
a perforation is present and must be managed with 
either repair using tissue fibrin glue (Pjetursson et al., 
2004), repair from opening a lateral window, or by 
allowing the site to heal for 4–6 months, and then 
attempting the procedure again.

Inadequate primary stability
With limited bone height and porous type 4 bone in the 
posterior maxilla, there is potential for compromised 
primary stability of implants. Implants with less primary 
stability are more likely to be lost (Rosen, 2010).

Prevention
Proper case selection, with adequate buccopalatal bone 
width and at least 5 mm of native vertical bone height, 
is necessary for implant stability. The use of a tapered 
implant or tulip‐shaped implant can improve primary 
stability of the implant. If the bone is porous, the oste-
otomy can be undersized to improve primary stability. 
Finally, a provisional restoration must not have any 
contact with the implant during the healing period.

Poor patient experience and vertigo
The most well‐documented technique for crestal 
approach sinus lifts involves tapping for the elevation 
of the sinus floor, and this is perceived by patients as a 

negative experience (Diserens et al., 2006). This mallet-
ing technique has also been associated with benign par-
oxysmal positional vertigo (BPPV), with symptoms of 
dizziness, imbalance, lightheadedness, and nausea. 
BPPV is not progressive and symptoms subside or disap-
pear within 6 months (Rosen, 2010, p. 316).

Prevention
Prevention of the poor patient experience includes 
patient education (Rosen, 2010, p. 319), conscious 
sedation (Fugazzotto, Melnick, and Al‐Sabbagh, 2015), 
and surgical planning to minimize tapping, including 
drilling to within 1 mm of the sinus floor, and prepara-
tion of the osteotomy with drills rather than osteotomes. 
Fugazzotto, Melnick, and Al‐Sabbagh (2015) also rec-
ommend a gentle, intermittent malleting technique. 
Recent techniques and products can reduce or eliminate 
the need to fracture the sinus floor, with either special 
drills or piezosurgery devices that do not cut soft tissue.

Management
Management of BPPV should include referral to an oto-
laryngologist for evaluation. Management by the otolar-
yngologist may include an Epley maneuver.

Infection
Infection following a crestal approach sinus lift is 
uncommon but has been reported to occur between 
0 and 2.5% of cases, with a mean of 0.8% (Tan et al., 
2008). The most likely cause of infection is either poor 

Figure 7.19 Radiographs showing a 12‐year postoperative result of a crestal approach sinus lift. (S. Nelson, San Mateo, CA. 
Reproduced with permission from S. Nelson).
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oral hygiene, contamination of the implant or graft dur-
ing insertion, or infection from a perforated Schneiderian 
membrane, especially one with untreated sinusitis 
(Rosen, 2010, p. 311). Prevention includes resolution of 
preexisting sinus disease, aseptic surgical technique, and 
preoperative and postoperative antibiotics as described 
by Testori et al. (2012). Management of a postoperative 
infection includes systemic antibiotics.
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Common complications associated 
with the treatment of dental caries

Posttreatment complications
Self‐inflicted lip, tongue, or cheek trauma
The administration of local anesthesia to children, 
 particularly those who are young or have special health‐
care needs, is associated with an increased risk of self‐
inflicted trauma to the lip, tongue, or cheek. One study 
(College et al., 2000) found that 13% of children who 
receive an inferior alveolar nerve block in conjunction 
with their dental treatment experience postoperative 
tissue trauma. Children may bite themselves for a 
number of reasons. They cannot feel the pain associated 
with the action. Some children may be curious about 
the foreign feeling associated with local anesthesia. 
Other children may unintentionally bite themselves 
while eating or sleeping when the soft tissues are still 
anesthetized (Figure 8.1).

Prevention
Caregivers responsible for posttreatment supervision 
should be given clear instructions about how to 
observe their child and watch for any behavior that 
might suggest biting or sucking on the lip or cheek. 
Caregivers should also be given realistic time estimates 
as to how long the child will have soft tissue anes-
thesia after the dental appointment. A description of 
what this type of trauma looks like may also be helpful 
so that the parent is not overly alarmed if the trauma 
does occur. For an inferior alveolar nerve block, the 

use of 3% mepivacaine or 4% prilocaine without a 
vasoconstrictor does not significantly reduce the dura-
tion of soft tissue anesthesia produced in comparison 
with 2% lidocaine with 1:100 000 epinephrine. 
Therefore, 3% mepivacaine and 4% prilocaine are 
generally not recommended as alternatives to decrease 
the risk of self‐inflicted soft tissue trauma (Hersh et al., 
1995). The use of bilateral inferior alveolar  mandibular 
nerve blocks does not increase the risk of self‐inflicted 
soft tissue trauma when compared to a unilateral 
mandibular block (College et al., 2000). The authors 
hypothesize that children may be more likely to 
 traumatize their soft tissue when only one side is 
anesthetized because it feels “different” to them, 
whereas with bilateral anesthesia, both sides feel the 
same. The incidence of soft tissue trauma was actually 
found to be higher in pediatric patients under the age 
of 4 years who received a unilateral mandibular block 
compared to bilateral mandibular blocks. Mandibular 
local infiltration instead of mandibular nerve blocks 
has not been found to be effective in decreasing the 
duration of soft tissue anesthesia; however, its use 
may decrease the amount of tissues anesthetized. As a 
caution, mandibular infiltration is not as effective in 
achieving profound anesthesia when compared to a 
mandibular nerve block for some procedures (Oulis, 
Vadiakas, and Vasilopoulou, 1996). Upon completion 
of the dental treatment, a cotton roll placed between 
the teeth on the anesthetized side may provide both a 
reminder and a barrier to the patient to avoid self‐
injury (Figure 8.2).

Pediatric dentistry complications 
and challenges
Rebecca L. Slayton and Elizabeth A. Palmer
Department of Pediatric Dentistry, University of Washington School of Dentistry, Seattle, WA, USA

CHAPTER 8

Join us: https://t.me/dental_books_lib



Pediatric dentistry complications and challenges   177

Treatment
Most lesions resulting from self‐induced soft tissue 
trauma are self‐limiting and heal without complica-
tions, although bleeding and infection are possible. The 
child can be given over‐the‐counter analgesics as 
needed for pain. It is important that the injured area is 
kept clean to allow for optimal healing. Alcohol‐free 
chlorhexidine gluconate (0.12%) may be prescribed 
with the following instructions: 1–2 times daily, apply a 
small amount to the affected area with cotton  applicator. 
No antibiotics are recommended unless there are signs 
of soft tissue infection. The healing process may take 
several weeks (Chi et al., 2008).

Nickel allergy
Dental alloys containing nickel are commonly found 
in restorative and orthodontic materials used in the 
dental treatment of children. However, nickel is a 
known allergen. One study (Kerusuo et al., 1996) of 
Finnish adolescents observed that a nickel allergy 
identified with patch testing was present in 30% of 
girls and 3% of boys. This discrepancy between the 
sexes was found to be due to their different prevalence 
of pierced ears. Overall, 31% of adolescents had 
pierced ears compared to 2% with no piercing of ears. 
If an individual is already sensitized to nickel, small 
amounts of nickel being released from a dental material 
could elicit a Type IV hypersensitivity reaction that 
may present clinically as gingival overgrowth, angular 
cheilitis, and labial desquamation in the oral cavity 
(Setcos et al., 2006).

Prevention
When planning to use either nickel‐containing restor-
ative materials or orthodontic appliances, it is important 
to review the patient’s allergies. If the patient has a 
known nickel allergy, one must select alternative nickel‐
free materials (Pazzini et al., 2011).

Treatment
Treatment of a suspected or known nickel allergy requires 
removal of the allergenic material and its replacement 
with a nickel‐free alternative. Resolution of symptoms 
may occur over a short or delayed time period.

(a) (b)

Figure 8.1 (a and b) Self‐inflicted lip trauma after receiving dental treatment with local anesthesia.

Figure 8.2 Placement of a cotton roll between teeth adjacent to 
an anesthetized area of the mouth.
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Premature loss of a primary tooth
A primary tooth may be prematurely lost due to several 
reasons, for example, caries, trauma, or ectopic eruption. 
A newly created space in the dental arch may result in 
the mesial migration or tipping of adjacent molars, dis-
talization of anterior teeth, and/or the altered eruption 
path of permanent teeth. Thus, premature primary 
tooth loss may result in several possible orthodontic 
challenges including crowding, ectopic eruption, dental 
impaction, crossbite formation, and dental midline dis-
crepancies (Laing et al., 2009).

Prevention
Preventing caries and restoring carious tooth surfaces to 
proper contours are important to reduce the risk of 
space loss. When premature loss of a primary tooth is 
unavoidable, a dental space maintainer may be indi-
cated. Referral to a pediatric dentist is recommended if 
the general dentist is not comfortable with fitting bands 
and fabricating space maintainers.

Management
According to the American Academy of Pediatric 
Dentistry (AAPD, 2014b), the following combinations 
of factors must be considered in determining the appro-
priateness and timing of treatment:
 1 Specific tooth lost
 2 Time elapsed since tooth loss
 3 Preexisting occlusion
 4 Favorable space analysis
 5 Presence and root development of permanent 

successor
 6  Amount of alveolar bone covering permanent 

successor
 7 Patient’s health status
 8 Patient’s cooperative ability
 9 Active oral habits
10 Oral hygiene

Patients who are at a greater risk for infection, such 
as  those who are immunocompromised, or are at risk 
for subacute infective endocarditis are not recommended 
to receive space maintainer therapy. Patients who are to 
receive space maintainer therapy must be established 
dental patients who would return for evaluations at 
regular intervals. In addition, they should be able to 
cooperate for the steps needed to fabricate, deliver, adjust, 
and remove the appliance. Because space maintainer 
appliances can trap food and debris, good oral hygiene is 
also important.

When a space maintainer is considered for a pediatric 
patient, an appropriate case selection is imperative as 
there are multiple potential adverse effects of space main-
tainer therapy including the following (Brothwell, 1997):
1 Dislodged, broken, and lost appliances
2 Plaque accumulation
3 Caries
4 Damage or interference with successor eruption 

(Figure 8.3)
5 Undesirable tooth movement
6 Inhibition of alveolar growth
7 Soft tissue impingement
8 Pain

If the patient’s general health, oral hygiene, and ability 
to cooperate support the use of space maintainer therapy, 
the patient’s dental development, occlusion, and the 
specific tooth lost are the next set of considerations. For 
example, a prematurely lost anterior tooth most often 
does not require space maintenance treatment. Space 
maintainer therapy for a prematurely missing primary 
molar should be considered in most cases, except when a 
primary first molar is prematurely lost after the first 
permanent molars have erupted in class I occlusion. 
Additionally, space maintenance is not indicated when 
the permanent successor is near eruption as long as there 
is an adequate spacing for the tooth to erupt. Lastly, space 
maintainer therapy will be most effective when the appli-
ance is delivered at the time of the removal of the primary 
tooth or soon after as the majority of the tooth movement 
of the adjacent teeth occurs soon after the tooth is lost.

Thus, the dental provider must make decisions 
regarding the recommendation for space maintainer 
therapy on an individual need basis weighing the pos-
sible orthodontic challenges that may result without a 
space maintainer versus the patient’s risk for adverse 
outcomes (Figure 8.4).

Figure 8.3 Lower lingual holding arch blocking the eruption of 
lateral incisor.
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Common complications associated 
with behavior guidance

Frequently, children and individuals with special health‐
care needs are unable to cooperate for dental care in the 
traditional setting. Pediatric dentistry training includes 
techniques, both nonpharmacologic and pharmaco-
logic, to manage or guide the behavior of the patient so 
that treatment can be provided in a safe and effective 

manner. General dentists and other specialists may 
choose to refer patients to a pediatric dentist or use the 
techniques described in the succeeding text to manage 
behavior in the clinic or hospital setting.

Referral to a specialist
If the referring dentist does not feel confident that they 
can provide the standard of care in a safe manner, it is 
appropriate to refer a patient to a specialist such as a 

Is the patient immunocompromised or at risk for subacute
infective endocarditis?

No space maintenance

Does the patient come for regularly scheduled recall visits?

Is the patient cooperative in the dental chair?

Does the patient practice good oral hygiene?

No space maintenance

Was the missing tooth a !rst primary molar, second primary
molar, or an anterior tooth?

Does the patient have a paci!er or digit 
sucking habit?

No space maintenance

Consider space maintenance

Are the !rst permanent molars erupted
and in Class I occlusion?

Are the !rst permanent molars erupted?

Consider distal shoe appliance

No space maintenance

No space maintenance

Consider space maintenance

Is there adequate spacing for the permanent 
successor to erupt?
Does the permanent successor have a developed 
root and is the tooth near eruption?

Yes

No

Anterior tooth

No

YesFirst primary molar No

Yes

Yes No

Yes No

Second primary molar

Yes

No

Figure 8.4 Decision tree for the consideration of a space maintainer.
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pediatric dentist. The referral should include the child’s 
relevant demographic information, medical history, and 
the purpose of the referral. If any radiographs are avail-
able, they should be sent with the referral to avoid 
 having to reexpose the patient. If the patient is being 
referred for a specific procedure with the expectation 
that the referring dentist will provide ongoing care for 
the patient, this should be made clear on the referral 
form. Most specialists have a referral form available on 
their website that can be filled out online and emailed 
or faxed to their office.

Complications associated with nitrous oxide
For children and adolescents who are anxious about 
dental treatment, nitrous oxide analgesia can be a very 
effective tool to relieve anxiety and facilitate care 
(AAPD, 2014a). There are a few known contraindica-
tions to the use of nitrous oxide, including vitamin B12 
(cobalamin) deficiency, 5,10‐methylenetetrahydrofo-
late reductase (MTHFR) deficiency, chronic obstructive 
pulmonary disease, and first trimester of pregnancy 
(Selzer et al, 2003; Sanders, Weimann, and Maze, 2008; 
AAPD, 2014a). High levels of nitrous oxide may cause 
nausea or vomiting, and inhalation of 100% nitrous 
oxide has been known to result in death from asphyxi-
ation (Winek, Wahba, and Rozin, 1995). Although 
nitrous oxide has been used for decades in both medi-
cine and dentistry, there have been questions about its 
safety recently, particularly in relation to the developing 
and the aging brain (Baum 2007; Sanders, Weimann, 
and Maze, 2008). Studies in immature and adult rats 
have shown that nitrous oxide has neurotoxic effects in 
the brain (Baum, 2007). The human brain matures at a 
slower rate than rodents’ and current evidence does not 
support a similar action in humans. It is an area of 
continued research.

Prevention
Avoid using nitrous oxide when it is contraindicated. As 
patients might not be aware of vitamin B12 or MTHFR 
deficiency, reviewing family history is important. 
Vegetarians and vegans have a greater likelihood of hav-
ing vitamin B12 deficiency. Asking questions about diet 
may reveal a possible deficiency in vitamin B12. Nitrous 
oxide delivery systems (Pawlak, Lester, and Babatunde, 
2014) should be tested and calibrated at the time of 
installation and on an annual basis to ensure that the 
gauge readings accurately reflect the quantity of nitrous 

oxide and oxygen being delivered to the patient and to 
confirm that the scavenging system is functioning effec-
tively. In a fail‐safe delivery system, the delivery of 
nitrous oxide is always in combination with oxygen. 
The system should never be able to deliver less than 
30% oxygen. Safe levels of nitrous oxide for children 
range from 20 to 50%. A well‐fitted nasal hood will 
minimize the loss of nitrous oxide into the surrounding 
atmosphere and decrease its exposure to the chairside 
provider and assistant. Some state boards recommend 
the use of a pulse oximeter to monitor oxygen satura-
tion during the use of nitrous oxide. Some states also 
require specific permits in order to administer nitrous 
oxide. Training on the proper use and monitoring of 
nitrous oxide is strongly encouraged.

Treatment
Nitrous oxide is titrated in specific volumes with oxygen 
to achieve the desired level of analgesia. At the end of 
treatment, it is important to have the child breathe 
100% oxygen for 5 min to clear any residual nitrous 
oxide from their lungs. Other indications requiring 
suspension of nitrous oxide and delivery of 100% 
oxygen include any signs of respiratory distress, excita-
tion, nausea, or vomiting.

Sedation complications
Sedation is defined by either the route or the level of 
sedation achieved. Recently, most professional organi-
zations and state dental boards define the levels of 
sedation (minimal, moderate, and deep) regardless of 
the route used to deliver the drugs. Sedating patients 
of any age requires advanced education and training to 
be knowledgeable about appropriate drug doses and 
appropriate monitoring of vital signs and to be prepared 
to manage complications. In healthy children, most 
sedation‐related complications are due to a compro-
mised airway. Patient selection and compliance with 
guidelines from the AAPD (2014b) and the American 
Academy of Pediatrics are essential to minimize risk and 
maximize success. In young children, effective sedation 
may lead the dentist to attempt to provide more dental 
treatment than appropriate, resulting in either an over-
dose of local anesthetic or ineffective pain management. 
Local anesthetic dose should be based on the weight of 
the child and should not exceed 4.4 mg/kg for 2% lido-
caine with 1:100 000 epinephrine. Oral sedative medi-
cations are also weight based and once administered 
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should not be redosed. Emergency drugs and reversal 
agents should be present in the clinic and kept current.

Complications may arise from the overdose of seda-
tive medications, overdose of local anesthetic agent, 
aspiration of foreign objects related to the patient hav-
ing diminished protective reflexes, airway obstruction 
due to poor head positioning, and unknown drug 
allergy. Any dental provider who sedates patients must 
have advanced education and training to be able to 
manage and rescue patients from these potential 
complications.

General anesthesia
For very young children, children, and young adults 
with severe anxiety or with special health‐care needs, it 
is frequently necessary to provide treatment under gen-
eral anesthesia in either a hospital or outpatient surgical 
center. Only providers with training in anesthesiology 
and appropriate licensure in the state that they are 
practicing in should administer general anesthesia. In 
most cases, all necessary dental treatment can be com-
pleted in one session because local anesthetic is not gen-
erally used and therefore is not a limitation. Guidelines 
from the AAPD recommend limiting treatment under 
general anesthesia in an office‐based setting to children 
over 24 months of age and American Society of 
Anesthesiology (ASA) classification I or II (AAPD, 
2014b, 2014c). However, the ultimate decision about 
which patients are safe and appropriate to be treated in 
an office‐based setting under general anesthesia relies 
on the clinical judgment and evaluation of the anes-
thesia provider.

Protective stabilization or medical immobilization
This method of behavior guidance may involve the use 
of a “papoose board” or immobilization wrap (passive 
restraint) or the involvement of one or more individuals 
holding the patient’s hands or head (active restraint). 
The purpose of this type of behavior guidance is to 
secure the patient for a short period of time to accom-
plish specific, often urgent treatment in a patient who is 
unable or unwilling to cooperate (AAPD, 2014d). Most 
commonly, this is used for a very young child with a 
traumatic injury or infection or for a patient with devel-
opmental disabilities who needs an oral assessment and 
urgent treatment. In some cases, protective stabilization 
is also used while a patient is sedated. The goal is to 
minimize harm to the patient and the health‐care 

providers and facilitate evaluation or treatment in a safe 
way. Informed consent from the child’s parent/guardian 
for the use of a stabilization wrap is essential.

Informed consent
Informed consent may be written or verbal. For legal 
reasons, it is best to have consent documents in writing 
(AAPD, 2014e). The purpose of informed consent is to 
provide the patient or parent/guardian (for underage 
patients) with information regarding the diagnosis and 
recommended treatment options so that they can make 
an informed decision about care. An informed consent 
document should also include the potential benefits and 
risks of all treatment alternatives including a risk of no 
treatment. For families whose first language is not 
English, an interpreter must be present to explain the 
consent document in the patient’s and parent’s primary 
language.

Common complications associated 
with developmental anomalies

By definition, developmental anomalies cannot be pre-
vented. They are anomalies of tooth or jaw development 
that are influenced by genetics or by an interaction bet-
ween genes and environment. Timely and appropriate 
treatment can minimize future complications.

Supernumerary teeth
Complications related to supernumerary teeth include 
interference with the eruption of permanent teeth, 
ectopic eruption, or crowding (Cameron and Widmer, 
2003) (Figure  8.5a and b). Multiple supernumerary 
teeth are associated with syndromes such as cleidocra-
nial dysplasia or Gardner syndrome (Slayton, 2013) 
(Figure 8.6).

Treatment
Supernumerary teeth are usually detected radiographi-
cally (Figure 8.5a). In some situations, the extra tooth 
erupts within the normal arch form or slightly out of the 
arch on the palate or lingual/buccal gingiva (Figure 8.5b). 
The timing of surgical excision of supernumerary teeth 
depends on their location, their stage of development, 
and the development of adjacent teeth. It is important 
to minimize damage to the developing permanent teeth. 
To help plan the surgical approach, multiple periapical 
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radiographs taken at different angles (same‐lingual, 
opposite‐buccal (SLOB) rule) or cone beam computed 
tomography should be used to locate the extra tooth or 
teeth in three dimensions.

Hypodontia
Developmentally missing teeth is a fairly common find-
ing in children. Hypodontia is the term used to describe 
the absence of one or more teeth. The incidence of 
hypodontia in the primary dentition is less than 1%, 
while in the permanent dentition, it ranges from 1.5 to 
10% (excluding third molars) (Slayton, Brickhouse, 
and Adair, 2011). The most frequently missing teeth are 
the third molars, followed by mandibular second pre-
molars (Figure 8.7), maxillary lateral incisors, and then 

maxillary second premolars. Hypodontia can occur as 
an isolated finding or associated with syndromes such as 
ectodermal dysplasia (Figure  8.8), orofaciodigital syn-
drome, or Williams syndrome, among others. There are 
over 150 different types of ectodermal dysplasia with 
every known inheritance pattern. Complications of one 
or more missing permanent teeth include esthetic con-
cerns, excess spacing, and alveolar bone loss.

Treatment
The age of the patient, number and location of the 
missing teeth, and presence of other systemic findings are 
important considerations in terms of the treatment of 
hypodontia. When premolars are missing, every attempt 
should be made to maintain the primary molars until the 

(a) (b)

Figure 8.5 (a and b) Erupted mesiodens clinical and radiographic images.

Figure 8.6 Multiple supernumerary teeth. Figure 8.7 Hypodontia of premolars.
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patient is old enough to consider placement of implants. 
Since ankylosis occurs more frequently in  primary molars 
with no successors, it is important to monitor these teeth 
on a regular basis. Replacement of developmentally 
missing teeth may include removable partial dentures in 
the growing patient, orthodontic movement of teeth into 
the place of the missing teeth (e.g., canine replacement 
for lateral incisors), fixed bridges, or implants once the 
child has finished growing. When multiple teeth are 
missing, as in patients with ectodermal dysplasia, remov-
able dentures can be made as soon as the child is able to 
tolerate impressions. For young children, in whom the 
primary objective is to improve esthetics, maxillary den-
tures are easier to  tolerate than mandibular dentures. 
Because the mandibular alveolar ridge is often very 
underdeveloped in children with ectodermal dysplasia, 
fabrication of a functional mandibular denture is chal-
lenging. Once children with ectodermal dysplasia have 
finished growing, implants or implant‐retained dentures 
are indicated, often following bone grafts to enhance the 
alveolar ridge. Referral to a prosthodontist is recom-
mended. Resources for families and providers are avail-
able from the National Foundation for Ectodermal 
Dysplasias (www.nfed.org).

Dens invaginatus
This anomaly is described as an invagination of the 
inner enamel epithelium and can result in a carious 
communication between the occlusal environment and 
the pulp (Cameron and Widmer, 2003; Slayton, 
Brickhouse, and Adair, 2011). It is most commonly 
found in permanent maxillary lateral incisors but may 
also occur in permanent canines and premolars 
(Figure 8.9). This altered anatomy puts the tooth at risk 
for irreversible pulpitis and necrosis due to the commu-
nication between oral bacteria and pulp tissue.

Treatment
This anomaly is generally detected radiographically 
during routine examinations. If detected prior to the 
development of irreversible pulpitis or pulp necrosis, 
a sealant is recommended to eliminate communica-
tion between the pulp and the oral microbial envi-
ronment. If the tooth first presents with signs of 
irreversible pulpitis or necrosis, it is necessary to 
perform root canal therapy for a closed apex tooth or 
pulp regeneration therapy for an open apex tooth 
(Cohenca, Paranjpe, and Berg, 2013). Regenerative 
endodontics is a relatively new procedure intended 
to promote the continued development of immature 
roots and surrounding tissues by restoring health to 
the pulp tissue. This procedure is indicated for a 
tooth with pulp necrosis and an immature apex. It is 
an alternative to apexification or extraction. The 
regenerative procedure involves disinfection of the 
canal followed by induction of bleeding within the 
canal. Stem cells located in the apical papilla of 
immature teeth are stimulated by  this process and 
aid in root development (Cohenca, Paranjpe, and 
Berg, 2013; Hargreaves, Diogenes, and Teixeira, 
2013). More information about the proce dure and 
access to the database of cases treated using this 
procedure is available on the website of the American 
Association of Endodontists (http://www.aae.org/
regeneration/).

Figure 8.8 Multiple missing teeth in ectodermal dysplasia.

Figure 8.9 Radiograph of dens invaginatus in canine and 
premolar (taurodontism also present).
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Dens evaginatus
There have been a variety of names used to describe this 
anomaly including enamel tubercle, odontome, occlusal 
enamel pearl, and evaginatus odontoma (Levitan and 
Himel, 2006). The preferred terminology recommended 
by Oehlers, Lee, and Lee in 1967 is dens evaginatus 
(DE) (Oehlers, Lee, and Lee, 1967). This developmental 
anomaly is caused by an evagination of the enamel 
 epithelium and often results in the pulp chamber 
extending into an extra cusp (Cameron and Widmer, 
2003; Slayton, Brickhouse, and Adair, 2011). The most 
commonly affected teeth are the mandibular premolars 
(Figure 8.10). The reported frequency varies from 0.5 to 
4% and is more common in females and in persons of 
Asian descent (Cameron and Widmer, 2003; Levitan 
and Himel, 2006). The cusp is more susceptible to wear 
or fracture and subsequent pulp exposure, irreversible 
pulpitis, or necrosis.

Treatment
Treatment recommendations vary depending on the 
status of the tooth at the time of examination. Levitan 
and Himel (2006) describe six “types” of DE with specific 
recommendations for each type. The description of 
each type includes the pulpal status (normal, inflamed, 
or necrotic) and the development of the root apex 
(mature or immature). For teeth with normal pulpal 
status, the application of resin composite around and 
over the tubercle combined with occlusal adjustment of 
the opposing tooth is recommended. When the tooth is 

inflamed or necrotic with a mature apex,  pulpotomy or 
root canal therapy is indicated. Often, this anomaly is not 
detected until after the tooth has become necrotic. When 
this happens in a tooth with an immature root apex, 
treatment options to consider are apexification, pulp 
regeneration, and extraction. Apexification is a procedure 
that involves debridement of the necrotic pulp tissue fol-
lowed by placement of calcium hydroxide. The patient 
should be seen for evaluation and replacement of the 
calcium hydroxide every 3 months until root formation is 
complete. This may take an average of 8 months or more 
and will require close monitoring clinically and radio-
graphically (Rafter, 2005). Once a calcific barrier has 
formed, traditional root canal treatment can be initiated. 
Pulpal regeneration is described in section “Dens invagi-
natus” and in Chapter  3 (Endodontic complications). 
Sequential reduction of the enamel portion of the extra 
cusp has been recommended in the past to decrease the 
risk of fracture and pulp exposure by stimulating repara-
tive dentin (Levitan and Himel, 2006). There is limited 
evidence to support this approach, and the risk for caus-
ing a microscopic pulp exposure is significant.

Enamel hypoplasia
This term describes a defect in the quantity of enamel 
but is sometimes also used to describe defects in an 
enamel quality. There are many acquired, systemic 
causes of this anomaly including prenatal nutrition, pre-
natal or perinatal infections (rubella embryopathy, syph-
ilis, cytomegalovirus), premature birth (Mast et al., 2013; 
Nelson et al., 2013), or dental trauma, among others. 
There are also genetic causes and associations with 
specific genetic syndromes such as Down syndrome, 
tuberous sclerosis, epidermolysis bullosa, and cleidocra-
nial dysplasia (Wright, Carrion, and Morris, 2015).

Treatment
Teeth with enamel hypoplasia are at an increased risk 
for caries, have increased sensitivity to stimulation, and, 
in the anterior region, present an esthetic challenge 
(Figure 8.11). Depending on the extent of the defect and 
the quality of the enamel, restorative treatment is indi-
cated to reduce the risk for caries and to decrease sensi-
tivity and improve anterior esthetics. When there is a 
lack of enamel, but the quality is acceptable, sealants or 
composite restorations should be attempted. If the defect 
is extensive and the enamel appears chalky, full coverage 
is indicated (Figure 8.12). For young permanent molars, Figure 8.10 Clinical image of dens evaginatus in a premolar.
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well‐fitted stainless steel crowns are recommended using 
minimal reduction of tooth structure (Croll, 2000). 
When enamel hypoplasia is diagnosed when tooth 
eruption is incomplete, temporary glass ionomer resto-
rations are indicated until the tooth has fully erupted. 
For older adolescents or young adults, permanent 
crowns are recommended. Frequently, adequate anes-
thesia may be difficult to achieve in molars with enamel 
hypoplasia that have been given local anesthesia. 
Sedation or general anesthesia may be needed to accom-
plish treatment.

Ankyloglossia
Also known as “tongue tie,” this anomaly is relatively 
common in newborn babies and children. Ankyloglossia 
arises when the lingual frenum is shorter than normal, 
resulting in restriction of the movement of the tip of 
the tongue. In babies, it may interfere with the ability 
to latch on to the mother’s nipple for an effective 
breastfeeding (Cameron and Widmer, 2003; Kupietsky 
and Botzer, 2005). In childhood, severe ankyloglossia 
may impede speech articulation (Webb, Hao, and 
Hong, 2013) and can limit the ability to clear food 
debris from the buccal vestibule and around the teeth 
(Figure 8.13a and b).

Treatment
For infants demonstrating difficulty with breastfeeding, 
the recommended treatment is a lingual frenotomy 
(Power and Murphy, 2015). This is a fairly simple 
procedure due to the very thin, relatively avascular 
nature of the lingual frenum in the first few months of 
age. The procedure involves retraction of the tongue 

Figure 8.11 Incisor enamel hypoplasia.

Figure 8.12 Molar enamel hypoplasia.

(a) (b)

Figure 8.13 (a and b) Ankyloglossia in an infant and a young child.
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with sterile gauze and then careful cutting of the 
frenum with sterile surgical scissors. Topical anesthetic 
may be used but is not required because the procedure 
is associated with little discomfort and must be bal-
anced with the risk of benzocaine exposure in the 
infant (Ovental et al., 2014).

Osteogenesis imperfecta
Osteogenesis imperfecta (OI) is a heterogeneous disorder 
with an autosomal dominant inheritance pattern, result-
ing in brittle bones. There are seven well‐ characterized 
types of OI, and overall, the prevalence is 1 in 15 000–
20 000 births (Patel et al., 2015). Most cases are due to 
a mutation in the COL1A1/COL1A2 genes, resulting 
in defects in the quality or quantity of Type I collagen 
(Willing et al., 1996). In some cases, OI is associated 
with dentinogenesis imperfecta (DI), a defect in dentin 
development (discussed later). OI has variable expre -
ssivity including lethality in the perinatal period, 
extreme bone fragility, or a mild presentation with 
minimal fracture risk.

Treatment
Routine preventive dental care is recommended for 
patients with OI to minimize the risk for caries and the 
need for restorative treatment. Patients with mild (Type I) 
OI can be treated in the traditional dental setting. 
Patients with severe forms (Type III or Type IV) of OI are 
frequently nonambulatory and should either be exam-
ined in their wheel chair or carefully transferred to the 
dental chair by a family member who is familiar with 
the child’s ability to tolerate this type of transfer. When 
children with OI also have DI, there is an increased risk 
for caries and dental abscess. The prevalence of OI with 
DI is not well documented, but a recent cross‐sectional, 

multicenter study found that DI occurs in all types of OI 
and is most common in Type III OI (Patel et al., 2015). In 
this case, it is recommended that the treatment be per-
formed in the hospital under general anesthesia by a 
pediatric dentist or oral and maxillofacial surgeon who 
is familiar with this condition. The risk for fracture of 
the jaw during an extraction or fracture of other bones 
during an intubation or positioning on the treatment 
table is high (Slayton, 2013). Frequently, patients with 
OI are treated with intravenous bisphosphonates to 
increase bone density and decrease the risk of long bone 
fractures. There is some evidence to demonstrate the 
effectiveness of this therapy on bone mineral density 
(Kusumi et al., 2015). To date, there is no evidence that 
treatment with bisphosphonates in children with OI 
puts them at an increased risk for osteonecrosis of the 
jaw (Maines et al., 2012).

Dentinogenesis imperfecta
Developmental anomalies of tooth formation are 
uncommon but not rare. DI is caused by a genetic defect 
of dentin development and is inherited in an autosomal 
dominant manner. The most common documented 
 genetic mutation is in dentin sialophosphoprotein (DSPP) 
(Li et al., 2012). Frequently, multiple family members 
from multiple generations report having this disorder. 
In some cases, it is associated with OI. The presentation 
of this disorder varies considerably from one individual 
to the next. In some, the teeth are of a normal size and 
shape but have a bluish or grayish opalescent appear-
ance. In others, the enamel appears to be missing, leav-
ing a yellowish, brown dome of dentin (Figure  8.14a 
and b). The extreme wear leads to the loss of vertical 
dimension, tooth sensitivity, and an increased risk for 
an abscess.

(a) (b)

Figure 8.14 (a and b) Clinical images of dentinogenesis imperfecta in primary and permanent teeth.
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Treatment
Teeth affected by DI generally require full‐coverage res-
torations both in the primary and permanent dentitions. 
In the primary dentition, posterior stainless steel crowns 
are recommended as soon as there are signs of occlusal 
wear. This often must be done under general anesthesia 
because of the extent of treatment needs and the young 
age of the child when this is indicated (2–3 years of age). 
If enough tooth structure is present in the anterior sex-
tants, esthetic crowns are indicated. For children, these 
options include stainless steel crowns with esthetic resin 
facings or prefabricated zirconia crowns. When the pri-
mary anterior teeth show excessive wear, it may be 
impossible to restore them. Options for providing tem-
porary esthetic solutions include a removable partial 
overdenture (Figure 8.15) or extraction and fabrication 
of a fixed pedo partial. Permanent incisors may be 
treated with composite veneers until the child is old 
enough for full‐coverage porcelain crowns.

Amelogenesis imperfecta
Amelogenesis imperfecta (AI) is a genetic anomaly of 
tooth development. There are three primary types and 
14 subtypes of this disorder (Slayton, 2013). To date, 10 
genes have been identified that are responsible for this 
condition, and the inheritance patterns include auto-
somal dominant, autosomal recessive, and x‐linked 
recessive (Wright, Carrion, and Morris, 2015). The phe-
notypes vary considerably but generally result in defects 
in the quality or quantity of enamel. Teeth appear 

yellowish or brownish in color and may be pitted or 
chalky in texture (Figures  8.16 and 8.17). Frequently 
teeth with AI are very sensitive, making it difficult for 
children to eat or to maintain good oral hygiene without 
experiencing discomfort. Although these patients often 
present with caries, it should be recognized that the 
underlying condition has contributed to their increased 
susceptibility to plaque retention and subsequent caries 
lesions.

Treatment
Treatment options vary based on the type of amelogen-
esis and the symptoms the child is experiencing. 
Esthetics is a concern for all types of AI and usually 
requires full‐coverage crowns in the posterior teeth and 
veneer or full‐coverage crowns in the anterior teeth. In 

Figure 8.15 Partial overdenture to provide esthetics for young 
girl with dentinogenesis imperfecta.

Figure 8.16 Amelogenesis imperfecta with incisor pitting.

Figure 8.17 Amelogenesis imperfecta with significant loss of 
enamel and brown discoloration.
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the primary dentition, the goal should be reduction of 
sensitivity and caries risk in the posterior teeth through 
the use of stainless steel crowns and improvement of 
esthetics in the anterior teeth with preveneered crowns 
or prefabricated zirconia crowns. In the permanent den-
tition, stainless steel crowns on molars may serve as a 
temporary restoration, but for older adolescents and 
young adults, permanent crowns are recommended. If 
the enamel quality is sufficient to allow bonding of 
composite restorations, veneers in the anterior teeth are 
good choices for young adolescents. If the enamel 
quality is poor, full coverage may be required. These are 
challenging restorative cases that would benefit from 
the expertise of a prosthodontist (Millet et al., 2015).

Common complications associated 
with eruption anomalies

Ectopic eruption and impaction of 
permanent teeth
Permanent incisors, canines, and molars may exhibit 
aberrant eruption patterns with distinct etiology. 
Identification of an accurate cause of the ectopic 
eruption or impaction is important for the development 
of an appropriate treatment plan. The goal of early 
management of the eruption anomaly is to minimize 
the potential extent of the malocclusion. However, the 
patient may still need comprehensive orthodontic 
treatment even after the localized issue is addressed.

Ectopic eruption and impaction of 
permanent incisors
Permanent maxillary incisors may erupt ectopically or 
become impacted for several reasons. The presence of a 
supernumerary tooth may alter the eruption of the 
permanent successor. Pulpal necrosis of a primary incisor 
from trauma or caries may also result in the altered 
eruption of the permanent successor (Figure  8.18). 
Additionally, one study (Coll and Sadrian, 1996) found 
that after a primary incisor has been treated with a 
 pulpectomy, there is a 20% probability of its permanent 
successor erupting palatally or in anterior crossbite.

Prevention
It is pertinent to monitor for the ectopic eruption of a 
permanent incisor after a primary incisor has experi-
enced trauma and has been treated with a pulpectomy 

or if a supernumerary tooth has been identified. The 
asymmetric eruption of an incisor relative to its contra-
lateral match may indicate an ectopic eruption pattern 
and the presence of an impacted tooth and/or a super-
numerary tooth.

Treatment
Once ectopic eruption of a maxillary incisor is diag-
nosed, it is important to minimize the potential impact 
by addressing the associated etiology. If a supernu-
merary tooth (unerupted or erupted) has been identi-
fied, which is impeding or altering the path of eruption 
of a permanent incisor, the supernumerary tooth should 
be removed. If the primary tooth is over‐retained, 
necrotic, or pulpally involved, it should be removed. 
After the permanent incisor has erupted into the dental 
arch, either removable or fixed appliance therapy may 
be used to move the ectopically erupted tooth into a 
more desirable position.

Ectopic eruption and impaction of 
permanent canines
Permanent maxillary canines are impacted in 1–2% of 
the population. 85% of impacted canines occur palatally 
while 15% occur buccally (Richardson and Russell, 
2000). Maxillary canine impaction has a genetic predis-
position. A maxillary canine that is impacted buccally is 
frequently associated with inadequate arch length 
(dental crowding) and may erupt vertically, buccally, 
and higher in the alveolus. Palatally impacted maxil-
lary canines are associated with other dental abnormal-
ities such as congenitally missing teeth and small, 

Figure 8.18 Ectopic eruption of maxillary lateral incisors.
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peg‐shaped or missing lateral incisors. A palatally 
impacted maxillary canine may cause root resorption 
and possibly result in loss of the permanent incisors if 
left untreated (Figure 8.19).

Prevention
Early detection of an impacted permanent canine can be 
accomplished by clinical and radiographic evaluation. 
Clinically, a canine bulge that is not palpable by the age of 
9–10 years, asymmetric canine eruption pattern, over‐
retention of the primary canine, distal tipping of the 
permanent lateral incisor, and other dental anomalies, 
such as a peg‐shaped or missing lateral incisor, should 
alert the provider that an aberrant eruption pattern of the 
canine is possible. Radiographic survey including a pano-
ramic radiograph as well as two periapical views or 
computed tomography will locate the impacted canine in 
the alveolus in relation to the other teeth.

Treatment
If a maxillary canine is determined to be erupting buc-
cally or palatally, or has the potential to become impacted, 
extraction of the primary canine is the interceptive 
treatment of choice before the age of 11 years (Ericson 
and Kurol, 1988; Bedoya and Park, 2009). If radiographic 
signs of root resorption of the maxillary permanent inci-
sors from an ectopically erupting permanent canine are 
evident, the primary canine should be extracted. Studies 
have found that extraction of the primary canine results 
in 68–78% rates of normal permanent canine eruption 
(Ericson and Kurol, 1986; Power and Short, 1993). 
However, if there is no improvement in the eruption path 

of the permanent canine after 12 months, surgical 
exposure and orthodontic eruption may be indicated. It 
may be prudent to consult with an orthodontist at any 
stage of this process.

Ectopic eruption and impaction of 
permanent molars
Ectopic eruption of the first permanent molar may occur 
when the tooth erupts both in vertical and in mesial 
directions within the alveolus. The erupting permanent 
molar may resorb the distal root of the second primary 
molar crown and can become impacted under the distal 
portion of the primary molar. Ectopically erupted first 
permanent molars occur in up to 3% of the pediatric 
population and are more common in pediatric patients 
with cleft lip and palate (Barberia‐Leasche, Suarez‐Clus, 
and Seavedra‐Ontiveros, 2005). Usually, no pain or dis-
comfort is associated with the condition unless commu-
nication develops between the oral cavity and the pulpal 
tissue of the primary molar, resulting in an abscess. 
Sixty‐six percent of ectopically erupting first perma-
nent molars will spontaneously self‐correct by moving 
 distally and erupting into the correct position by age 
7 years. In other instances, the permanent molar gets 
“stuck” under the primary molar crown and no longer 
erupts (Yaseen, Naik, and Uloopi, 2011). They are often 
identified because of an asymmetric eruption pattern or 
via radiographic evaluation with a bitewing or pano-
ramic radiograph. Ectopically erupting first permanent 
molars may resorb a significant portion of the second 
primary molar and cause early exfoliation of that tooth 
and a potential 6–8 mm of space loss if the condition is 
not managed upon initial occurrence.

Prevention
Early identification and monitoring are indicated in 
order to prevent the possible early loss of the second pri-
mary molar (Figure  8.20). If self‐correction does not 
occur by age 7 years, treatment is necessary. Additionally, 
if the second primary molar has a stainless steel crown 
restoration, the permanent molar can become posi-
tioned under the crown itself and may be unable to 
self‐correct.

Treatment
The goal of the treatment is to move the ectopically 
erupting tooth away from the tooth it is resorbing, allow 
it to erupt, and retain the second primary molar. The 

Figure 8.19 Radiograph of palatally impacted canines.
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extent of resorption of the primary root structure, the 
amount of movement needed, and the amount of 
permanent molar visible determine the intervention 
options available. A minimal impaction may be treated 
with an orthodontic separator placed interproximally 
between the second primary molar and the first 
permanent molar. A more severe impaction may require 
the use of a brass wire or tipping orthodontic appliance 
to distally tip the first permanent molar. In the case 
where the permanent molar is trapped under the 
stainless steel crown of the second primary molar, 
removal of the stainless steel crown is indicated. In the 
most severe presentation of ectopic eruption of the first 
permanent molar, the second primary molar must be 
extracted and the first permanent molar distalized once 
it is erupted.

Ankylosis
Ankylosis is the union of the radicular cementum with 
the alveolar bone due to a localized lack of periodontal 
ligament (PDL). An ankylosed tooth is diagnosed clini-
cally by infraocclusion, a high‐pitched metallic sound 
with percussion (as opposed to the cushioned sound of 
a normal tooth with an intact PDL), and lack of tooth 
mobility. An area of missing PDL space may also be evi-
dent radiographically.

Primary tooth ankylosis
Ankylosis of primary teeth occurs most frequently in man-
dibular molars followed by the primary maxillary molars. 
McKibben and Brearlley (1971) reported an incidence of 
7–14% in primary teeth. Additionally, 50% of children 
with an ankylosed tooth will have at least one additional 
ankylosed tooth. Several sequelae are reported with the 
presence of an ankylosed primary molar, including arch 
length loss, alveolar bone defects, and occlusal distur-
bances; however, these are transient and will resolve once 
the permanent successor erupts (Figures 8.21 and 8.22).

Figure 8.20 Ectopic eruption of permanent molar.
Figure 8.21 Radiograph of ankylosed primary maxillary and 
mandibular second molars.

Figure 8.22 Clinical image of ankylosed primary mandibular 
second molar with significant infraocclusion.
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Treatment
In a recent systematic review (Tieu et al., 2013), the 
authors concluded that most ankylosed primary teeth 
tend to resorb and exfoliate on their own and there-
fore recommended monitoring ankylosed molars for 
6–12 months past the expected exfoliation period. If, 
however, the permanent successor is erupting ectopi-
cally or if the adjacent teeth have tipped sufficiently 
over the infraoccluded tooth as to prevent the 
eruption of the permanent successor, then extraction 
of the ankylosed tooth should be considered. 
Ankylosed teeth without permanent successors may 
be retained and restored in the absence of dental 
crowding, unless the ankylosed tooth is associated 
with a significant vertical step in bone height com-
pared to the adjacent teeth. In that instance, extrac-
tion of the ankylosed tooth and an appropriate 
orthodontic or prosthetic treatment plan should be 
developed. Extraction of ankylosed primary molars 
that do not have permanent successors may also be 
considered to alleviate dental crowding. Additionally, 
an ankylosed primary anterior tooth should be 
extracted if it is interfering in the eruption of its 
permanent successor (Ekim and Hatibovic‐Kofman, 
2001).

Permanent tooth ankylosis
Ankylosis of a permanent tooth occurs most often fol-
lowing a traumatic luxation injury. The most common 
location is the anterior region. This type of ankylosis is 
also termed replacement resorption. In this instance, the 
root structure is replaced by bone either rapidly or grad-
ually. The remodeling process may be transient or result 
in an eventual loss of the tooth (Lin et al., 2014). If anky-
losis of a permanent tooth occurs during active eruption 
or during continued growth of the anterior maxilla, the 
adjacent teeth will continue to erupt while the anky-
losed tooth remains in the same position. Eventually, 
there will be a distinct discrepancy between the posi-
tions of the ankylosed tooth and the adjacent teeth 
(Figure 8.23).

Prevention
Because replacement resorption most often occurs fol-
lowing a luxation injury, timely and appropriate 
treatment of the injury is necessary to minimize the 
potential development of replacement resorption (see 
section “Dental trauma to permanent teeth”).

Treatment
When a permanent tooth is undergoing replacement 
resorption, treatment options for the tooth include the 
following: monitoring, extraction, and decoronation. 
Decoronation is a procedure that involves laying a gin-
gival flap to expose the crown and alveolar bone. The 
crown of the tooth is removed along with any root canal 
filling material placed previously. Irrigation with sterile 
saline and instrumentation of the canal is performed to 
bring blood from the apical area of the tooth into the 
canal space. The gingival flap is then sutured to cover 
the exposed root. Clinical and radiographic evaluation is 
done on a regular basis to monitor replacement root 
resorption (Cohenca and Stabholz, 2007). An appro-
priate short‐ and long‐term orthodontic and prosthetic 
plan should be developed.

Common complications associated 
with dental trauma

The risk for dental trauma in children begins with their 
first step and continues through adolescence. Eighteen 
percent of all injuries in children 0–6 years of age 
involve the mouth and teeth (Malmgren et al., 2012). In 
school‐aged children, 25% have experienced dental 
trauma (DiAngelis et al., 2012). In the age group bet-
ween 1 and 3 years, most injuries to the mouth are due 
to falls (Malmgren et al., 2012), while in the older age 
groups, sports injuries, automobile accidents, and 
assaults are frequent causes (Kambalimath et al., 2013). 

Figure 8.23 Ankylosed permanent maxillary incisor following 
traumatic dental injury.
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The timeliness and appropriateness of treatment for 
traumatic dental injuries are critical for the best long‐
term prognosis. Guidelines published by the Inter-
national Association for Dental Traumatology are 
considered the standard of care for the management of 
traumatic injuries to both primary and permanent teeth 
(http://www.iadt‐dentaltrauma.org/).

Dental trauma to primary teeth
Oral injuries are the second most common type of injury 
based on location and account for 18% of all somatic 
injuries in children aged 0–6 years (Glendor et al., 1996; 
Petersson et al., 1997; Glendor and Andersson, 2007). 
Maxillary incisors are the most often injured teeth; the 
frequency of trauma to these teeth is two to three times 
more likely in children with a pronounced overjet and 
protruding incisors. Trauma to the primary dentition 
and the alveolus may result in one or more of several 
potential sequelae to the succedaneous teeth including 
discoloration, hypoplasia, impaction, and eruption 
abnormalities (Andreasen et al., 1971; Holan and Ram, 
1999; do Espirito Santo Jacomo and Campos, 2009). 
Additionally, following luxation injuries, primary teeth 
often become discolored yellow, brown, pink, or gray 
color, either transiently or permanently (Borum and 
Andreasen, 1998) (Figure 8.24).

Prevention
It is important to provide the family with appropriate 
age‐based anticipatory guidance that includes trauma 
prevention and management at regular recall visits. 
Health‐care providers who treat children should 

provide guidance to families about ways to child‐proof 
their home as infants start learning to walk to prevent 
tripping over or bumping their mouths onto low tables. 
Injuries that are unexplained or do not fit the descrip-
tion provided by the parent or caregiver should be 
investigated to rule out child abuse. Dental providers 
are mandated reporters of any suspected instances of 
child abuse and neglect to state child protective services 
or law enforcement agencies.

Treatment
Treatment of injuries to the primary detention should 
follow the guidelines set forth by the International 
Association of Dental Traumatology (IADT) (Table 8.1).

Prior to addressing any hard and soft tissue injuries, 
it is important to review the patient’s medical history, 
including tetanus immunization status, perform an 
accurate head and neck examination, and refer to a 
physician if there are any systemic concerns. 
Additionally, the patient’s ability to cooperate for an 
examination, taking of radiographs, and treatment 
should be considered when developing a treatment 
plan. The IADT treatment recommendations are 
focused on minimizing any subsequent risks of damage 
to the permanent successors. Avulsed primary teeth 
are not reimplanted. Minor luxation injuries to pri-
mary teeth that do not result in occlusal interference 
may be left without an intervention. Severely luxated 
primary incisors that have resulted in occlusal inter-
ference are treated by repositioning (with possible 
need for splinting) or extraction. Simple crown 
fractures are either repaired by composite or left to be 
monitored. Teeth that have complex crown fracture 
(with resulting pulp exposure) must either receive 
pulp treatment followed by restorative repair or be 
extracted.

It is important to stress to the patient and caregiver 
that the mouth needs to be kept very clean to promote 
healing of the injured tissues. Chlorhexidine gluconate 
(0.12%) may be prescribed with the following instruc-
tions: 1–2 times daily, apply a small amount to the 
affected area with cotton applicator. Systemic antibiotics 
are not recommended unless the child has a compro-
mised health status or if there is a soft tissue wound that 
appears to be dirty or contaminated.

Injured primary teeth that become discolored may be 
monitored, as long as they are asymptomatic with no 
signs of infection.

Figure 8.24 Discolored primary maxillary incisor following 
traumatic dental injury.
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Dental trauma to permanent teeth
Traumatic injuries to permanent teeth may present 
ranging from mild (concussion) to severe (avulsion) 
with variations in between including crown fractures 
that are limited to the enamel and/or dentin, crown 
fractures with pulp exposure, root fracture, intrusion, 
extrusion, and luxation. Without proper treatment, the 
sequelae of traumatic injury to permanent teeth may 
become severe and include pulp necrosis, abscess, bone 
resorption, or serious systemic infection. Table 8.2 sum-
marizes the types of permanent tooth trauma and 
 recommended treatment.

Prevention
Although it is not possible to completely prevent acci-
dental traumatic dental injuries, there are steps that 
can be taken to prevent or minimize harm. Children 

participating in sports should be encouraged to wear 
athletic mouthguards and other protective equipment 
such as helmets or facemasks. Injuries that are unex-
plained or do not fit the description provided by the 
parent or caregiver should be investigated to rule out 
child abuse. Dental providers are mandated reporters of 
any suspected instances of child abuse and neglect to 
state child protective services or law enforcement 
agencies.

Treatment
Most dental trauma is considered a dental emergency 
and should be addressed as soon as possible. Avulsion 
of a permanent tooth is the most urgent of all dental 
traumatic injuries. Reimplantation of an avulsed tooth 
within 30 min greatly increases the long‐term prog-
nosis of the tooth (Andersson et al., 2012). If the 

Table 8.1 Summary of treatment for primary tooth traumatic injuries.

Primary tooth Description Treatment Follow‐up

Concussion Slight mobility, bleeding around gums Observe, soft foods for 1 week, 
radiograph to rule out root fracture

1 week, 6–8 weeks

Luxation Displacement of tooth laterally or 
incisally, mobility

Reposition tooth or extract, do 
not splint

1 week, 2–3 weeks, 6–8 weeksa, 
1 yeara

Intrusion Displacement of tooth apically, may 
appear to be missing

Occlusal radiograph, observe and 
allow to re‐erupt, extract if 
alveolar plate is compromised

1 week, 6–8 weeksa, 6 monthsa, 
1 yeara

Extrusion Partial displacement of tooth out of its 
socket

Occlusal radiograph, if minor  
(<3 mm) reposition or allow to 
realign, extract with severe 
extrusion. Soft foods for 1 week

1 week, 6–8 weeksa, 6 monthsa, 
1 yeara

Simple crown fracture Fracture of tooth leaving either 
enamel or dentin exposed, may or 
may not be mobile

Restore tooth, smooth sharp 
edges, radiograph to rule out 
root fracture

3–4 weeks

Complicated crown fracture Fracture of tooth leaving pulp tissue 
exposed

Pulp treatment, restore or extract 
tooth, observe for infection

1 week, 6–8 weeksa, 1 yeara

Root fracture Tooth is fractured below the gum line, 
moderate to severe mobility

Occlusal radiograph, extract if 
root fracture is in middle or 
cervical third of root

1 week, 2–3 weeks, 6–8a weeks, 
1 yeara

Avulsion Tooth is out of the socket Do not replant, make radiograph 
to rule out intrusion

1 week, 6 months, 1 year, yearly

a Clinical and radiographic follow‐up. In instances where the treatment was extraction, clinical and radiographic evaluation at 1 year and then every 
year thereafter until eruption of the permanent successor.
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avulsed permanent tooth cannot be reimplanted 
immediately, it should be placed in an appropriate 
storage medium such as Hank’s balanced salt solution, 
cold skim milk, or saliva. Tap water should be avoided. 
It is important to use a standard protocol to assess trau-
matic injuries that includes questions about what, 
where, when, and how the injury occurred; tetanus 
immunization status; loss of consciousness; extraoral 
and intraoral findings; and documentation of injuries. 
Using a standardized trauma form for recording rele-
vant information should be a part of the electronic 
health record or may be downloaded from the AAPD 
(http://www.aapd.org/media/Policies_Guidelines/R_
AcuteTrauma.pdf) and stored as part of the patient’s 
record. If the patient lost consciousness or if there are 
other more serious injuries, the patient should be seen 
in a hospital emergency room or by their primary care 
physician for a thorough assessment. To determine 
whether a patient should be seen urgently after sus-
taining dental trauma, the provider should be guided 

by the description of the injury; the presence of pain, 
bleeding, and swelling; and how the injury affects the 
child’s ability to sleep and eat (Figures 8.25 and 8.26). 
Often, it is recommended to see the child emergently, 
assess the injury, and then provide either definitive 
treatment or palliative treatment with a plan for more 
definitive care at a follow‐up visit. Table 8.2 summa-
rizes the treatment recommended for each type of 
injury, and more details can be found in the guidelines 
developed by the IADT (Andersson et al., 2012; 
DiAngelis et al., 2012).

Soft tissue trauma
The oral soft tissues may sustain significant injuries dur-
ing oral facial trauma. There may be open wounds, 
abrasions, burns, and puncture wounds. Trauma to gin-
gival tissues may be associated with an injured tooth 
and varies in presentation from hemorrhage at the time 
of the injury, torn frenum, large laceration, to pene-
trating lesion of the lip or cheek.

Table 8.2 Summary of treatment for permanent tooth traumatic injuries.

Permanent dentition Description Treatment

Concussion Slight mobility, bleeding around gums Observe, soft foods for 1 week, X‐ray to rule out 
root fracture

Luxation Displacement of tooth laterally or incisally, 
mobility

Radiograph, reposition tooth, splint for 2 weeks

Intrusion Displacement of tooth apically, may appear 
to be missing

Occlusal radiograph, observe and allow to re‐erupt, 
surgical or orthodontic repositioning, root canal 
treatment

Simple crown fracture Fracture of tooth leaving either enamel or 
dentin exposed, may or may not be mobile

Restore tooth, smooth sharp edges, radiograph to 
rule out root fracture

Complicated crown fracture Fracture of tooth leaving pulp tissue 
exposed

Pulp treatment, restore tooth, observe for infection, 
may require root canal treatment

Root fracture Tooth is fractured below the gum line, 
moderate to severe mobility

Occlusal radiograph, splint, may require root canal 
treatment, if in cervical third, may need to extract

Avulsion Tooth is out of the socket Replant within 30 min or place in recommended 
transport medium: Hank’s balanced saline, cold 
milk, saline. Radiograph, replant, and splint ASAP. 
Systemic antibiotics, soft diet, chlorhexidine, close 
follow‐up, root canal therapy (RCT) within 3–7 days

Alveolar fracture Teeth are luxated and there is mobility of 
the entire segment including the teeth

Reposition teeth and alveolar segment; place 
semirigid splint for 4 weeks; soft diet, chlorhexidine, 
close follow‐up

Join us: https://t.me/dental_books_lib



Pediatric dentistry complications and challenges   195

Prevention
Appropriate anticipatory guidance that includes 
injury prevention should be discussed at regular 
intervals based on the child’s age and stage of 
development. For young children, it is important to 
discuss the risk for oral burns from chewing on live 
electrical cords. Parents should be reminded of the 
importance of using a child safety car seat or a seat-
belt. Dentists should also discuss the importance of 
wearing a mouth guard and/or helmet as appropriate 
during various sporting activities. And as the child 
ages, discussing the injuries that may occur due to 
oral piercings is prudent.

Treatment
Treatment of soft tissue injuries depends on the type 
and extent of the injury. The wound must be ade-
quately cleaned. Debridement, compression, or 
suturing should be performed as indicated. It is impor-
tant to review the patient’s tetanus immunization 
status and to refer the patient to a physician if it is not 
up to date. It cannot be assumed that a child’s 
immunization status is up to date since a growing 
number of US parents are declining immunizations for 
their children. If a foreign body is suspected to be 
embedded in the soft tissue, a radiograph of the area 
should be taken. To visualize a foreign body in the lip, 
the film is placed in the vestibule between the lip and 
the teeth. The soft tissue film should be taken at 25% of the 
normal exposure time. Lateral external radiographs 
may also be taken to better elucidate the position of the 
foreign body using 50% of the normal exposure time. 
Depending on the extent and location of the soft tissue 
injury, conferring with an oral and maxillofacial sur-
geon or plastic surgeon to participate in the patient’s 
care may be beneficial. Chlorhexidine gluconate 
(0.12%) may be prescribed with the following instruc-
tions: 1–2 times daily, apply a small amount to the 
affected area with cotton applicator. Systemic antibi-
otics are not recommended unless the child has a com-
promised health status or the soft tissue wounds appear 
to have been contaminated by extrinsic bacteria or if 
there are other associated injuries, which have an 
increased risk of infection, such as open fractures or 
joint injuries.

(a) (b)

Figure 8.25 (a and b) Luxated teeth pre‐ and postsplinting.

Figure 8.26 Complicated fracture of maxillary incisors 
requiring an urgent treatment.
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Alveolar fractures
Fractures of the alveolus may occur when one or more 
teeth are severely laterally luxated, causing the roots to 
perforate the buccal or lingual plate. A common finding 
with this type of injury is movement of an entire 
segment with multiple teeth affected. Frequently the 
occlusion is also out of alignment.

Treatment
Alveolar fracture combined with luxation of the teeth 
requires reposition of the displaced segment and splinting 
for a minimum of 4 weeks (DiAngelis et al., 2012). 
Patients should be instructed to eat a soft diet for 2 weeks, 
avoid contact sports, maintain good oral hygiene, and 
rinse twice daily with chlorhexidine rinse. One or more 
teeth may require root canal treatment in the future. 
Close clinical and radiographic monitoring is indicated.

Common complications associated 
with patients with special needs or 
developmental disabilities

G‐tube fed
Children who are unable to meet their fluid and nutri-
tional needs orally and who depend on gastrostomy 
tube feedings are at significantly increased risk of poor 
oral health, particularly a buildup of calculus and 
subsequent gingivitis (Jawadi et al., 2004; Thikkurissy 
and Lal, 2009). Frequently children who are G‐tube 
dependent have other developmental disabilities that 
make it difficult or impossible for them to perform oral 
hygiene procedures. Calculus removal by a dental 
professional is required on a regular basis (Figure 8.27).

Treatment
Patients who can tolerate treatment in the traditional 
dental office setting should have regular scaling of buccal 
and lingual tooth surfaces to remove calculus at or below 
the gingiva. It may be necessary to position the patient 
somewhat upright to minimize the risk for aspiration. 
Patients who cannot tolerate treatment in the traditional 
dental setting should be treated under general anesthesia 
in an environment where the airway is protected from 
aspiration of bacteria, saliva, and calculus fragments. 
When children are 100% tube fed, their risk for caries is 
significantly decreased. However, treatment in the 
operating room provides an opportunity to obtain intra-
oral radiographs and provide dental treatment as needed.

Oral aversion
Oral aversion, or oral hypersensitivity, is associated with 
several different systemic diagnoses. In medically com-
plicated children with a history of gastrostomy tube 
feeding, oral aversion is thought to arise in response to 
the child having had minimal opportunities to learn to 
eat orally and thus having had fewer opportunities for 
oral stimulation (Dyment and Casas, 1999; Davis, Bruce, 
and Mangiaracina, 2009). Children with a history of 
gastrostomy tube feeding may consequently experience 
physical or psychological discomfort with eating or 
other oral stimulation, such as tooth brushing. Oral 
aversion is also a common finding in children with neu-
rodevelopmental disorders such as autism. Perceived 
invasive contact, such as that experienced with different 
textures of food or during tooth brushing, may cause a 
child with a neurodevelopmental disorder physical or 
psychological trauma.

Management
While prevention of oral aversion may not be possible, 
it is best to help the family develop a plan early on dur-
ing which they are working with the child daily in order 
to decrease hypersensitivity, such as with eating utensils 
and brushing the teeth. As many of these children will 
also be seeing an occupational therapist, coordinating 
an individualized oral care plan may provide the most 
favorable outcomes for each child (Zangen et al., 2003).

Severe bruxism
Bruxism is grinding of the teeth and is common during 
sleep. Bruxism can result in trauma to the occlusion, 
manifesting as abnormal wear patterns and even tooth Figure 8.27 Extensive calculus in a G‐tube‐fed patient.
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fractures. It can lead to gingival recession and tooth loss. 
Bruxism is common in individuals with disabilities such 
as sleep disorders and malocclusion. One study showed 
significantly more physical signs of bruxism in children 
who had autism spectrum disorders (ASDs) (DeMattei, 
Cuvo, and Maurizio, 2007). Children and adults with 
cerebral palsy may also have increased incidence of 
bruxism with resultant extreme wear of permanent 
teeth. Temporomandibular joint and muscle soreness 
and pain have been associated with bruxism.

Erosion
Acid erosion is the progressive loss of tooth substance, 
which may be caused by an acid or chemical dissolution. 
Most commonly, erosion of enamel is due to gastro-
esophageal reflux disease (GERD), bulimia, or frequent 
consumption of acidic beverages (Figure 8.28a and b).

Prevention
Recognition of the cause of erosion in a specific patient 
is a prerequisite to prevention. This becomes a challenge 
if the patient denies all the likely causes. It is important 
to ask detailed questions about diet, including citrus 
fruit and carbonated beverages consumed on a regular 
basis. It is also important to note that young children 
may have symptoms of GERD without being able to rec-
ognize or describe these symptoms. A history of fre-
quent indigestion or having “hot burps” may warrant 
further evaluation by the child’s primary care provider. 
A history of frequent regurgitation should also warrant 
medical evaluation. When a dietary cause for erosion 
cannot be identified, a workup for GERD by the child’s 
primary care physician is recommended.

Treatment
The most important first step in the treatment of 
erosion is to identify and eliminate the cause, if pos-
sible. If the child has GERD, medication prescribed by 
the physician will often manage the symptoms. For 
children or adolescents with suspected bulimia, referral 
to a health‐care professional who specializes in the 
treatment of eating disorders is essential. Where diet is 
suspected to be the main etiology, eliminating or chang-
ing the frequency of acidic beverages and other dietary 
factors should be strongly encouraged. When acidic 
challenges to the oral cavity are a regular occurrence, 
the use of a sodium bicarbonate rinse or chewing ant-
acid tablets to neutralize the pH and use of fluoride 
toothpaste or fluoride rinse can help to balance the loss 
of enamel (Barron et al., 2003). In extreme cases of 
significant tooth structure loss, full‐coverage restora-
tions may be necessary.

Cleft lip and palate
Clefts of the lip and/or palate are the most common of 
the craniofacial anomalies and result from a failure of 
the embryonic structures to merge or fuse during in 
utero growth and development. Clefts of the lip and 
palate can occur simultaneously or separately and bilat-
erally or unilaterally (Stanier and Moore, 2004). The 
presence of clefts of the lip and palate may be associated 
with a genetic predisposition, a teratogenic influence, or 
an unknown cause. Additionally, cleft lip and palate 
may present as an isolated condition or as a component 
of a complex syndrome.

Pediatric patients with clefts of the lip and/or palate 
may present with several dental anomalies and 

(a) (b)

Figure 8.28 (a and b) Erosion on posterior and anterior teeth.
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malocclusions due to the clefting itself or secondary to 
the surgical corrections of the cleft. There may be super-
numerary or missing teeth, most commonly the maxil-
lary lateral incisor as well as premolars (Figure  8.29). 
The lateral incisors and canines may erupt ectopically 
and be rotated. Additionally, there may be anomalies in 
tooth morphology such as enamel hypoplasia, micro-
dontia, macrodontia, fused teeth, and alterations in 
shape. There is also an increased potential for the ectopic 
eruption of a maxillary first permanent molar. Given the 
multiple oral anomalies possible as well as the other 
stressors associated with managing the cleft, children 
with cleft lip and/or palate are at an increased risk for the 
development of dental caries.

Management
From birth until adulthood, children born with lip and 
palate clefts require assessment and treatment from a 
diverse team of specialists including pediatric dentistry, 
audiology, genetics, nursing, oral and maxillofacial 
 surgery, orthodontics, otolaryngology/head and neck 
surgery, plastic surgery, psychology, social work, and 
speech–language pathology. They may undergo  complex 
orthodontic treatment and multiple surgical interven-
tions. As the dentist of a child with any craniofacial 
anomaly, it is imperative to provide preventive 
counseling and caries control to maintain the child’s 
oral health. The dentist should discuss the possible 
dental anomalies that may be observed in a child with a 
cleft lip or palate. It is important to seek input from 

members of the child’s craniofacial team when the 
dental treatment plan involves the treatment of teeth 
associated with or adjacent to the cleft. It is preferred to 
have ectopically erupted or supernumerary teeth associ-
ated with the cleft retained in the mouth in order to 
 maintain any bone associated with the teeth.

Autism spectrum disorder
ASD is a chronic neurodevelopmental disorder charac-
terized by impairments in social interaction, language 
development, behavior, and cognitive function. Twin 
and family studies suggest a genetic link in the etiology 
of the disorder (Szatmari et al., 1998). Males are 3–4 
times more likely to be affected than females. It is 
thought that the varied clinical presentations of people 
with ASD are due to a combination of environmental 
factors and the wide range of variability of abnormalities 
of multiple genes existing in different combinations 
(Johnson, Myers, and American Academy of Pediatrics 
Council on Children with Disabilities, 2007; Vierck and 
Silverman, 2015).

A child with ASD may have one or more of the 
 following characteristics:
1 Impaired social interactions, for example, lack of eye 

contact
2 Impaired verbal and nonverbal communication
3 Restricted, repetitive patterns of behavior
4 Poor body awareness and clumsiness
5 Distorted sensory input, for example, taste or texture 

sensitivities, oral aversion, and self‐injurious behavior
Children with ASD are managed medically with an 

early diagnosis and intensive education intervention 
(Myers, Johnson, and American Academy of Pediatrics 
Council on Children with Disabilities, 2007). They may 
also be prescribed medication to treat specific behaviors 
that interfere with the intervention, for example, fluox-
etine (Prozac), an antidepressant to decrease compul-
sive behaviors and self‐mutilation.

Dental management
Children with ASD have a caries rate that is similar to 
that of the neurotypical population. Oral hygiene may 
be difficult for a child with ASD to accept. The diet may 
be limited due to their restricted food choices. Children 
with ASD may have evidence of bruxism or erosion 
as  well as bruising or scarring due to falls because of 
their decreased coordination or self‐injurious behavior 
(Friedlander et al., 2006).

Figure 8.29 Cleft lip palate with extra and malformed teeth.
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A child with ASD may do best with consistency in the 
dentist, staff, and treatment room. Parents are often 
very helpful in helping to manage a child with ASD. 
Multiple short visits to the dental office during which 
the routine is repeated and the child is gradually desen-
sitized may be effective in helping the child to more 
readily accept the treatment (Luscre and Center, 1987). 
For a child with whom there is limited cooperation and 
there are concerns about oral health, dental treatment 
under general anesthesia may be needed. Long‐term 
considerations for the oral health of a child with ASD 
include teaching the family about ways to promote 
optimal oral health and prevent the disease (Klein and 
Nowak, 1999).

Summary

Dental providers who treat children in their practice 
should expect to encounter both complications and 
challenges that are different from those encountered in 
adult patients. Referral to a specialist such as a pediatric 
dentist is recommended when the treatment indicated is 
beyond the comfort level of the general dentist.
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Part I: Orthodontics

Introduction

In practicing orthodontics, one of the major concerns is 
complications. It would behoove the clinician to recog-
nize the possible complications, so they can be avoided 
or treated.

Fundamentals and principles should be learned, and 
then solutions to the orthodontic problems could come 
naturally. There is no such thing as “cookbook recipes” 
or “by‐the‐book” in practicing orthodontics.

Many complications can occur in practicing orthodon-
tics, and any possible problem can occur. In some way, 
Murphy’s law holds true: “What possibly might happen 
will happen.” Some problems cannot be avoided totally, 
and the clinician may have to accept certain compromises.

Topics are selected based on common occurrence and 
presented in an alphabetical order.

The goal of this chapter is to present complications in 
clinical orthodontics and the major periodontal compli-
cations associated with it.

Archwire materials
In contemporary orthodontics, the most common mate-
rials for archwires are stainless steel (SS), nickel–
titanium (NT) alloy, heat‐activated NT, and beta‐titanium 

alloy which is also called titanium molybdenum alloy 
(TMA). These materials have their own unique prop-
erties, so they are best used depending on the applica-
tions. Cost is also an economic factor that would affect the 
clinician’s decision as well. The archwire materials are 
listed in the order of increasing cost: SS, NT, heat‐activated 
NT, TMA, and reverse‐curve‐of‐Spee NT archwires. For 
the same material, archwire with round cross section is 
less expensive than that of square or rectangular.

SS archwire is typically used for its low cost, stiffness, 
and formability. Stiffness is the inverse of flexibility (also 
called springiness). NT archwire is used for its flexibility 
and shape memory, and it is a little more expensive than 
the SS (about two to three times as much). Heat‐
activated NT archwire, which is a little more expensive 
than the NT archwire, is dead soft when chilled for ease 
of engagement to the bracket slot, but it regains its 
normal stiffness when activated by the body temperature 
in the mouth. TMA archwire is unique in the sense that 
it has both useful properties: formability (similar to SS) 
and flexibility (similar to NT). TMA and the reverse‐curve‐
of‐Spee NT archwires are among the most expensive. 
The reverse‐curve‐of‐Spee NT archwire can be 10–30 
times more expensive than the SS.

With SS or TMA archwire, it can be placed into plastic 
deformation with a simple bend. But NT archwire 
requires special treatment.
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periodontal aspects related to clinical 
orthodontics
Hung V. Vu1,2,3,4 and Philip R. Melnick5

1 Section of Orthodontics, UCLA School of Dentistry, Los Angeles, CA, USA
2 US Department of Veterans Affairs Greater Los Angeles Healthcare System, Los Angeles, CA, USA
3 Vu Orthodontics, Fountain Valley, CA, USA
4 Department of Mechanical & Aerospace Engineering, California State University Long Beach, Long Beach, CA, USA
5 Section of Periodontics, Clinical Dental Sciences, UCLA School of Dentistry, Los Angeles, CA, USA

CHAPTER 9

Join us: https://t.me/dental_books_lib



Orthodontic complications and the periodontal aspects related to clinical orthodontics   203

Archwire complications
Archwire complications can occur for any patients. 
Typical complications include pain, broken archwire, 
archwire bending, archwire slipping/sliding, and the 
archwire poking the patient’s cheek or gingiva.

How to avoid and treat the complications
Pain or discomfort is a major complication or complaint 
with an orthodontic treatment. To minimize the pain to 
the patient, the beginning archwire for the initial stage of 
leveling and aligning should be as flexible as practical. 
The reason is that most patients would be extremely 
sensitive at the beginning when the archwires start to 
exert their forces compressing the periodontal ligament 
(PDL). The width of the PDL ranges from 0.15 to 0.38 mm, 
which decreases with age, and its thinnest part is located 
around the middle third of the root (Nanci, 2003).

The most flexible and practical NT archwire is SPEED 
0.016″ Supercable (a stranded wire, even more flexible 
than 0.010″ NT). Even with this archwire as the initial 
one, some patients, with moderate crowding, reported 
significant levels of pain. The Supercable comprises 
seven small‐gauge wires wrapped together to form a 
larger wire. In this fashion, a stranded archwire is much 
more flexible than a solid archwire of the same total 
cross‐sectional area. But a serious complication is that 
the small‐gauge wires of the Supercable, after being cut 
to the proper length, would splay (spread out) at the 
end (tip) and cause irritation.

The next most flexible NT archwire is a round 0.010″ 
in diameter, followed by 0.012″ NT. It must be empha-
sized that different orthodontists use different wire 
sequencings, depending on their own understanding 
and belief of biomechanics.

In clinical orthodontics, clinicians may write 10 NT to 
indicate a round NT archwire whose cross section is 
0.010″ in diameter. Similarly, a 16 × 16 SS archwire is a 
square SS archwire with 0.016″ × 0.016″ in cross section. 
And 16 × 22 SS archwire is a rectangular SS archwire with 
0.016″ × 0.022″ in cross section, where 0.022″ is the base 
and 0.016″ is the height (in the occlusogingival direction).

When the teeth are malaligned, a smaller (cross‐
sectional) NT archwire, which is used for more flexibility, 
would exert less force on the dentition, thus less pain to 
the patient.

Compared to SS, NT has poor toughness, and its arch-
wire is more susceptible to fracture due to fatigue. And 
this complication often leads to emergency visits.

Archwire sliding
The high flexibility of the NT archwire can be a blessing 
or a curse. It is a blessing because a small NT archwire 
can be completely engaged and stayed in the slot of the 
brackets when the teeth are moderately malaligned, 
which is a typical condition in the initial stage of leveling 
and aligning. The smaller the archwire cross section, the 
higher the archwire flexibility. But the high flexibility 
can also be a curse because if the archwire is too flexible, 
it can easily slip (or slide) out of the molar tube and 
poke the cheek or the gingiva of the patient. This type 
of complication will indeed result in an emergency call 
or visit.

How to avoid and treat the complication
For the NT archwire to prevent the slipping complica-
tion, the clinician should bend the tip of the archwire 
distal to the terminal brackets (or molar tubes). Suppose 
the archwire is from the lower right second premolar 
(LR5 or #29) to the lower left second premolar (LL5 or 
#20), then the bends would be distal to LR5 and LL5.

Some may suggest adding a flowable composite onto 
the archwire to prevent sliding, but this practice is neither 
effective nor efficient.

For SS archwire, one of the simplest and most effec-
tive ways of preventing this sliding complication is 
shown in Figure 9.1. The middle bends are introduced 
into the upper and lower archwires. These bends can 
simply be done by using special orthodontic pliers: the 
step‐bend pliers for the upper and the V‐bend pliers for 
the lower. The middle bend can point either up or down, 

Figure 9.1 Middle bends for the upper and lower archwires 
to prevent sliding (Reproduced with permission from 
Dr. Hung Vu).
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but for esthetics and consistency reasons, the author 
prefers that the middle bend points up for the upper and 
points down for the lower. Note that the reason for 
using different types of middle bend for the upper and 
the lower is because of the interbracket distances of the 
central incisors. The interbracket distance of the upper 
central incisors is wide, so two (2) step bends are 
needed, whereas that of the lower central incisors is 
narrow—thus one single V‐bend is used.

Bonding versus banding the molars
A practical question that a clinician would contemplate 
when providing comprehensive orthodontic treatment 
to a patient is, should the molars be bonded or banded? 
What are the advantages (pros) and disadvantages 
(cons)? What are the possible complications and how to 
manage them? For patients who have only first molars 
(erupted in the oral cavity), it is customary to include 
the first molars in comprehensive orthodontic treatment. 
But for those who have both first and second molars, 
the question is, should the second molars be included 
as well?

The primary advantage of banding the molar is that 
the band is likely to stay on the molar after the band is 
cemented onto the molar even when the patient chews 
or bites on some food that is relatively hard. But to the 
patient, the major disadvantage of using bands is that 
when the braces are removed, there will be annoying 
gaps. Banding also includes other disadvantages as 
follows:
1 When braces are removed at the end of the ortho-

dontic treatment with a banded molar, a gap that is at 
least as large as the thickness of the band will exist 
between the molar and its adjacent tooth/teeth. If 
two bands are placed on two adjacent teeth, then the 
gap between these two teeth is double.

2 The band may be pushed under the patient’s gingiva 
and may cause gingival irritation or bleeding or both.

3 The band may abrade the patient’s tongue.
4 Due to its limitation, the band may not be positioned 

in an ideal position and orientation, resulting in non-
ideal treatment outcomes: poor occlusion, uneven 
marginal ridges of posterior teeth, poor root angula-
tion (roots are not parallel), etc.

5 Over a long period of time in orthodontic treatment, 
caries may develop on the side of the tooth that is 
inside the band if part of the necessary cement is 
missing and is difficult to be detected.

The primary disadvantage of bonding is that the 
bracket may come off if the patient is not careful while 
eating or if the opposing tooth hits the bracket. When 
this kind of accident occurs, an emergency call to the 
office will certainly ensue. A bracket with a molar tube 
is typically used for the molar, and the advantage of 
bonding is obvious: it does not have all the disadvan-
tages associated with banding.

In summary, the main advantage of banding for the 
molars is that it is more secure than bonding so there 
would be less emergency visits, but in the author’s 
opinion, the risks associated with using bands outweigh 
the benefits for the patients. Banding may be more con-
venient for the doctor, but bonding may be better for 
the patient.

It should be noted that banding the molars is still 
popular among many clinicians, but the choice is mainly 
based on personal or professional preferences.

Banding and bonding complications
As an example, Figure 9.2 shows the contrast of band-
ing versus bonding for molars. The case was started with 
a clinician who banded the molars, and then the patient 
switched to a new clinician (the author) who bonded 
the molars.

For the aforementioned reasons, the author would 
always bond the molars and never band the molars 
except in some special circumstances. One of the excep-
tions is with the rapid maxillary expander (RPE): the 
upper first molars must be banded.

Hereinafter, unless stated otherwise, only bonding is 
preferred for molars. The next question is when to bond 
the second molars.

Bonding the second molars
Some clinicians do not want to bond the second molars, 
but some patients or the parents of the minor patients 
may request that the second molars to be included in 
the treatment if they are malaligned.

In addition, one of the requirements for the board 
cases considered by the American Board of Orthodontics 
(ABO) is that the malalignment of the second molars 
must be corrected. And it must be corrected in such a 
way that their mesial marginal ridge must be even with 
the distal marginal ridge of the first molars. Of course, the 
occlusion of the first and second molars with the opposing 
teeth must also be excellent. To satisfy this requirement, 
the second molars must be bonded in many cases.
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Management and treatment
Bonding the second molars may come with certain 
complications. It is relatively difficult for some clinician 
to bond brackets on the second molars because these 
molars are far in the back—if not all the way in the 
back—for many patients. In addition, second molars 
erupt only partially for most early teens.

Preadolescent is synonymous to preteen, whereas 
adolescent comprises early, mid, and late teens. The ages 
for teenagers can be broken down conveniently, in 
years, as follows: preteens (10–12), early teens (13–14), 
mid teens (15–16), and late teens (17–19).

For a typical teenager, the second molars begin to 
erupt into the oral cavity at around 12 years of age. As a 
rule of three in dentistry, it takes approximately 3 years 
for the second molars to fully erupt.

Some patients may experience discomfort or pain 
when bonding (or banding) the second molars due to 
the distal end of the bracket (or of the band) abrading 
the cheek. If the archwire is a bit long—even just a tiny 
bit—the end of the archwire would stick out of the distal 
end of the molar tube and cause pain or ulceration.

In typical cases, bracket (or band) with molar tube is 
used for molars because the end of the archwire would 
stay inside the molar tube, without any need for ligation. 
But in some applications of mechanics, if the second 
molar is bonded (or banded) with molar tube, it may 
be more advantageous to bond the first molar with a 
regular bracket without molar tube, for example, when 
we need to place an open coil spring between the first 
and second molars.

For some preadolescents or adolescents, the clinician 
can postpone the bonding (or banding) of the second 
molars until near the end stage of orthodontic treatment. 
Doing this would minimize the discomfort/pain to the 
patients, but the treatment time may be prolonged.

For extraction or partially edentulous cases, the 
second molars should be bonded in the early stage of 
orthodontic treatment so the case can be completed in 
timely manner. If that is the case, care must be taken to 
ensure that the archwires are cut flush to the distal end 
of the last molar tubes. It is also important to ensure that 
the archwire will not slide to one side or another.

One simple way to achieve this goal is to place the 
middle bend in the archwires so that they would not 
slide. But the middle bend must be created in such a 
way that the modified archwire will not create any 
unwanted tooth movement. The second method is tying 
the archwire to the bracket such that the wire would 
less likely slide. The clinician could use color‐tie (elastics) 
with Figure‐8 pattern or use the SS ligature. Using 
elastics is more efficient (faster), and there would be no 
complication from the elastics itself. On the other hand, 
using the SS ligature is potentially more hazardous 
because its tip can turn and cause irritation. Thus, it can 
be a complication.

Clear aligners versus conventional braces: 
Quick orthodontic treatment
The correct terminology for the plastic type of less visible 
orthodontic treatment is clear aligner (generic name) 
which can be Invisalign or ClearCorrect (trade names). 

(a) (b)

Figure 9.2 Molars banding vs. bonding: (a) banding and (b) bonding (Reproduced with permission from Dr. Hung Vu).
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Some general dentists (GDs) (also called general practi-
tioners (GPs)) have expressed that using clear aligners 
is easier than conventional braces. The reason is that, to 
many if not most GPs, conventional braces are much 
more difficult, whereas clear aligners may appear easy 
and more profitable. Some GPs may be led to believe 
that one needs to only take polyvinyl siloxane (PVS) 
impression and the lab technician will do the rest, and 
then the GPs just give the aligners to the patients without 
the need to know anything about orthodontics. But that 
is not the case for obtaining ideal treatment outcomes.

Some programs may advertise an easy way to give 
quick orthodontic treatment. But the problem is that 
after about a year of treatment, the case does not 
progress and the GPs would get into trouble of false 
promise to the patient by assuring short‐term treatment.

Enamel tubercle on premolars
As the name indicates, enamel tubercle is a tubercle or 
protrusion of enamel on the occlusal surface of the 
crown of a tooth. It is called by various names, such as 
Leong tubercle of the premolar, dens evaginatus (Yip, 1974), 
central cusp, etc.

According to a study, the occurrence of enamel 
tubercle is at least 2% in the Asian and Native Indian 
populations (McCulloch et al., 1998). And another study 
reported that the frequency of occurrence is 0.5–4.3%, 
in different populations of East Asian countries (Kocsis 
et al., 2002).

The enamel tubercle has relatively thin enamel and 
dentin. Due to its nature of formation and location, the 

enamel tubercle can easily wear out or fracture, and the 
ultimate consequence is pulpal exposure. When this 
complication occurs, the tooth will lose its vitality, and a 
root canal therapy (RCT) will be needed to save the 
tooth. Thus, the tooth must be protected from being 
broken by preventive treatment.

In orthodontic cases with premolar extraction, the 
clinician should be aware of this anomaly and make a 
wise decision on selecting the appropriate teeth. The 
principle of keeping the good teeth and extracting the 
compromised ones should supersede other consider-
ations, in most cases.

How to avoid and treat the complication
The enamel tubercles on the premolars of the lower 
arch are shown in Figure 9.3a. At the time the initial 
records were taken, the patient still has the lower left 
deciduous second molar (Figure 9.3a). Soon after, the 
deciduous molar exfoliated, and the lower left second 
premolar erupted into the oral cavity. And it also has the 
enamel tubercle (not shown).

As a preventive measure, some suggest selective 
grinding and restoration with either composite or 
amalgam. But this is a poor choice because an enamel 
tubercle has thin enamel and dentin; thus grinding—
even selective—will inevitably cause pulpal exposure. 
To prevent fracture, one efficient and effective method 
is to build around the base of the enamel tubercle 
with composite to make the structure thicker, but not 
too thick that it would interfere with the occlusion 
(Figure 9.3b).

(a) (b)

Figure 9.3 Enamel tubercles on lower premolars: (a) initial and (b) composite buildup, protecting them from being broken 
(Reproduced with permission from Dr. Hung Vu).
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Extraction
Naturally, the majority of orthodontic cases are done 
by orthodontists. And some GDs and other non-
orthodontist dental specialists also treat orthodontic 
cases as well. For these clinicians, with comprehensive 
orthodontic treatment, the decision to extract or not 
to extract, for orthodontic purposes only, may be one 
of the greatest challenges. Both extraction and non-
extraction cases are accompanied with their own 
complications, and the clinicians must be aware of 
these complications so they can avoid them or treat 
them when they occur.

The following case was done by a GD who decided 
to extract the lower first molars. The teeth had neither 
decay nor filling/restoration or defect whatsoever, 
according to the patient and his mother. The screening 
records (photos and panoramic radiograph) are shown 
in Figure 9.4. This is an example of an extremely poor 
choice of extraction.

How to avoid and treat the complications
In general, the anterior teeth (canines, lateral incisors, 
and central incisors) are for both esthetics and function, 
whereas the posterior teeth (molars and premolars) are 
mainly for function. Assuming all the teeth are healthy, 
the premolars are the least important. Thus, if some 
teeth must be sacrificed, the premolars would be the 
ones highest in the list.

When the decision of extraction for orthodontic pur-
poses has been made, the next question is, which tooth/
teeth? If the premolar is the candidate, then is it the first 
or second premolar? The answer to this extraction 
question is relatively complicated, because it depends 
on multiple factors, but certain guidelines can be given 
as follows:
1 For severe crowding, extraction is almost always a 

must. The reason is that if the clinicians try to align all 
the crowded teeth into the arches, it will inevitably 
push the anterior teeth and the corresponding alveolar 
ridges forward. If both the upper and lower arches 
are involved, then the consequence is bimaxillary 
alveolar protrusion.

2 With the extraction case of four premolars (two upper 
and two lower), the bite (occlusion) has a tendency to 
become deeper. Of course, for certain deep‐bite cases, 
the extraction of the four premolars is still necessary, 
but the clinician should be aware of the complication 
that the bite will get deeper.

3 Extraction of impacted canines must be avoided if 
possible. Although some impacted canines are chal-
lenging, they can almost always be saved and brought 
into the arch (Vu, 2014).

4 Extraction of one lower incisor should be avoided, 
except for special circumstances. Consider a case in 
which both canines are in class I, lowers incisors are 
moderately crowded but normal in size and shape, 
whereas the upper incisors are significantly smaller 
than the ideal size. This is an example of tooth‐size 
discrepancy (or Bolton discrepancy) of the anteriors 
where extracting a lower incisor may be an acceptable 
compromise. If all the teeth are normal in size and 
shape, extracting one lower incisor will never yield 
good occlusion. Optimal occlusion requires the fol-
lowing: all canines and posterior teeth (premolars 
and molars) in class I, ideal overjet (OJ) and overbite 
(OB), and anterior teeth with proper inclination.

5 To avoid extraction, some prefer interproximal 
reduction (IPR) which is also called stripping or 
slenderizing. But, with this procedure, it is almost 
impossible to obtain the ideal convex anatomy of the 
crown in the interproximal area. The evidence of 
nonideal result can readily be seen from a bitewing 
(BW) radiograph (Figure 9.5).

Impacted canines
The mandibular (lower) wisdom teeth (third molars) 
are the most common impacted teeth, and the maxillary 
(upper) canines are the second common impacted teeth, 
whereas the upper canine can be considered the most 
important tooth for both appearance and function.

Canines are the corners of the mouth, so impacted 
canines must be saved if possible. If an impacted canine 
cannot be brought in to its arch, then it may be considered 
for either extraction (only in extremely rare situation) 
or leaving it alone (if it does no harm).

The best tools for evaluating the status of an impacted 
canine are the cone beam computed tomography (CBCT) 
and an appropriate software. With these tools, the 
 clinician would be able to see the exact status of the 
impacted canine in question. With the information 
provided by the CBCT scan, the surgical exposure of the 
impacted canine can be planned and executed accurately. 
The exposure can be performed with the shortest amount 
of time, with minimal bleeding and discomfort.

Since CBCT provides the clinician with details of the 
bone surrounding the impacted canine, most surgical 
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exposures of impacted canines require only local anes-
thesia. Thus, this procedure can be done by an able 
orthodontist, without the help from a periodontist or an 
oral surgeon.

When an impacted canine is poorly diagnosed and 
improperly treated, possible complications are devital-
ization, reexposure (again and again), ankylosis, root 
resorption (RR) (the impacted tooth itself and/or its 

(a) (b) (c)

(d)

(e) (f)

Figure 9.4 Records at screening: (a) panoramic radiograph, (b) profile, (c) overjet, (d) right buccal, (e) lower occlusal, and (f) upper 
occlusal (Reproduced with permission from Dr. Hung Vu).
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adjacent teeth), periodontal defects (bone loss, gingival 
recession), tooth loss, etc.

Diagnosis and treatment
In the diagnosis and treatment of impacted canines, the 
three important considerations are surgical exposure, 
periodontal issues, and orthodontic traction. There are 
differences in the surgical management of the labially 
and palatally impacted canines. In addition, there are 
different methods of attachment to the canine (right 
after the surgical exposure) for orthodontic traction.

Depending on the location of the impacted teeth, the 
traditional techniques that have been established for 
surgical exposure are given as:
1 Open eruption if the crown of the impacted tooth is 

near the mucogingival junction:
(a) Excision if the gingiva is sufficient (Kokich, 2004)
(b) Apically positioned flap (APF) if the gingiva is 
insufficient (Vanarsdall and Corn, 1977; Levin and 
D’Amico, 1974)

2 Closed eruption if the crown of the impacted tooth is 
far away from the mucogingival junction (Kokich and 
Mathews, 1993).
For palatal impacted canines, the question is, which 

technique is superior between closed eruption and open 
eruption? According to Burden, Mullally, and Robinson 
(1999), one is not better than the other.

Recently, the author has developed a new technique 
that is classified neither “open” nor “closed” eruption as 
defined earlier. In this technique, a window is opened on 
the impacted teeth, almost regardless where and how 
the teeth are impacted. After studying the details of the 
impaction with the use of CBCT, including 3D volume 
rendering, a diode laser is used to remove the soft tissue. 

If the crown of the impacted teeth is covered by a bone, 
then a round bur is used to remove the overlying bone—
in low speed. One of the advantages of using a diode laser 
for this kind of surgery is that a dry field of operation 
can be obtained readily so that an attachment can be 
easily bonded on the crown of the impacted teeth. Other 
advantages include less pain, less complications, and no 
sutures. Since the surgery is minimally invasive, the 
wound and its healing are localized to a small area.

A case of challenging impacted upper left canine (UL3 or 
#11) is shown in Figure 9.6a. The tooth was horizontally 
impacted and located high up, near the base of the nose. 
CBCT images clearly revealed the location and orientation 
of the impacted tooth (Figure 9.6b and c). Many dental 
specialists thought it would be impossible to save it and 
recommended extraction. But with proper treatment plan 
and execution, the tooth has been surgically exposed and 
brought into the arch using orthodontic traction—though 
not yet completely done (work‐in‐progress), without caus-
ing any damage to the impacted tooth itself and the roots of 
the adjacent teeth (Figure 9.6d, radiograph not shown).

Lower lingual arch
Mesial movement of molars will likely occur relatively 
rapidly with the early loss of deciduous second molars, 
causing arch length deficiency. It will, in turn, result in 
crowding or impaction or both to the permanent teeth. 
For the lower arch, lower lingual arch (LLA) can be 
used to maintain or minimize the loss of arch length by 
preventing the molars from moving mesially.

How to avoid and treat the complication
The LLA is constructed in such a way that it has an arch-
wire adapted to the lingual side of the lower teeth, 
touching the lower incisors. But the use of the LLA is at 
the expense of lower incisor proclination.

The following is an example of an incorrect use of the 
LLA (by a GD). After extracting the perfectly good lower 
first molars—for the wrong reason—he proceeded with 
placing the LLA. But for what? The usual purpose of LLA 
is to prevent the mesial movement of the molars. If that is 
the case, the loop of the LLA should touch the lingual side 
of the lower incisors, but Figure 9.7 shows otherwise.

Midlines
To some people, one of the most important treatment 
goals in orthodontics is to obtain coincident midlines. 
Thus, noncoincident midline can be considered a critical 

Figure 9.5 IPR. Almost impossible to obtain ideal convexity of 
crown anatomy (Reproduced with permission from Dr. Hung Vu).
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complication. Essentially, there are three midlines: facial, 
upper, and lower midlines. Facial midline is the line that 
divides the face into two mirror image halves. Upper 
midline is the one that is in the middle of the two upper 
central incisors. Similarly, lower midline is the middle 
line between the two lower central incisors. Ideally, all 
these three midlines should be coincident. An example 
of a perfect alignment of all three midlines is shown in 
Figure 9.8a and b. Only a few people would naturally 
have perfect midlines (perfect alignment of the three 
midlines). For example, a patient has coincident facial 
and upper midlines, but her nose tip is tilted to her 
left—a bit (Figure 9.8c), and her lower midline is also 
shifted to her left—about 1 mm (Figure 9.8d).

Some may argue that there are subjective variations 
in the level of acceptance or recognition of the midline 

(a) (b)

(c) (d)

Figure 9.6 Challenging impacted canine, tooth #11. (a) Initial panoramic, showing horizontally impacted canine, high up, near the 
base of the nose. (b) CBCT image, just before surgical exposure: front view. (c) CBCT image, just before surgical exposure: occlusal 
view. (d) Progress photo (Reproduced with permission from Dr. Hung Vu).

Figure 9.7 LHA. The loop is supposed to touch the lingual side 
of the lower anteriors (Reproduced with permission from 
Dr. Hung Vu).
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discrepancy among laypeople, GDs, and dental specialists. 
But, objectively, when the midlines are not absolutely 
matching, it is undeniably imperfect.

It is important to recognize that the occlusion of the 
molars has a significant role in midline discrepancy. 
In some cases, when the molars are in occlusion, the 
deflected bite can cause the midline shift. The second 
molars are often the cause of this complication. Thus, 
correcting the malalignment of the second molars may 
correct the midline discrepancy in some individuals. But 
the complication is compounded with some teenagers 
whose second molars have not yet fully erupted even 
near the end of their orthodontic treatment.

For midline consideration, complications typically 
arise when closing spaces. In the premolar‐extraction 

case, obtaining coincident midlines for all three mid-
lines is achievable when there are spaces (gaps) in the 
intraarch. If the clinician does not pay attention to the 
midlines and closes all the spaces, the window of oppor-
tunity will be lost. It is difficult or almost impossible 
to obtain all three midlines (facial, upper, and lower) 
coincident when all the spaces are closed. When it 
happens, the game is practically over.

How to avoid and treat the complication
Consider the following example shown in Figure  9.9. 
The upper and lower midlines are coincident, and the 
upper arch has some spaces (see arrows). It may be 
natural for some clinicians to jump immediately into the 
action of closing the space, and it may be equally natural 

(a) (b)

(c) (d)

Figure 9.8 Midlines. (a) Perfectly line up of all three midlines: facial, upper, and lower midlines. (b) Closeup view of (a) for upper 
and lower midlines. (c) Slightly imperfectly line up of all three midlines: facial, upper, and lower midlines. (d) Closeup view of 
(c) for upper and lower midlines (Reproduced with permission from Dr. Hung Vu).
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for them to forget about the facial midline. Since the 
upper and lower midlines are coincident, one method of 
closing the space is using elastic chain from molar to 
molar, one side to the other. But an analysis of all three 
midlines (facial, upper, and lower) reveals the hidden 
truth (Figure 9.9): the upper midline is shifted to the 
patient’s right (with respect to the facial midline).

To some people, the correct course of action would be 
moving the upper midline to her left to match the facial 
midline. For this patient, the spaces in the upper left 
work in our favor. But one may ask, what about the 
lower midline? What if the lower midline cannot be 
moved? If that is the case, some compromise may have 
to be accepted. Esthetically, the decision would have to 
be made based on the patient’s preference. Functionally, 
the clinician must consider important factors of occlu-
sion, including canine relationship.

In this case, the task of moving the upper midline can 
be accomplished by using either pulling action on the 
patient’s left or pushing action on the patient’s right. 
Pulling action can be done by using either an elastic 
chain or a closing coil spring, whereas pushing action 
can be accomplished by using an open coil spring.

Closing coil is the term that describes the desired out-
come: closing the space. It is also called the coil in 
tension, in which its physical state of being in tension is 
described. Similarly, open coil or coil in compression is 
for creating the space, and its physical state is in com-
pression. It should be noted that elastic chain can only 
support tension—not compression.

In closing spaces, the use of elastic chain is efficient 
but may not be effective, whereas the use of closing 
coil is effective but may have some limitations. When 
attaching the closing coil to a bracket that does not have 

(a)

(b) (c)

Figure 9.9 Closing spaces. (a) Coincident upper and lower midlines. (b) Upper arch with spaces and elastic chain. (c) Upper and 
lower midlines are not coincident with the facial midline (Reproduced with permission from Dr. Hung Vu).
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a hook, the clinician would have to either replace the 
bracket with the one that has a hook or to add a sliding 
hook. Kobayashi ligature could be used, but only as a 
temporary solution because its hook is too flimsy.

Open bite
There are three classification for facial types: hyperdi-
vergent (long face), hypodivergent (short face), and 
normodivergent (normal face). An open bite can be 
associated with long face. Other causes of open bite 
include the following habits: tongue thrusting, thumb 
sucking, nail biting, mouth breathing, pacifier, etc.

Complications and how to treat them
Open bite is one of the most challenging problems. If the 
open bite is due to patient’s oral habit, then the bad habit 
must be stopped. If the case is treated successfully with 
orthodontic treatment, but the patient does not stop the 
habit, then the inevitable relapse will certainly ensue.

There are different techniques in orthodontic treatment 
for open bites. For mild anterior open bite, one of the 
simplest methods is using the reverse‐curve‐of‐Spee NT 
and the accentuated‐curve‐of‐Spee NT archwires. These 
two are the same archwire, but the actions are opposite.

Let us assume that the patient does not have a gummy 
smile and the anterior open bite is only mild. To close the 
bite, the reverse‐curve‐of‐Spee and accentuated‐curve‐
of‐Spee NT archwires are used on the upper arch and 
lower arch, respectively, to extrude the anterior teeth.

For severe open bite, orthognathic surgery may be 
indicated. It should be emphasized that the proposed 
treatment here is oversimplified. Since all patients are 
different, a careful diagnosis must be done first for every 
single case before a definitive treatment plan is provided 
with certain biomechanics utilized.

Orthodontic records: Danger of not reviewing 
radiograph
Collecting a complete set of orthodontic records must be 
done before coming up with a correct diagnosis and a 
primary treatment plan with alternative(s), and it is dan-
gerous if the clinician does not review the radiograph 
when seeing orthodontic patients in routine visits.

For comprehensive orthodontics, with standard of 
care, the following records must be obtained:
1 Dental and medical history, informed consent, and 

financial agreement
2 Panoramic radiograph

3 Dental casts (also called Study Model)
4 Photos (dentofacial, extra‐oral, and intraoral), at least 

eight images must be taken as follows:
(a) Three extra‐oral images for face and head: front 
without smile, front with smile, profile
(b) Five intraoral images for dentition: center, buccal 
right, buccal left, upper occlusal, lower occlusal

5 Lateral cephalometric radiograph and its cephalo-
metric tracing

6 Diagnosis and treatment plan with alternative(s)
For adult patients, in addition to the above items, 

the records should also include BW and periapical (PA) 
radiographs.

In modern orthodontics, with the advent of CBCT, 
orthodontic records regarding radiographs are modified. 
For comprehensive orthodontic treatment, a CBCT scan 
should be taken, but the decision is up to the clinician 
and the patient. Of course, the patient’s parent or his/
her legal guardian must decide if the patient is a minor 
(not having reached the legal age for full civil rights). 
Some people may claim that CBCT would always expose 
patients to a much higher dose of radiation. But this is 
not true. It is true that a CBCT scan of a full head, with 
a large field of view (FoV), has much higher radiation 
dose than that of a focus scan, with a smaller FoV. For a 
CBCT with short scan time (in seconds or s) and with 
reduced values of voltage (in kV) and current (in mA), 
the radiation dose can be much less than a set of full‐
mouth “X‐rays” (FMX), but the decision of taking a 
certain type of radiograph (BW, PA, panoramic, lateral 
cephalometric, CBCT) depends on the need of obtaining 
the accurate diagnosis for a particular problem.

One may ask, with a full‐head CBCT scan, should we 
also take a 2D lateral cephalometric radiograph for ortho-
dontic records? The answer is yes for two reasons. First, 
2D cephalometric is needed for traditional 2D tracing and 
analysis. A lateral cephalometric image can be obtained 
from a full‐head CBCT scan, but it does not include the 
calibration marks for 2D cephalometric tracing and anal-
ysis. The radiation dose is very small for 2D lateral ceph-
alometric radiograph. Second, in order to obtain a 
high‐quality image of CBCT scan, it is inevitable that the 
soft tissue of the chin is distorted. To get a clear CBCT 
image, the head of the patient must be strapped tightly to 
the stationary part of the CBCT machine, resulting in 
severe distortion of the soft tissue of the chin.

When adjusting braces in every visit, the clinician 
should quickly review the patient’s orthodontic records. 
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In some cases, it is simply dangerous not reviewing the 
records in routine orthodontic visits.

How to avoid and treat the complication
The following example shows a severe complication that 
results in an irreversible damage due to failure of not 
reviewing the records when actively treating ortho-
dontic patient. Specifically, the cause was an apparent 
lack of reviewing the radiograph to see what lies beneath.

This case involves an orthodontic patient that has been 
treated by a well‐known clinician for a few years. The 
patient had small gaps between the upper first premo-
lars and first molars. Seeing the small gaps, the clinician 
tried to close them by using elastic chains (not shown)—
pulling action. Apparently, he was not aware or did not 
remember that the patient had impacted upper second 
premolars. The patient did report painful experience dur-
ing some period. A review of the patient’s panoramic 
radiograph (at that time, not shown) showed that the 
patient indeed had impacted upper second premolars. 
Only after the author recommended the remedy to the 
patient’s parents, the clinician then placed the open 
coils between the upper first premolars and first molars 
to create the spaces (Figure  9.2a)—pushing action. 
Without a radiograph for cases like this, it would be 
natural for some clinicians to jump to the action of clos-
ing the gaps. After the transfer, the patient’s orthodontic 
records were taken, and the panoramic radiograph and 
photo (upper arch) are shown in Figure  9.10a and b 
(after the existing braces were removed) and Figure 
9.10a does show the impacted upper second premolars. 
Subsequently, in the initial stage of retreatment, photos 
were taken, and the upper arch is shown in Figure 9.2b. 
Notice that it is much cleaner with the bonding 
 compared to banding for the molars (cf. Figure  9.2a). 
A  few years later, at the conclusion of the orthodontic 
retreatment, the upper left second premolar (tooth #13) 
was brought into the upper arch, and Figure 9.10c shows 
irreversible damage near the cementoenamel junction 
(CEJ) on the mesial side of the upper left first molar 
(tooth #14). This damage is consistent with the pano-
ramic image taken at the beginning of the retreatment 
(Figure  9.10a), though the panoramic radiograph is 
only 2D. A CBCT scan would have shown the extent of 
the damage in 3D.

This case would have been classified as idiopathic 
external RR if one did not know the history of the patient’s 
orthodontic treatment. But the truth of the matter is that 

the cause of this external RR is not idiopathic. The evi-
dence shows that the resorption is caused simply because 
the previous clinician did not pay attention to the radio-
graph. The clinician forgot the existence of impacted sec-
ond premolars and tried to close the gaps.

Overcorrection
In clinical orthodontics, it is challenging to have both 
efficiency and effectiveness. With this goal in mind, the 
clinician should use the best possible mechanics to 
obtain the treatment outcome in the shortest amount of 
treatment time, with doing no harm. As an example, in 
certain applications, the clinician can reposition the 
bracket with a bit of overcorrection so the intended out-
come can be obtained in a shorter amount of time.

Overbite and overjet
OB and OJ are best illustrated in the midsagittal plane. 
OB is the vertical overlap of the incisal edge of the upper 
(maxillary) central incisors over that of the lower 
(mandibular) central incisors. On the other hand, OJ is 
the horizontal overlap of the incisal edge of the upper 
central incisors over that of the lower central incisors. 
The ideal OB should be about a quarter (1/4) of the 
height of the crown of the lower incisors. The ideal OJ is 
about 1–2 mm—depending on the inclination of the 
upper and lower incisors—and the lingual side of the 
incisal third of the upper central incisor just barely 
touches the labial side of the incisal third of the lower 
incisor in intercuspal position (ICP).

When patients have severe OJ, they would often have 
deep bite (or deep OB) as well. This situation is typical 
with malocclusioned patients of class II division 1 where 
the inclination of the upper central incisors is either 
normal or excessive.

For malocclusioned patients of class II division 2 
where the upper central incisors are retroclined, the OJ 
may be normal.

Complications and how to avoid and treat them
When the patient has deep bite, the orthodontic treat-
ment is expected to be much longer than the typical 
case. This would be a major complication in terms of 
estimating the treatment time if the clinician did not 
realize that. For deep‐bite cases, extraction of four 
premolars would make the orthodontic treatment more 
challenging because the bite would become even 
deeper in the process of closing the spaces of missing 
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premolars—unless some special mechanics are to be 
employed to control the bite. One of the simplest 
methods of opening the bite (or controlling the bite) is 
the use of the RCOS NT archwire for the lower and the 
ACOS NT archwire for the upper.

When the patient has severe OJ, one of the proposed 
treatments would be extracting only the two upper 
first premolars—provided that the upper second 
premolars are healthy and worth keeping. Another 
method is extracting four premolars: two upper first 
premolars and two lower second premolars, assuming 
the rest of the teeth are healthy and worth keeping. It 
should be noted that these extraction recommenda-
tions are oversimplified because the decision of which 
teeth to be extracted should be based on multiple 

factors, including the possibility of orthognathic surgery 
if the case required.

Push and pull
In the applied mechanics of clinical orthodontics, one of 
the most important considerations is push or pull. 
Pushing action is accomplished by using an NT open coil 
spring (Figure 9.11a). On the other hand, pulling action 
can be done by using either an NT closed coil spring or 
an elastic chain (Figures 9.11b and 9.3d). Typical ortho-
dontists use the terms closed coil spring and open coil 
spring for the intended goal of closing and opening the 
space, respectively. But others may prefer the terms 
coil‐spring‐in‐tension and coil‐spring‐in‐compression, 
respectively. If only material cost per one use is 

(b) (c)

(a)

Figure 9.10 After removing existing braces. (a) Panoramic. (b) Upper arch. After orthodontic retreatment: (c) irreversible damage 
near the CEJ on the mesial side of tooth #14 (Reproduced with permission from Dr. Hung Vu).
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considered, elastic chain is much less expensive than an 
NT coil spring. But an NT coil spring is much more effec-
tive. The reason is that elastic chain provides pulling 
action fully only at the beginning, but it loses its elas-
ticity soon after being stretched—especially when it is 
overstretched, which is often the case. A NT coil spring 
performs consistently over a long period of time as 
long as it is not permanently deformed by being over-
stretched beyond limit.

Some orthodontists use the term power chain instead 
of elastic chain. But it is a misnomer because the word 
power normally referred to a device that can be powered 
with an external energy source, for example, from a 
battery or an electrical outlet. Elastic chain neither uses 
any battery nor connects to any electrical outlet.

Elastic chain usually comes in three different types: 
continuous, short, and long. The clinician should select 
the proper type for each particular application in closing 
the space, in such a way that the elastic chain is stretched 
properly and moderately—not too much and not too 
little.

NT closed coil springs are typically available in different 
lengths: 9, 12, 14, 16, and 18 mm. Each chain may be 
classified as L (light) or M (medium) regarding force.

The clinician should not overstretch the elastic chain. 
Some orthodontists use the term “overpower” to refer 
to overstretching the elastic chain.

Elastic chain can only support tension, but coil springs 
can support either tension (with closed coil spring) or 

compression (with open coil spring). When the elastic 
chain or the closed coil spring is understretched, it does 
not provide the necessary tension for tooth movement. 
On the other hand, if they are overstretched, it could 
exert excessive pulling force that may either weaken the 
bond of the bracket or cause pain to the patient. So how 
much stretching is the proper amount? The answer to 
this question is given in the following section.

How to avoid and treat the complication
Of course, for curiosity, one can use a force gauge to 
measure the pulling force. For elastic chain, it is much 
simpler and more practical for the clinician just to 
observe the deformation of the circle of the elastic chain 
and estimate the level of the pulling force.

For example, Figure  9.12a shows closing the gap 
between the upper central incisors (upper diastema) 
using an elastic chain. Since the upper central incisors are 
highly susceptible to RR, it is important to pull these 
teeth together using a light force. For this particular 
situation, it is typical to use an elastic chain of the contin-
uous type with an extra link in between. A three‐link 
continuous piece is a bit longer than a two‐link long one. 
It can be seen that the circle of the extra link has deformed 
into a quasiellipse, and this is about right. Two extremes 
can occur: (a) no pulling force if the circle remains the 
same or (b) excessive force if the quasiellipse is flattened 
out like a slit. Another example is given in Figure 9.12b: 
closing the gap between the lower central incisors (lower 

(a) (b)

Figure 9.11 NT coil springs and elastic chain. (a) Open coil spring—push. (b) Closed coil spring and elastic chain—pull (Reproduced 
with permission from Dr. Hung Vu).
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diastema) using an elastic chain. For this application, it 
is typical to use an elastic chain of the long type. It can 
be seen that the stretching of the elastic chain is about 
right by comparing the piece at the deformed and 
 undeformed states. Although it is contraindicated to 
forcefully move the teeth when they are unclean, this 
case is used to also illustrate another complication in 
orthodontics with some children: poor oral hygiene 
(OH). The recommendation for people with relatively 
clean teeth and without braces is dental cleaning every 
6 months and with braces every 3–4 months. For some 
individuals, they need to visit a dental office even 
more frequently. It is critical that the periodontium be 
healthy when the teeth are actively being moved, with 
braces.

Root parallelism
Even with the best intention, during the process of 
orthodontic treatment, the dental condition can become 
worse—as opposed to be better. One of the common 
complications is root‐parallelism. It is critical that the 
clinician check for root parallelism before debonding. 
In  some practices, some orthodontists do not own a 
panoramic machine, so they rely on a third‐party lab to 
take the initial and final records. Due to inconvenience, 
they are more likely not to have a panoramic radio-
graph taken for the purpose of checking root parallelism 
before debonding.

Ideally, the roots of all the teeth must be parallel to 
those of the adjacent teeth and are perpendicular 
to  the occlusal planes. An example of ideal root 

parallelism is shown in Figure  9.13a. On the other 
hand, the case that root parallelism has not been per-
fectly achieved is shown in Figure 9.13b: upper right 
canine (tooth #6), and perhaps upper left canine (tooth 
#11). But the ABO does not even require the roots of 
the canines to be parallel with the adjacent teeth for 
the board case (at the time of this writing). This lack of 
requirement is based on the claim that panoramic 
radiograph suffers from distortion in the canine region. 
But with a CBCT scan, one can verify easily if the roots 
of the canines are parallel with the roots of the adja-
cent teeth.

Some people use the term root angulation to discuss 
root parallelism. This term may be applicable only for 
2D panoramic radiograph, but it is a poor term for 3D 
imaging. With panoramic radiograph, angulation means 
mesial–distal tipping, but angulation, in a strict sense, in 
3D could also mean buccal–lingual tipping.

It should be emphasized that a panoramic image can 
be either a conventional 2D panoramic radiograph or 
one that is reconstructed from the CBCT 3D data that is 
taken with a sufficiently large FOV scan.

How to avoid and treat the complication
To check for root parallelism, the BW and PA can be uti-
lized if they are available, and the clinician can extrapo-
late from these radiographs. But these radiographs may 
not give accurate results because the angles where they 
are taken may be off.

It would be better to take a panoramic radiograph. 
But one may ask, what about radiation dose? For the 

(a) (b)

Figure 9.12 An example of proper amount of elastic chain stretching. (a) Closing upper diastema. (b) Closing lower diastema 
(Reproduced with permission from Dr. Hung Vu).
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purpose of checking root parallelism, there is no need to 
see the panoramic image with high degree of clarity 
using standard settings. All we need to see is the shadow 
of the roots; thus the parameters kV and mA should be 
reduced to minimum. In this fashion, the radiation dose 
may be even less than that of a normal BW or PA.

Root resorption
The cause of RR is multifactorial, and the major risk 
factor is genetic predisposition or individual suscepti-
bility. RR is unpredictable, but unfortunately it is a 
common occurrence in orthodontic treatment.

Weltman et al. (2010) stated that “Many general 
dentists and other dental specialists believe that RR is 
avoidable and hold the orthodontist responsible when it 
occurs during orthodontic treatment.” But this is a 
wrong belief. Although many studies reported risk 
factors of RR, the exact etiology is still unknown, hence 
idiopathic.

The RR associated with orthodontic treatment is 
typically localized at the root apex; thus, it is called 
apical root resorption (ARR) or external apical root 
resorption (EARR). ARR can occur on both deciduous 
and adult roots, but the resorption of deciduous teeth 
is a normal physiologic phenomenon, whereas that 
of  adult teeth is not. An example of ARR is given in 
Figure  9.14. The patient had previous orthodontic 
treatment elsewhere.

RR can be characterized as internal or external. 
Inflammation of the pulp is responsible for internal root 
resorption (IRR), which causes the loss of dentin in 
the root canal of a tooth. Additional characterization 
involves two types of internal resorption: replacement 
and inflammatory resorption. External root resorption 
(ERR) can be classified into four types: surface resorp-
tion, inflammatory resorption, replacement resorption, 
and ankylosis. ERR may occur after injuries, for 
example, luxation, tooth avulsion, and reimplantation. 

(a)

(b)

Figure 9.13 Root parallelism. (a) Parallel roots—except for the third molars. (b) The root of the upper right canine (tooth #6) is not 
parallel with those of adjacent teeth (Reproduced with permission from Dr. Hung Vu).
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External inflammatory RR is further categorized into 
external cervical root resorption (ECRR) and EARR.

Orthodontically induced inflammatory root resorption 
(OIIRR) is of special concern to clinicians who practice 
orthodontics. Brezniak and Wasserstein (2002) stated 
that “orthodontics is the only dental profession that uses 
the inflammation process to solve esthetic and functional 
problems.”

According to Massler and Malone (1954), RR of adult 
teeth due to traumatization of the periodontal membrane 
was first mentioned by Bates in 1856. Reitan (1974) 
stated that ARR on extracted teeth was first detected by 
Schwarzkopf in 1887. Schwarz (1931) wrote that ortho-
dontic forces were first experimented on animals by 
Carl Sandstedt in 1904, and Meikle (2006) reported 
the same, but the years were 1904–1905 (Sandstedt, 
1904, 1905). When Ketcham (1927, 1929) reported 
ARR associated with orthodontic treatment, it became 
a major concern for orthodontists. For simplicity, the 
terms ARR and OIIRR are used interchangeably in this 
chapter.

For some less fortunate orthodontic patients, ARR is 
an inevitable outcome.

Biology
Odontoclasts are clastic cells that remove dental tissues, 
that is, cementum, dentin, and enamel, and they are 
similar histologically to osteoclasts which are respon-
sible for bone removal. Odontoclasts are derived from 
monocytes and migrate from the blood vessels to the 
resorption site, where they fuse to form the multinu-
cleated cells (Nanci, 2003). Odontoclasts are also seen in 
the cemental and osseous surfaces of the PDL (Newman 
et al., 2002). The odontoclasts that specifically resorb 
cementum and dentin can be called cementoclasts and 
dentinoclasts, respectively. There is no such thing as 
enamoclast.

According to Newman et al. (2002), adult teeth do not 
undergo physiologic resorption as do deciduous teeth. 
The cementum of both erupted and unerupted teeth can 
be resorbed. And the resorption may be microscopic or 
macroscopic, but the latter can be seen radiographically. 
Cementum resorption is common, and it could happen 
to anybody. In one microscopic study reported by Henry 
and Weinmann (1951) that involves 261 teeth with 922 
areas, the resorption occurrence is 91% (236 teeth), and 
the majority is at the apical third of the root: 77% (708 
areas). In this study, 70% of all resorption areas were 
confined to the cementum, and the dentin was unaf-
fected. The causes of cementum resorption may be local 
or systemic or by an unknown etiology. Cementum 
resorption appears microscopically as concavities in the 
root surface. Multinucleated giant cells and large mono-
nuclear macrophages are generally found adjacent to 
the cementum that is undergoing active resorption. 
The resorption may extend into the dentin and even 
into the pulp. On the root surface, the cementum alter-
nates between resorption and apposition (deposition). 
Embedded fibers of the PDL reestablish a functional 
relationship in the new cementum, and the repair of the 
cementum requires the presence of a connective tissue. 
Cementum repair can occur in devitalized as well as 
in vital teeth, but the repair cannot materialize if the 
epithelium migrates into the resorption area.

Ankylosis is defined as the fusion of the cementum and 
alveolar bone with disappearance of the PDL. Ankylosis 
occurs in teeth with cemental resorption, so it appears as 
an abnormal repair. The root is resorbed and is then 
replaced by bone. Ankylosis may also develop after chronic 
periapical inflammation, tooth replantation, and occlusal 
trauma (Newman et al., 2002). Reimplanted teeth will 
typically ankylose and subsequently lose their roots.

Figure 9.14 Periapical radiograph of upper incisors 
(Reproduced with permission from Dr. Hung Vu).

Join us: https://t.me/dental_books_lib



220   Chapter 9

Osteoclasts and odontoclasts are necessary cells for 
tooth eruption, but they cause complications when 
associated with internal or external resorption of adult 
teeth.

Risk factors of apical root resorption
Pause in orthodontic treatment
A pause in orthodontic treatment seemed useful in min-
imizing RR since the resorbed cementum has a chance 
to heal and repair, preventing resorption (Reitan, 1964; 
Dougherty, 1968). But the jiggling force, associated with 
an intermittent force, is certainly damaging (Hall, 1978). 
The practical question regarding this complication is 
how to apply the concept of pausing in clinical ortho-
dontics, such as how long (duration) and how frequent 
(frequency) should the optimal pause be?

Clear aligners versus braces
The force exerted on a tooth can be considered intermit-
tent with clear aligners but continuous with braces. 
Roscoe, Meira, and Cattaneo (2015) examined the evi-
dence of association of orthodontic force system and RR 
with clear aligners and braces. They reported that there 
was a positive correlation between force magnitude and 
RR and also between treatment time and RR. In another 
study comparing clear aligners (ClearSmile, Australia, and 
Invisalign, United States) and braces (with light and heavy 
forces), the authors concluded that clear aligners have 
similar resorption as with light‐force braces (Barbagallo 
et al., 2008). The study of Invisalign aligner by Boyd 
(2007) showed no measurable RR. But Brezniak and 
Wasserstein (2008) contradict these studies by showing 
the case of a patient with severe RR of four upper incisors 
after 14 months of orthodontic treatment using Invisalign 
aligner via a case report.

Biologic and mechanical factors
Biologic factors include individual susceptibility, 
genetics, systemic factors, nutrition, age (chronologic and 
dental), dilacerations, gender, prior RR, habits, tooth 
structure, previous trauma, endodontically treated teeth, 
alveolar bone density, and classification of malocclusion. 
Mechanical factors include appliances (fixed vs. removable 
or clear aligners; Begg vs. edgewise), interarch elastics 
(rubber bands), intraarch elastics (elastic chain), open 
coil spring, closed coil spring, extraction versus nonex-
traction, RPE, orthodontic force (continuous vs. inter-
mittent forces), jiggling, and occlusal trauma.

Orthodontic treatment timing
According to Brezniak and Wasserstein (1993a and 1993b), 
orthodontic treatment should begin as early as possible 
since there is less RR in developing roots and younger 
patients show better adaptation to occlusal changes.

Types of tooth movement
Any type of tooth movement can cause RR, and it 
appeared that intrusion is the most damaging (Reitan, 
1985). High incidence of RR is associated with impacted 
canines (Linge and Linge, 1991). Suppose the surgical 
exposure of an impacted canine has been performed 
optimally and the eruption of the canine is not in the 
colliding path to its adjacent teeth. Then, the extrusive 
force of orthodontic traction that is applied on the 
impacted canine will create an intrusive force on its 
adjacent incisor. This is a direct consequence of action–
reaction principle of mechanics, namely, Newton’s third 
law. Thus, according to these references, this intrusive 
force may cause a high risk for RR.

Predictability
RR is unpredictable, and it could happen to any sus-
ceptible orthodontic patient under the care of any 
orthodontic specialist.

Age
Resorption of the roots of primary teeth is a normal 
physiologic phenomenon, but that of adult teeth is not 
(Brezniak and Wasserstein, 1993a and 1993b).

Chronologic age A majority of studies reported that RR is 
more prevalent in adults since both the periodontal 
membrane and alveolar bone become less vascular 
and aplastic (having no tendency to develop into new 
tissue), causing higher susceptibility to RR (Reitan, 
1985). The PDL may adapt to occlusal changes more 
favorable in young patients. But a few other studies 
showed no relationship between ARR and patient age, 
with orthodontic treatment.

Dental age Rosenberg (1972) reported that incompletely 
formed roots appeared to have less RR than those with 
completely formed roots, with orthodontic treatment. 
In other words, RR is more prevalent in late teens and 
adults. According to Massler and Malone (1954), root 
resorption incidence increases with age—with or 
without orthodontic treatment.
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Magnitude of applied force
According to Schwarz (1931), RR ceases when pressure 
from orthodontic force is less than 20–26 gf/cm2, but 
Miura (1975) claimed that the threshold pressure must 
be higher. Nevertheless, even without orthodontic 
treatment, ARR occurred in individuals with predisposi-
tion (Massler and Malone, 1954). Although properly 
light force should be used in clinical orthodontics, it 
would be wrong or over‐simplistic if some dental spe-
cialist advises another dentist as “in order to avoid RR, 
just use light force!” The reason is that even if the clini-
cian applies the lightest possible force in the mechanics 
of moving teeth, RR still can occur for unlucky patients 
who have genetic predisposition or individual suscepti-
bility. Moreover, the high pressure on some root surface 
may be the consequence of heavy occlusal forces exert-
ing on the tooth, by the patients themselves—regardless 
how light of the force the clinician applies. The high level 
of pressure may have nothing to do with the orthodontic 
treatment, unless the clinician inadvertently creates 
occlusal trauma in the process of moving teeth.

Postorthodontic treatment
Some people believe that resorption associated with 
orthodontic treatment should cease once the active 
treatment is ended. Postorthodontic RR may be related 
to causes other than the treatment itself, for example, 
occlusal trauma. A few studies report that some RR 
occurred even in retention phase.

Treatment duration
Many studies reported that RR is directly related to active 
orthodontic treatment, but a few other studies disagreed.

Some other factors affecting RR are given as follows:
•  Amount of tooth movement (Mirabella and Artun, 

1995)
•  Ethnicity (Sameshima and Sinclair, 2001).
•  Nutrition (Marshall, 1929; Becks, 1936) and previous 

trauma (Linge and Linge, 1983)
•  Biological sex (McNab et al., 1999; Marshall, 1929)
•  Systemic factors (McNab et al., 1999)

Tooth‐size discrepancy: Upper peg lateral
As stated in the section on extraction, one of the 
fundamental requirements of a finished orthodontic 
case is that all the (intraarch) spaces must be closed. But 
it is impossible to satisfy this requirement by ortho-
dontic means alone in some cases.

For ideal treatment outcomes, especially occlusion, 
the teeth in the upper arch must match the opposing 
teeth in the lower arch. The relationship is analogous to 
that of a lock and its key or a lid and its pot. Unlike 
plastic teeth, natural teeth sometimes do not come with 
ideal sizes and shapes. If the tooth‐size discrepancy is 
significant, the treating orthodontist would need to 
team up with a GD to offer the patient the options of 
changing the abnormal tooth/teeth to the proper size 
and shape.

How to avoid and treat the complication
Some patients present with small upper lateral incisors, 
also called peg lateral. Consider the following case of a 
female patient with small upper lateral incisors 
(Figure 9.15a and b).

Recognizing the tooth‐size discrepancy complication, 
the orthodontist explained to the patient and her 
mother that she would need a GD helping her near the 
conclusion of orthodontic treatment. The patient then 
proceeded with conventional twin metal brackets for 
braces (not shown).

Near the end of orthodontic treatment, the patient 
was ready for her GD. It must be emphasized that before 
the patient is seen by the GD, the lateral and central 
incisors must be in proper position and orientation, with 
their roots parallel to the adjacent roots.

In this case, for the upper peg lateral incisors, a 
composite bonding procedure was performed by a 
skilled GD (Dr. Mindy Nguyen) to yield the proper size 
and shape (Figure 9.15c). The patient was also consid-
ering tooth whitening at a later time.

Underbite
Underbite is the term that a layperson would typically 
use, but dentists would use the correct term: anterior 
crossbite or negative OJ. This condition is often associ-
ated—but not always—with class III malocclusion.

Complications and how to avoid and treat them
There are many different techniques that can be 
used to treat this kind of problems. A thorough discus-
sion of these techniques is beyond the scope of this 
chapter.

For some patients with mild anterior crossbite and 
class III malocclusion, class III mechanics with rubber 
bands could be used successfully if the patient is highly 
motivated.
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When the patient has moderate negative OJ, one of 
the proposed treatments would be extracting the lower 
first premolars and upper second premolars—provided 
that the rest of the teeth are healthy and worth keeping. 
For class III malocclusion, extracting only the lower first 

premolars often leads to poor occlusion at the end of 
orthodontic treatment. Again, it should be emphasized 
that these extraction recommendations are oversimpli-
fied because the decision of which teeth to be extracted 
is based on multiple factors, including the possibility of 
orthognathic surgery especially for young adults with 
severe skeletal Class III.

White spot lesion
White spot lesion (WSL) on teeth is typically a manifes-
tation of either mild fluorosis (slightly excessive intake 
of fluoride) or demineralization/decalcification (loss of 
minerals or mineral salts). Although these two have a 
similar appearance on the enamel of the teeth, namely, 
a white spot, they have distinct physical characteristics.

Fluorosis is a defect of the enamel (hypomineralization 
or hypoplasia) due to excessive intake of fluoride during 
enamel formation. For young children, this problem is 
typically from the ingestion of fluoridated toothpaste. 
Mild fluorosis results in white flecks or white lines or 
opaque patches in the enamel, whereas moderate and 
severe fluorosis would display chalky and opaque or 
mottling enamel (Cameron, 2003). Enamel with mild 
fluorosis would be smooth, shiny, and noncarious. 
Lesion is derived from the Latin word laesio, meaning 
injury, so mild fluorosis should not be considered as a 
lesion.

On the other hand, demineralization is defined as “…
subsurface enamel porosities from carious” with “a 
milky white opacity…” (Summitt et al., 2006; Maxfield 
et al., 2012).

Dental plaque and dental caries
Dental plaque comprises mainly microorganisms and 
their extracellular products, and one of the damaging 
products is acid. Most of the microorganisms are 
bacteria; some microorganisms in the plaque are still 
not yet identified; nonbacterial microorganisms include 
Mycoplasma species, yeasts, protozoa, and viruses 
(Contreras and Slots, 2000); the plaque also contains 
some host cells, that is, epithelial cells, macrophages, 
and leukocytes (Newman et al., 2002).

Dental caries or carious lesion is an infectious disease, 
and the Gram‐positive bacteria group mutans streptococci 
of which the species Streptococcus mutans and Streptococcus 

sobrinus are primarily responsible for causing decay 
(Balakrishnan et al., 2000). These bacteria can survive in 
an acidic environment (low pH).

(a)

(b)

(c)

Figure 9.15 Small upper lateral incisors: (a) front, (b) occlusal, 
and (c) cosmetic bonding toward the end of orthodontic 
treatment (Reproduced with permission from Dr. Hung Vu).
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The saliva’s mean pH is between 6.75 and 7.25, which 
supports the growth of many bacteria, and its ionic 
composition promotes buffering properties as well as 
remineralization of the enamel (Marsh, 2000). When 
the pH in the plaque is below the critical level of 5.5, the 
produced acid begins to demineralize the enamel 
(Cameron, 2003). If the acid demineralization predomi-
nates, it results in carious lesion which is opaque, rough, 
and chalky (porous). And this lesion is known as WSL.

In a healthy oral condition, the plaque microflora is 
composed of certain microorganism species that are 
maintained in a healthy equilibrium, but in disease the 
composition shifts away from that.

With braces (fixed orthodontic appliance), it may be 
difficult or time consuming for a orthodontic patients to 
keep the brackets and teeth always free of plaque. Thus, 
for those patients who do not maintain good OH, unfor-
tunately, one of the permanent outcomes is WSL, and 
its common place is around the edge of the bracket that 
is bonded to the enamel. It can also be at the gingival 
line.

In the oral environment, there exist dynamic and 
competing processes between demineralization and 
remineralization of the enamel, and WSL occurs when 
the former predominates. WSL begins as demineraliza-
tion followed by a cavitated lesion and then finally 
becomes cavitated lesion (Fejerskov and Kidd, 2003; 
Guzmán‐Armstrong et al., 2010).

WSL detracts from otherwise successful orthodontic 
treatments. Although the responsibility of keeping 
the  teeth clean rests solely on the patient, WSL can 
be  prevented if there is good communication among the 
cooperating/complying patient (and patient’s parent if 
patient is minor), the orthodontist, and the GD.

An example of a patient with WSL is given in 
Figure 9.16. Certain spots can also have yellow stains. 

This individual had orthodontic treatment elsewhere 
and came to the author’s office for replacing his retainers 
that he had lost. The demineralization is extensive, but 
the irreversible damage could have (or should have) 
been prevented. In this case, it is unknown if the patient 
did not comply with the given oral hygiene instruction 
(OHI) or refused to visit his GD for cleaning or the 
orthodontist did not enforce good OH practice during 
regular orthodontic visits.

Another instance of poor OH is given in Figure 9.17. 
This individual had orthodontic treatment elsewhere 
and came to the author’s office for an evaluation/ 
consult. She had severe gingivitis and heavy plaque 
buildup. This condition, could have certainly lead 
to WSL.

Prevention and treatment
The best way to prevent WSL is by having good OH. It is 
a well‐known fact that patients with poorly  controlled 
diabetes are more  susceptible to dental  caries  (Falk, 

Figure 9.16 Postorthodontic treatment with WSL and some 
yellow spots (Reproduced with permission from Dr. Hung Vu).

(a)

(b)

Figure 9.17 Poor OH: (a) center and (b) upper (Reproduced 
with permission of Dr. Hung Vu).
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Hugoson, and Thorstensson, 1989; Galea, Aganovic, 
and Anganovic, 1986). But for patients with poor OH or 
poor compliance what could be done?

For prevention, McDonald, Avery, and Dean (2004) 
recommended that dental plaque should be controlled 
with two specific goals: (i) removal of supragingival 
plaque for the prevention of caries, which is directly 
reducing the numbers of mutans streptococci (Gram 
positive), and (ii) removal of subgingival plaque for the 
prevention of gingivitis, which is directly reducing Gram‐
negative bacteria since the plaque associated with gingival 
inflammation is predominantly occupied by Gram‐nega-
tive bacteria (or indirectly promoting the microflora that 
is associated with gingival health, i.e., Gram‐positive 
bacteria). Note that Aggregatibacter actinomycetemcomitans 
and Porphyromonas gingivalis (both Gram negative) are 
periodontal pathogens (Newman et al., 2002).

For prevention and treatment of WSL, Guzmán‐
Armstrong et al. (2010) recommended the following 
(depending upon patient condition): “fluoride tooth-
pastes, gels, varnishes, and mouth rinses; antimicro-
bials; xylitol gum….”

Fluoride toothpastes and gels
The use of high‐concentration fluoride toothpastes and 
gels (1500–5000 ppm) twice daily (during orthodontic 
treatment) has shown a tendency to inhibit demineral-
ization (Derks et al., 2004; Baysan et al., 2001).

Fluoride varnish
It is recommended that moderate‐risk and high‐risk 
orthodontic patients should have an in‐office fluoride 
varnish application every 6 months or even every 
3 months if necessary (Am. Dent. Assoc. Council of 
Scientific Affairs, 2006a and 2006b).

Fluoride varnish, which typically has 5% sodium 
fluoride (NaF) or 22 600 ppm fluoride, is not a permanent 
varnish, but it provides a highly concentrated fluoride to 
the tooth surface. The varnish, which is a suspension of 
sodium fluoride in alcohol‐ and resin‐based solution, sets 
quickly upon contacting saliva. When applied, the var-
nish is recommended to remain on the teeth for at least 
4–6 h, approximately. Fluoride varnish must be delivered 
by a dental professional in most states (ASTDD, 2007).

Examples of fluoride varnishes are Colgate® 
PreviDent® Varnish, MI Varnish™ (GC America), 
Clinpro™ White Varnish (3M ESPE), and Premier® 
Enamel Pro® Varnish. Different manufacturers make 

different fluoride varnishes, and these products release 
varying amounts of fluoride, calcium, and phosphate 
ions. MI Varnish is a topical fluoride varnish with 
calcium and phosphate, but it releases the most amounts 
of fluoride and calcium ions, whereas Premier® Enamel 
Pro® Varnish releases the most amount of phosphate 
ions (Cochrane et al., 2014).

Note that the contraindication of fluoride varnish is 
necrotizing ulcerative gingivostomatitis which is also called 
acute necrotizing ulcerative gingivitis (ANUG) or trench 

mouth.
According to ASTDD (2007), fluoride varnish has 

been found effective in preventing caries on both pri-
mary and permanent teeth. But the US Food and Drug 
Administration (FDA) approved fluoride varnish only 
for dentin hypersensitivity treatment or for cavity var-
nish—not for caries prevention or protection.

Fluoride mouth rinse
It is thought that fluoride mouth rinse may reduce the 
severity of WSL during orthodontic treatment, but there 
is little evidence supporting this idea.

Antimicrobials: Chlorhexidine gluconate
As an antimicrobial agent, chlorhexidine mouth rinse 
may be beneficial in preventing WSL when patients are 
having orthodontic braces, based on the idea of shifting 
the ecology from an unfavorable to favorable microflora 
in the oral cavity. But chlorhexidine mouth rinse causes 
staining quickly, so it would be unacceptable.

Xylitol gum
Guzmán‐Armstrong et al. (2010) stated that xylitol 
chewing gum is noncariogenic and seems to be antimi-
crobial. From a 40‐month cohort study in 1989–1993, 
Makinen et al. (1995) concluded that xylitol is the most 
effective agent in reducing caries compared to other 
chewing gums.

Part II: Periodontal complications 
associated with orthodontic therapy

Introduction

The importance of understanding the relationship bet-
ween periodontal health and orthodontic tooth 
movement cannot be overstated. Clinicians providing 
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orthodontic services should be familiar with the 
reciprocal relationship between common periodontal 
conditions and orthodontic therapy. This would 
include a basic understanding of the development, 
prevention, and treatment of the periodontal 
inflammatory diseases—gingivitis and periodontitis, 
gingival hyperplasia, mucogingival deformities, and 
periodontal abscess.

Treatment that did not have a coordinated 
plan
Avoiding complications: periodontal treatment plan-
ning for an orthodontic patient (Mathews and Kokich, 
1997; Vanarsdall, 1981; AAP, 2003; Diedrich, Fritz, and 
Kinzinger, 2004, adapted from Milano and Milano, 
2012).

Combined orthodontic and periodontal treatment 
requires a coordinated plan, a “roadmap,” from the 
inception to the conclusion of the treatment.

Preceding orthodontic therapy
•  Comprehensive periodontal examination
•  Diagnosis
•  Prognosis
•  Treatment planning and coordination with orthodontic 

therapy
•  OHIs
•  Nonsurgical therapies (scaling, root planing, correction 

of plaque‐retaining sites, e.g., faulty restorations, 
caries)

•  Reevaluation
•  Periodontal surgery of sites not responding to scaling 

and root planing and not amenable to control by 
routing preventive maintenance

•  Gingival augmentation (e.g., gingival recession, thin 
tissue, root exposure)

•  Frenulectomy
•  Canine exposure surgery

During orthodontic therapy
•  Preventive maintenance

 ○ OH reinforcement
 ○ Control plaque‐associated gingival inflammation
 ○ Monitoring of at‐risk sites
 ○ Coordination of visits between the orthodontist 

and providers of preventive/general care
•  Canine exposure surgery
•  Emergency care

During and after orthodontic therapy
•  Definitive corrective surgery: pocket reduction by 

osseous surgery and regenerative therapy.
Definitive corrective surgery for periodontitis and 
soft‐tissue grafting may be elected at any time before, 
during, or after orthodontic therapy. The timing of 
these treatments is based on clinical findings. Efforts 
to arrest active periodontal diseases are made before 
orthodontic tooth movement. The most common 
treatment for plaque‐associated inflammatory 
periodontal diseases is nonsurgical, for example, OHIs 
and periodontal scaling (Sanders, 1999). However, if 
the treatment response is found to be inadequate or 
there is disease recurrence during orthodontic tooth 
movement, an additional treatment should be 
undertaken to control periodontal inflammation and 
disease progression. If the inflammation can be 
controlled via repeated nonsurgical treatment or 
limited periodontal surgery, definitive osseous or 
regenerative surgery may be delayed until after the 
completion of orthodontic therapy. This takes into 
consideration the morphological bone changes that 
can occur during orthodontic movement, which may 
reduce the extent of surgery required. Postponement 
of orthodontic tooth movement is recommended dur-
ing the healing period of any surgical intervention 
(Brown, 1973; Diedrich, Fritz, and Kinzinger, 2004).

•  Periodontal soft‐tissue grafting, including possible 
root coverage surgery
Progression of gingival recession during orthodontic 
treatment is an indication for soft‐tissue grafting (AAP 
Parameters of Care, 2000a–2000d; Zachrisson, Lang, 
and Lindhe, 2008). However, teeth with narrow 
zones of keratinized attached tissue can be success-
fully maintained with good OH (Wennström, 2014). 
However, teeth with thin periodontal tissues, when 
moved beyond the envelope of the alveolar housing, 
are at risk for gingival recession (Wennström, 1996). 
If such tooth movement is planned, preemptive 
soft‐tissue grafting intended to stabilize the tissue 
attachment by increasing tissue volume (thickness) 
may be considered. If there is a decision to monitor 
these sites and changes in tissue levels are noted, 
orthodontic treatment may be temporarily suspended 
in favor of soft‐tissue augmentation. After a healing 
period of approximately 6 weeks, active orthodontic 
tooth movement can be continued (Wennström et al., 
2008).
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•  Crown lengthening
Crown lengthening surgery may be accomplished 
during and after orthodontic therapy to assist with 
necessary restorative dentistry (Camargo et al., 2007).

•  Gingival reshaping (e.g., hyperplastic gingiva)
Gingival reshaping may be accomplished during 
orthodontic therapy to remove overgrown tissues 
that interfere with the placement of orthodontic 
appliances and with OH procedures. After the com-
pletion of orthodontic therapy, gingival reshaping is 
done to improve gingival health, OH access, and 
esthetics.

•  Emergency care
During orthodontic treatment, emergency care should 
be considered in the event of periodontal or end-
odontic infections, dental pain due to caries, and oro-
facial trauma (Polson et al., 1984).

After orthodontic therapy
•  Preventive (supportive) maintenance
•  Monitoring for changes (e.g., gingivitis, periodontitis, 

gingival recession)

Prevention
Avoiding complications—comprehensive periodontal 
examination (AAP Parameters of Care, 2000a–2000d).

Orthodontic patients are also periodontal patients. 
Orthodontic treatment should be preceded by a 
 comprehensive periodontal examination, irrespective 
of the patient’s age (AAP, 2011; Milano and Milano, 
2012):
•  Up‐to‐date medical and dental history. The 

patient’s medical and dental history can have a 
significant impact on the course and success of 
orthodontic treatment. As with many types of dental 
treatment, common medical conditions to be consid-
ered may include diabetes mellitus, bleeding disor-
ders, active viral illness, and conditions requiring 
antibiotic prophylaxis. Patients with a high caries 
experience, current or treated, and periodontal 
disease require additional attention (Zachrisson, 
Land, and Lindhe, 2008).

•  Chief complaint. The chief complaint is the primary 
reason for the patient seeking treatment.

•  Extra‐ and intraoral examination. Extra‐and 
intraoral examination for pathological conditions 
should be completed before treatment is rendered 
(AAP, 2003).

•  Current PA and BW radiographs of diagnostic 
quality. Current radiographs are required to provide 
for assessment of periodontal bone levels and the 
presence of mineralized dental deposits.

•  Presence and distribution of plaque, calculus, 
and OH adequacy. A key element in the periodontal 
management of orthodontic patients with a history of 
susceptibility to periodontitis is the control of dental 
plaque‐associated inflammation. It is important to 
establish a baseline of patient personal OH and pre-
ventive care before and during orthodontic treatment 
(Zachrisson, Lang, and Lindhe, 2008).

•  Degree and distribution of gingival inflamma-
tory changes. Severity of gingival inflammation is 
often described as slight, moderate, or severe. These 
may all be found within a single dentition. The distri-
bution is expressed as localized (<30% of teeth) or 
generalized (>30% of teeth) (Armitage, 2004; 
Fiorellini et al., 2012; Hujoel, 2015).

•  Periodontal soft tissues. Periodontal soft tissues are 
often described by their color, size contour, shape, 
consistency, surface texture, and gingival margin 
position (Fioriellini and Stathopoulou, 2015).

•  Periodontal probing depths. The measurement of 
the gingival sulcus or periodontal pocket, extending 
from the gingival margin to where the probe tip stops 
within the gingival sulcus, at a consistent probing 
force (Gabathuler and Hassell, 1971).

•  Clinical attachment levels. Clinical attachment 
levels are the point at which the periodontal tissues 
attach to the tooth. This is measured from a fixed 
point, such as the CEJ to the point where the 
periodontal probe tip stops within the gingival sulcus 
(AAP Glossary of Periodontal Terms, 2001).

•  Periodontal bone loss. Radiographic evidence of 
bone loss is the clinical reflection of a history of peri-
odontitis. Past periodontitis is considered a risk factor 
for possible future periodontal breakdown (Dommisch 
and Kebschull, 2015).

•  Bleeding on probing. Bleeding on probing is an 
important indicator of subgingival inflammation. 
Sites that consistently lack bleeding on probing are 
considered to be less likely to suffer from future peri-
odontitis. Consequently, clinicians should strive to 
achieve this treatment endpoint (Lang et al., 1986).

•  Furcation invasions. Periodontitis lesions often 
extend between the roots of multirooted teeth. These 
defects are the most challenging to treat successfully 
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and require special monitoring during orthodontic 
treatment. Rapid increases in severity should be 
addressed without delay (Hirshfeld and Wasserman, 
1978).

•  Dental mobility and fremitus. Significantly 
increased dental mobility and fremitus could be signs 
of lost periodontal attachment (bone loss) and/or 
excessive occlusal forces (Lindhe and Ericsson, 1976).

•  Mucogingival relationships. The extension of a 
periodontal pocket beyond the mucogingival junction 
should be considered for treatment. These sites are 
difficult to maintain and are at risk for continuing 
progression (Maynard and Wilson, 1980).

•  Gingival recession. Baseline measurements will 
assist in specific treatment planning: the direction of 
proposed tooth movement relative to an area of reces-
sion, pretreatment gingival grafting, monitoring, and 
posttreatment needs (Maynard and Wilson, 1980; 
Zachrisson, Lang, and Lindhe, 2008).

•  Width of keratinized tissue. Narrow bands of kera-
tinized gingiva are at no greater risk of recession, as 
long as inflammation is controlled (Wennström et al., 
1987).

•  Thickness of gingival marginal tissue. Thin 
marginal tissues are at greater risk of recession due to 
inflammation and orthodontic tooth movement in the 
direction of a thin cortical plate and out of the normal 
contour of the alveolus (Maynard and Ochsenbein, 
1975; Maynard and Wilson, 1980; Zachrisson, Lang, 
and Lindhe, 2008)

•  Abnormal frenulum insertions. The participation 
of the maxillary anterior frenum in the formation of 
a midline diastema is controversial (Zachrisson, 
Lang, and Lindhe, 2008). When reaching the gingival 
margin, they can contribute to tissue retractability, 
compromising OH and promoting gingival inflam-
mation and hyperplasia. Fan‐shaped, hyperplastic 
midline frenum attachment can interfere with space 
closure and is an indication for removal (Zachrisson, 
Lang, and Lindhe, 2008). With the frenotomy 
procedure, care should be taken not to damage inter-
proximal papilla (Zachrisson, Lang, and Lindhe, 
2008).

•  Vestibular depth. A shallow vestibule can reduce 
access for OH, and the soft tissues of the cheek may be 
subject to trauma from the orthodontic appliances.

•  Tooth/root prominence. Root prominence may 
indicate thin gingival tissues and thin or absence of 

underlying bone. Tooth movement in the direction of 
tooth prominence, beyond the envelope of the 
genetically determined bone profile, is a risk for 
gingival recession (Wennström et al., 1987, 2008).

•  Root proximity. Roots in close proximity are more 
difficult to clean and are therefore at a greater risk of 
periodontal inflammation and bone loss (Vermylen 
et al., 2005).

•  Periodontal biotype. The relative anatomical mor-
phology of the periodontium has been described as 
thin (scalloped), average, and thick (flat) (Zweers 
et al., 2014). It has been suggested that a thin (scal-
loped) biotype, suggesting a reduced periodontal 
tissue volume, has a greater tendency for gingival 
recession. This could present a risk in orthodontic 
tooth movement, as previously noted (Krishnan et al., 
2007).

Orthodontic treatment in conjunction with 
inflammatory periodontal diseases: Gingivitis and 
periodontitis
Periodontal disease is a chronic inflammatory disease 
that affects the gingival tissues (gingivitis) and can 
extend to the alveolar bone supporting the teeth (peri-
odontitis) (AAP, 2014b). If left untreated, periodontitis 
can lead to tooth loss (Martin et al., 2009). Consequently, 
it is essential for the treating clinicians to identify and 
treat patients with active periodontal disease (or those 
at risk), prior to orthodontic therapy. If more than one 
clinician is involved in the patient’s care, interdisci-
plinary collaboration is essential to avoid the sequelae of 
untreated disease. The team approach is critical to the 
diagnosis, treatment, and monitoring of the periodon-
tium during the course of orthodontic therapy.

Periodontal diseases as infections
Gingivitis and periodontitis, the two major forms of 
periodontal diseases, have been described as infections, 
initiated by microorganisms that colonize and grow at 
or apical to the gingival margin (Socransky and Haffagee, 
2008). While the relationship between these microor-
ganisms and their host is usually benign, specific bacteria 
may overgrow, change, or be newly introduced, upset-
ting the homeostatic equilibrium. This can result in the 
clinical manifestations of the disease process, including 
periodontal bone loss. Periodontal disease progression 
was previously thought to be slow and continuous. 
However, it is now also believed to progress episodically, 
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with “bursts” of activity, followed by periods of quies-
cence (Socransky et al., 1984). Reestablishment of the 
equilibrium can occur either spontaneously or as the 
result of treatment (Socransky and Haffagee, 2008). 
Unfortunately, these episodes of attachment loss are not 
predictable, and continuous efforts should be made at 
preventing their occurrence and progression.

While periodontal microorganisms are required to 
initiate the disease process, other factors can influence 
susceptibility, rate of progression, and the potential 
success of treatment (Kornman, 2008). Risk factors 
often associated with periodontitis have been catego-
rized as behavioral, host‐genetic, environmental, 
bacterial, modifiable, and nonmodifiable (Ronderos 
and Ryder, 2004; Kornman, 2008; Van Dyke and 
Sheilesh, 2005).

Plaque‐induced gingivitis in patients undergoing 
orthodontics
Definition and prevalence
Plaque‐induced gingivitis is defined as an inflammation 
of the gingiva in the absence of clinical attachment or 
bone loss (AAP Parameters of Care, 2000a–2000d). 
Gingivitis is the most common form of periodontal dis-
ease, with prevalence estimates approaching 100% in 
children and adolescents (Koch and Lindhe, 1967; 
Vanarsdall, 1981) and 50–90% of adults (Albandar and 
Rams, 2000, Albandar and Tinoco, 2002).

Due to the ubiquitous presence of gingivitis, espe-
cially in children, there may be a tendency to accept that 
the periodontium can resist the “stresses” of orthodontic 
treatment without negative consequences. However, 
that is not necessarily the case (Vanarsdal, 1981; Polson 
and Reed, 1984; Joss‐Vassalli et al., 2010). While gingi-
vitis does not result in bone or tooth loss, it is considered 
a precursor of periodontitis, beginning as early as 
childhood. As such, treatment and control of gingivitis 
are an essential instrument in the prevention of peri-
odontitis (Quirynen, Dekeyser, and van Steenberghe, 
1991).

Clinical signs and symptoms
Gingivitis is commonly identified by its clinical signs 
including redness, edema, and bleeding on probing. 
Local factors such as dental plaque and calculus are 
often present. However, there is no radiographic 
 evidence of bone loss (AAP Parameters of Care, 
2000a–2000d).

Prevention
Plaque‐associated gingivitis is a reversible condition. 
Therapy aimed at the reduction of etiologic factors 
(plaque and calculus) includes initial anti‐infective 
treatment, followed by supportive/preventive care. The 
goal is to reduce subgingival bacteria below the threshold 
required to produce the inflammatory response (AAP 
Position Paper, 2003; Robinson, 1995).

Periodontal disease in patients undergoing 
orthodontics
Common risk factors for periodontitis  
(Van Dyke and Sheilesh, 2005)
Modifiable risk factors
•  Smoking
•  Diabetes mellitus
•  Microorganisms
•  Psychological factors (stress)
Nonmodifiable risk factors
•  Genetics
•  Host response
•  Aging

The goal of periodontal treatment is to reestablish a 
“nonactive,” healthy state by addressing the modifiable 
risk factors. This would include reducing the subgingival 
microorganisms to a level below which they can be con-
trolled by the host’s defense mechanisms (Zachcriasson, 
1996).

Management
Successful orthodontic therapy and the health of peri-
odontium are inseparably intertwined. Orthodontic 
tooth movement results from periodontal osteoclastic 
and osteoblastic activity when controlled forces are 
applied to the teeth (Ong, Wang, and Smith, 1998). 
Compression of the PDL during tooth movement 
reduces its blood supply, resulting in an avascular “cell‐
free” zone (“hyalinization”), temporarily halting the 
tooth movement. This effect is reversed by  resorption of 
the contiguous alveolar  bone (“undermining resorp-
tion”), paving the way for the reorganization of the PDL 
and the continuation of  the tooth movement. 
Regeneration of the PDL does  not proceed normally 
when the periodontal tissues are inflamed (Ericsson et 

al., 1977). Therefore, the periodontal remodeling 
required for orthodontic tooth movement is one that 
should be undertaken under periodontally healthy 
 conditions. This is particularly true in patients with a 
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history of periodontitis susceptibility or other factors 
predisposing patients to periodontal complications:
1 OHIs. The short‐ and long‐term value has been clearly 

demonstrated (Löe et al., 1965; Theilade et al., 1966). 
As orthodontic appliances can be obstacles to OH 
effectiveness, professional reinforcement of plaque 
control activities is important in maintaining a consis-
tent result (Suomi et al., 1971).

2 Correction of plaque‐retentive elements, such as 
active caries, defective restorations, and overhanging 
margins, should be considered part of the OH con-
tinuum (AAP Report, 2001).

3 Use of a power toothbrush with a 2 min timer and 
an oral irrigator with or without medicaments can 
be useful adjuncts to prevention (AAP Position 
Paper, 2003, 2005; Gugerli et al., 2007; Nanning 
et al., 2008).

4 Scaling, and root planing, as needed, in sites of previous 
attachment loss, aimed at removing plaque, calculus, 
and tooth surface accretions (AAP Report, 2001).

5 Continuing supportive periodontal maintenance. To 
maximize a successful outcome, effective personal 
OH and professional preventive care on a regular 
3–4‐month interval, during orthodontic treatment, 
should be considered.

6 Close monitoring for OH efficacy, gingival inflamma-
tion, and increased probing depths associated with 
attachment loss (AAP Parameters of Care, 2001).

7 In cases of extremely poor OH, discontinuance of 
orthodontic tooth movement should be considered 
until OH and periodontal health status improves 
 sufficiently to reinstitute an active treatment.

Complication: Undetected periodontal disease for 
patients undergoing orthodontic treatment
Definition and prevalence
Chronic periodontitis is defined as an inflammation of 
the gingiva extending into the adjacent attachment 
apparatus (AAP Parameters of Care, 2000a–2000d).

Adult patients are and will be seeking orthodontic care 
(AAO, 2013). Patients, including children and adolescents, 
with an undiagnosed and untreated periodontal disease 
can worsen during orthodontic treatment. Clinicians must 
be prepared to manage these potentially complicating 
conditions. With an early diagnosis and treatment, even 
patients with periodontally compromised dentitions can 
be successfully treated (Kokich, 2013).

Prevalence (United States)
47.2% 30 years and older (64.7 million adults) (Dye 

et al., 2012)
70.1% 65 years and older (Dye et al., 2012)
0.2–2.75% children and adolescents (Albandar, 2002, 

Albandar, Brown, and Löe, 1997)
0.2–0.5% children and adolescents with severe attach-

ment loss (Loe and Brown, 1991).
The disease is characterized by the loss of clinical 

attachment due to destruction of the PDL and loss of 
the adjacent supporting bone. Tooth loss can result as 
the ultimate complication (AAP Parameters of Care, 
2000a–2000d).

Clinical signs and symptoms
Periodontitis is commonly identified by the clinical 
signs of gingival redness, edema, bleeding on prob-
ing, periodontal pockets, and radiographic evidence 
of bone loss. Local factors such as dental plaque 
and  calculus are often present. Periodontal pockets 
 associated with bone loss are the major distinguish-
ing factors for gingivitis (AAP Parameters of Care, 
2000a–2000d).

Prevention
The key to preventing periodontitis is to control plaque‐
associated gingivitis (Loe and Brown, 1991; Socransky 
and Haffagee, 2008). Sites free of gingivitis are much 
less likely to progress to periodontitis (Lang et al., 1986). 
Therapy is aimed at reducing the factors etiologic to 
gingivitis (e.g., plaque and calculus). This includes anti‐
infective treatment, followed by supportive/preventive 
care. The technical goal of treatment is to reduce the 
potency of the subgingival biofilm below the threshold 
required to produce the inflammatory response (AAP 
Position Paper, 2003). The treatment of gingivitis can be 
found in the previous section.

Treatment (Carranza and Takei, 2012)
1 OHIs
2 Scaling and root planing
3 Reevaluation
4 Periodontal surgery of sites not responding to 

nonsurgical treatment to remove residual deposits, 
reduce periodontal pocket depth, and correct the 
bony defects caused by the disease process

5 Preventive (supportive) periodontal maintenance
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Complication: Gingival hyperplasia  
(enlargement, overgrowth)
Gingival hyperplasia is an enlargement of the gingival 
tissues, resulting from the proliferation of gingival 
epithelium and connective tissue elements (fibro-
blasts). It is most often an inflammatory response to 
plaque accumulation (Hong, 2007) (see Chapter 2). 
Mouth breathing and delayed eruption may serve as 
cofactors. Gingival hyperplasia can interfere with proper 
plaque control, complicate orthodontic treatment, and 
be esthetically displeasing. It can mask disease progres-
sion, gingivitis to periodontitis. Consequently, proper 
diagnosis and treatment is an essential part of overall 
therapeutic success (Sanders, 1999; Weinberg and 
Eskow, 2000; Doufexi, Mina, and Ioannidou, 2005) 
(Figure 9.18: gingival hyperplasia).

Diagnosis
The diagnosis is made primarily through clinical presen-
tation and medical history (Seymour, Thomason, and 
Ellis, 1996; Marshall and Bartold, 1998; Seymour, Ellis, 
and Thomason, 2000). The gingival tissues are often 
enlarged and may be fibrotic or edematous.

Prevention
1 Provide OHIs and remove dental deposits before initi-

ating orthodontic treatment.
2 Maintain high levels of plaque control during ortho-

dontic treatment, understanding that orthodontic 
appliances may complicate OH measures.

Treatment
1 Gingival hyperplasia may resolve after removal of the 

orthodontic appliances.
2 Nonresolving gingival hyperplasia, especially that 

which is associated with delayed eruption, may require 
surgical treatment before, during, or after orthodontic 
treatment (Camargo et al., 2001) (Figure 9.18).

Mucogingival deformities and orthodontic care
Definition and prevalence
Mucogingival deformities are deviations from the 
normal anatomic relationship between the gingival 
margin and the mucogingival junction (AAP Parameters 
of Care, 2000a–2000d). The two most common mucogin-
gival deformities that may complicate orthodontic care 
are gingival recession and aberrant frenal attachments.

Gingival recession has been defined as “the migra-
tion of the marginal soft tissue to a point apical to the 
cemento‐enamel junction of a tooth or the platform of 
a dental implant” (AAP, 2014a). This condition can be 
localized or generalized. It has been found to affect a 
significant percentage of the population, the preva-
lence increasing with age (Kassab and Cohen, 2003). 
In children and adolescents, the prevalence of gingival 
recession was 5% at 7 years, 39% at 12 years, and 74% 
at 17 years of age (Ainamo et al., 1986). It has been 
reported that more than 50% of 18–50‐year‐olds and 
88% of people 65 years and older have one or more 
sites of gingival recession. A multifactorial etiology has 
been proposed (Löe et al., 1992). Inflammation due to 
trauma from OH procedures, plaque‐induced 
periodontal infections, and dental treatment, superim-
posed on underlying alveolar bone deficiencies, have 
been identified as the most likely causes (Geiger, 1980; 
Watson, 1984).

Clinical signs and symptoms
The migration of the gingival margin to a position apical 
to the CEJ or the progression of previous recession.

Complications
1 Progressive gingival recession related to ortho-

dontic tooth movement. Gingival recession during 
orthodontics most often occurs when the tooth is 
moved through the cortical plate and outside the 
envelope of the alveolus. This may indicate the 
need for soft‐tissue grafting as a preventive measure 
(Ong, Wang, and Smith, 1998; Sanders, 1999; 
Zachrisson, Lang, and Lindhe, 2008).

Figure 9.18 Gingival hyperplasia during orthodontics.
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2 Clinical attachment loss. Clinical attachment 
loss indicates a reduced connection between a 
tooth and its surrounding periodontium. This could 
be the result of inflammatory periodontal disease or a 
mucogingival deformity (gingival recession). These 
findings could indicate the need for immediate or 
future treatment for active periodontitis or soft‐tissue 
grafting (AAP Position Paper, 2003).

3 Root exposure to the oral environment. Root 
exposure to the oral environment increases the possi-
bility of root damage related to cervical abrasion and 
acid erosion. Both reduce the structural integrity of 
the tooth and increase the risk of dentinal sensitivity 
and caries (Ravald and Hamp, 1981; West et al., 2013; 
Bignozzi et al., 2014).

4 Esthetics. Gingival recession involving the teeth 
located in the esthetic zone can be a concern for 
patients who display their gingiva on smiling 
(Needleman et al., 2004).

5 Dentinal sensitivity. Discomfort due to dentinal 
exposure can result in alterations in lifestyle, for 
example, eating, smiling, oral cleanliness, and 
periodontal health (Gillam et al., 2013).

6 Compromised OH. Gingival recession can result in 
reduced OH efficacy by exposing sensitive dentin 
(Addy, 2005).

Prevention
It had been suggested that 2 mm of keratinized gin-
giva, with 1 mm attached, is an adequate dimension 
for maintaining gingival health and stability (Lang and 
Loe, 1972). However, it was subsequently determined 
that even narrow zones of keratinized tissue would 
remain stable if good OH practices were instituted 
(Dorfman, Kennedy, and Bird, 1982; Kennedy et al., 
1985). Wennström and Lindhe (1983) proposed that 
insufficient buccolingual gingival thickness, rather 
than apicocoronal height of keratinized tissue, is a 
predisposing factor for gingival recession. If the tooth 
is moved within the envelope of the alveolus, there is 
little risk of recession (Steiner et al., 1981; Wennström 
et al., 1987). Gingival inflammation, inadequate OH, 
thin gingival tissues, and tooth movement beyond 
the natural genetically determined envelope (often 
to the buccal) can represent a risk for gingival reces-
sion, and sites showing these characteristics should be 
approached with caution when orthodontic treatment 
is considered.

Treatment
1 Periodontal examination for sites showing gingival 

recession, thin gingival tissues, and inadequate OH.
2 OHIs.
3 Consultation with the dentist performing orthodontic 

treatment regarding the direction and extent of tooth 
movement.

4 If the tooth is to be moved in the direction of reduced 
gingival thickness, the site should be considered for 
gingival enhancement by periodontal soft‐tissue 
grafting.
Evidence indicates that reduced tissue volume (often 
on the buccal side) offers reduced resistance to 
 gingival recession. Risk for the development of reces-
sion defects in conjunction with tooth movement is 
present if the tooth is moved out of the alveolar bone 
housing, creating an alveolar bone dehiscence 
(Wennström, 1996).

5 Any borderline sites should remain under close obser-
vation for progressive gingival recession.

6 In the event that progressive recession is observed, 
the orthodontic treatment should be temporarily 
suspended, gingival augmentation procedure com-
pleted, and orthodontic treatment reinstituted after a 
suitable healing period.

7 Aberrant frenal attachments that reduce OH efficacy 
or prevent the closure of a diastema may be surgically 
revised or removed.

Periodontal abscess during orthodontic 
treatment
A periodontal abscess is a localized, frequently puru-
lent inflammatory reaction, often as an exacerbation 
of preexisting chronic periodontitis (Carranza and 
Camargo, 2012). It may be chronic or acute. The latter 
is more frequently symptomatic. This condition can 
result in rapid, irreversible bone loss and should be 
treated immediately upon discovery (Sanz, Herrera, 
and van Winkelhoff, 2008). As previously noted, the 
inflammatory periodontal lesion can interfere with 
successful orthodontic tooth movement by preventing 
the regeneration of PDL and bone on the diseased root 
surface. Detailed treatment of the periodontal abscess 
is discussed in Chapter 2.

Prevention
1 Complete periodontal examination, diagnosis, and 

treatment to remedy active periodontal disease.
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2 Preventive periodontal therapy, adjusted to the 
patient’s particular risk profile and susceptibility. The 
value of good OH cannot be overstated.

Orthodontic specific treatment 
recommendations
1 Establish a definitive periodontal diagnosis (see 

Chapter 2).
2 Once the acute lesion has been diagnosed, halt active 

tooth movement.
3 Treat the abscess as described in Chapter  2 with a 

combination of establishing drainage, removing 
plaque and calculus, and implementing antibiotic 
therapy, as needed.

4 Reinitiate tooth active movement once the inflamma-
tion has resolved.

5 Periodontal surgery may be required to attain a satis-
factory result.

6 Continue preventive periodontal maintenance, with 
close observation for recurrence.
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postoperative 34
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ingestion of dental components 96–97

management 97

prevention 97, 97
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bacterial contamination 5
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postinjection pain and trismus 120–121

self‐inflicted trauma, pediatric patients 176–177, 177
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management 125
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malignant hyperthermia 139–140
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intraoperative fracture 109–110
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improper capture 18–19
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implant complications (cont’d)
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mineral trioxide aggregate (MTA), pulp capping 6

mucogingival deformities 230

see also gingival tissue

mucositis see peri‐implant mucositis

mylar matrix 2–3, 2

nausea, with nitrous oxide sedation 132–133

negative pressure pulmonary edema (NPPE) 139

nerve damage from implant placement 152–153
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neurotmesis 153

nickel allergy 177

NiTi file use 64

nitrous oxide inhalation sedation 130

inappropriate sensory experiences 134

metabolic disturbances and 133

nausea and vomiting association 132–133

oversedation 133–134

pediatric patients 180

see also sedation complications

obturation complications 65–66

occlusal adjustment 46
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bur selection 14
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excessive time to adjust occlusion 15

false contacts caused by thick articulating paper 14
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vertical dimension loss due to occlusal grinding 15

occlusal discrepancies

abfraction lesion association 15

implant prosthodontics 93–94

infra‐occlusion 14

occlusal grinding‐related complications

crown perforation 14

loss of vertical dimension 15

ocular complications, local anesthesia 125
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open bite 213

oral aversion 196

oral surgery complications 103–104

alveolar bone 108–109

emphysema 111

extraction of wrong tooth 110

infection and abscess 111

treatment 111

intraoperative bleeding 104–105

management in patients receiving homeostasis‐altering 
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mandibular fracture 109–110

tooth and root fracture 110–111

tooth displacement 105–107

into maxillary sinuses 105–106, 106
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into submandibular/sublingual spaces 107, 108

see also postoperative complications

oroantral fistula (OAF) 105, 106, 116, 115–117

treatment 116–117, 117

orthodontics 202

archwire complications 203

sliding archwire 203–204, 203

archwire materials 202

bonding the second molars 204–205

bonding versus banding the molars 204, 205

clear aligners versus conventional braces 205–206, 220

dental plaque 222

enamel tubercle on premolars 206

extraction 207, 208

impacted canines 207–209, 210

lower lingual arch 209, 210

midlines 209–213, 211, 212

open bite 213

orthodontic records 213–214

failure to review 213–214, 215

overbite (OB) 214–215

overcorrection 214

overjet (OJ) 214–215

periodontal complications 224–231

comprehensive periodontal examination 226–227

gingival hyperplasia 230, 230

inflammatory periodontal diseases 227–229

mucogingival deformities 230–231

periodontal abscess 231–232

treatment planning 225–226

undetected periodontal disease 229

push and pull 215–217, 216
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root resorption 218–221, 219

risk factors 220–221

underbite 221–222

white spot lesion (WSL) 222–224

osteogenesis imperfecta 186

overbite (OB) 214–215

overdenture
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implant‐supported 88

advantages of 89
see also denture complications
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overjet (OJ) 214–215
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management 157, 160
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pericoronitis 29

periodontal abscess 30

during orthodontic treatment 231–232
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periodontal problems

orthodontic therapy complications see orthodontics

pin perforations into periodontal tissues 11, 12

trauma from occlusion 44–46
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inflammation of supporting tissues 45–46

see also periodontitis

periodontal soft tissue grafting 225

see also connective tissue graft

periodontal treatment complications 33–38

bleeding, postoperative 33–34

dental sensitivity 36
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interdental papilla loss 38
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suture abscess 37–38
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plaque see dental plaque
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bonding failures 20–21

lesion depth relationship 21

resin cements associated with 22

infection 34–35, 35, 111

crestal approach sinus lift 169–170

sinus floor bone graft 167

inflammation 34

oroantral fistula 115–117

pain 34–35

prophylactic antibiotics 111, 114–115

sequestrum formation 42

sinusitis 167, 168

tooth mobility 36

trismus 113–114

see also implant complications

prophylactic antibiotics 111, 114–115

prosthodontic complications

aspiration 96–97

fixed prosthodontics 73–76

cantilevers 95–96, 95, 96

crown/fixed prosthesis fallen out 76

crown/fixed prosthesis loose 75–76

fractured metal frames 73–75

fractured porcelain 73, 74, 74, 75

implant prosthodontics 88–94

broken screws 91–93, 92

common complications 89
loose clip/attachment 89

loose screws/crown/prosthesis 91, 91

occlusal complications 93–94

overdenture fracture 89–91, 90

overengineering 93, 93

inspiration 96–97

removable prosthodontics 76, 79–88, 85

broken clasps/frame/rest seats 85–87, 86, 86, 87
combination syndrome (CS) 88, 88
loose clasps 83

missing tooth replacement 87–88, 87

retention loss 83

see also denture complications

xerostomia 94–95

associated drugs 94, 95
associated systemic diseases 94, 94

proximal contact complications 12–14

improper proximal contact and contour 12–13

inadequate finishing and polishing 13

overhanging margins 14

poor registration on moist articulating paper 14

pulp

capping 6

disease prevention 50–51

exposure 6

overheating 21–22

thermal hazard 22

traumatic injury 51, 54–55

regenerative therapy complications 43–44

failure to regenerate the periodontal unit 43–44

insufficient keratinized tissue 44

membrane exposure during regeneration 43, 43

removal prosthodontics see denture complications; 

prosthodontic complications

resin‐modified glass ionomer RMGI 3, 5

pulp capping 6

resistance form 16

primary and secondary factors 17
retention problems 16

post complications 11

primary and secondary factors 17
root canal treatment 55–69, 70

access cavity preparation 55–56, 57

cleaning and shaping 60–61, 61

complications

anterior tooth fractures 66–67

apical perforation 62, 62, 63

coronal leakage 65, 66

coronal microleakage 67–68

file separation 62–64

ledging 62, 62, 63

missed canals 57–58, 58

obturation problems 65–66

post complications 67, 68

posterior tooth fractures 67

systemic issues causing complications 68–69

transportation 62, 63

failure to heal 69
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hypochlorite accident prevention 64–65

inter‐appointment medication 65

length control 58–59, 59, 60

restoration 66

temporization 65

tooth isolation 55

root exposure 231

root fracture 67

during tooth extraction 110–111

post‐related 10

root parallelism 217–218, 218

root resorption 218–221, 219

apical (ARR) 218, 219, 219

biology 219–220

external (ERR) 218–219

internal (IRR) 218

orthodontically‐induced (OIRR) 219

risk factors 220–221

rubber dam 2

clamp instability 1

clamp‐induced damage 1

matrix band placement on same tooth as clamp 1

root canal treatment 55

sandwich technique 21, 21, 22

Schneiderian membrane perforation 165–166,  

168–169

sedation complications 134–136

failure of moderate and deep sedation 135

inhalation sedation 130–134

equipment complications 130–131

inadequate sedation 131–132

metabolic disturbances and 133

nausea and vomiting 132–133

oversedation 133–134

patient monitoring 136, 136

pediatric patients 180–181

unintended loss of consciousness 135–136

see also intravenous access complications

sequestrum formation 42

sinus floor bone graft, lateral approach 164–167

complications 165–167

intraoperative bleeding 166

membrane perforation 165–166

postoperative infection 167

postoperative sinusitis 167, 168

sinus lift

crestal approach 167–170, 169

inadequate primary stability 169

infection 169–170

membrane perforation 168–169

poor patient experience and vertigo 169

open approach 106

see also sinus floor bone graft

sinusitis, postoperative 167, 168

small upper lateral incisors 221, 222

sodium hypochlorite accident prevention 64–65

space maintainer therapy, pediatric patients 178

adverse effects 178, 178

decision tree 179

special needs patients see pediatric dentistry

strip perforation 61, 61

supernumerary teeth 181–182, 182

suppuration, periodontitis 33

surgical complications see oral surgery complications

suture abscess 37–38

Svensen gauge 14

tetracycline‐stained teeth 19

TheraCal liner 6

tongue tie 185

tooth discoloration, post‐related 11

tooth extraction 207, 208

alveolar bone fracture 108–109

emphysema during 111–112

mandibular fracture 109–110

tooth and root fracture 110–111

tooth displacement 105–107

into maxillary sinuses 105–106, 106

into pterygopalatine fossa 106–107, 107

into submandibular/sublingual spaces 107, 108

wrong tooth 110

see also postoperative complications

tooth fracture

during extraction 110–111

root canal‐treated teeth 66–67

anterior teeth 66–67

posterior teeth 67

tooth isolation 55

tooth loss, periodontitis 31–32

tooth mobility

causes 45

occlusal adjustment effect 46

postoperative 36

trauma

from local anesthetic administration 129–130

from occlusion, periodontal complications 44–46

absence of inflammation 44–45

inflammation of supporting tissues 45–46

pediatric patients 191–196

alveolar fracture 196

caries treatment‐associated trauma 176–177, 177

permanent teeth 193–194, 194, 195

root canal treatment (cont’d)
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primary teeth 192, 192, 193
soft tissue trauma 194–195

pulp exposure 51, 54–55

Traxodent paste 2

trismus 113–114

postinjection 120–121

underbite 221–222

vertigo, following sinus lift 169

vomiting, with nitrous oxide sedation 132–133

white spot lesion (WSL) 222–224

whitening treatment 19–20

gingival irritation 20

posttreatment complications 20

sensitivity 19–20

wound dehiscence 36, 37

xerostomia 94–95

associated drugs 94, 95
associated systemic diseases 94, 94

xylitol gum 224
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