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Dental Esthetics in Practice:  Part 4 -  
Overview of Esthetic & Restorative Procedures 

One aspect of clinical dentistry that offers clinicians almost limitless and exciting challenges is esthetic 
dentistry. In a culture where the emphasis on beauty is growing rather than diminishing, patients of all ages, 
races, and genders are apt to ask you, the dental professional, how they can improve their appearance 
by enhancing their smile. Whether the motive is personal improvement or is driven by the belief that 
appearance influences professional success, patients have become aware of their smile, what changes they 
might like to see, and how those alternations might come about.

This is part 4 of a 5-part series called Dental Esthetics in Practice.  This module gives an overview of 
key esthetic and restorative procedures, including tooth whitening, resin bonding, veneers, crown & bridge, 
enamel microabrasion, implants and orthodontics.

Overview
Once the basics of color and shade are understood, it is time to move on to learning about esthetic and 
restorative procedures. From simple cosmetic treatments like tooth whitening to more complex procedures 
like implants, the range of esthetic and restorative procedures is as varied as the patients who require them.

Learning Objectives
Upon the completion of this course, the dental professional will be able to:
• To understand the indications for various esthetic and restorative procedures, including tooth whitening, 

veneers, enamel microabrasion, dental implants and orthodontics.
• To learn the basic techniques for these esthetic and restorative treatments.
• To understand the advantages and disadvantages of these procedures.

Carlos A. Muñoz-Viveros, DDS, MSD; Calogero Dolce, DDS, PhD; 
Robert W. Gerlach, DDS, MPH; Charles J. Goodacre, DDS, MSD; 

Gerry Kugel, DMD, MS, PhD; Shradha Sharma, DDS 
This course is no longer offered for Continuing Education credit.



2

Crest® + Oral-B®
 at dentalcare.com

Course Contents
• Tooth Whitening
• Veneers
• Enamel Microabrasion
• Implant Esthetics
• Orthodontics
• Course Test
• References
• About the Authors

Tooth Whitening
The popularity of tooth whitening seems to have 
no upper limit. In a recent survey of dentists, tooth 
bleaching was reported to be the most common 
topic patients asked about in the dental practice.1 
A separate study conducted online indicates that 
over 20 million adults in the U.S. have had tooth 
whitening, bonding or other cosmetic dental work.2

Whitening treatments can be categorized 
according to their use for vital bleaching, non-vital 
bleaching or control of extrinsic tooth stain.

Vital Bleaching
Products that bleach intrinsic stain, or stain found 
below the tooth surface in the enamel and dentin, 
generally contain hydrogen peroxide or carbamide 
peroxide. The chemistry is similar, since 
carbamide peroxide, or urea peroxide, degrades 
into urea and hydrogen peroxide in the presence 
of water. By weight, carbamide peroxide is one-
third hydrogen peroxide, so a bleaching gel with 
10% carbamide peroxide is equivalent to one that 
contains 3.3% hydrogen peroxide.

Treatment for vital bleaching may either be 
accomplished in office using a professionally-
administered approach, or at home using one 
of the professionally-dispensed or self-directed 
systems.3

• Professionally-administered 
There are several professionally-administered, 
in-office treatments available today. These 
methods involve an application of a 
concentrated hydrogen peroxide gel (typically 
35%-45%) in the office. The hydrogen peroxide 
gel is painted directly on the tooth surface. 
The high concentration of the bleaching agent 
necessitates a rigid adherence to isolation 
techniques to protect the surrounding tissues. 
Use of a rubber dam or light polymerized resin 

is recommended. Many systems involve the 
use of a light (Figure 1), although research 
evaluating the benefit of light is inconclusive. 
Multiple visits may be required. In-office 
procedures may be followed by use of an 
at-home tray system.

Figure 1.  In-office bleaching.
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also available, containing either stock or “boil 
and bite” versions. (Figure 4) 
 
Paint-on products have recently been 
introduced for use during the day or overnight. 
(Figure 5)

The majority of patients are candidates for 
tooth whitening.   Common side effects of 
vital bleaching include minor oral irritation and 
transient tooth sensitivity. Patients should be 
advised of the possibility of these temporary 
effects. The treatment period can be elongated if 
needed to mitigate these side effects.

• Professionally-dispensed 
The two most popular professionally-
dispensed systems are custom trays and 
whitening strips. Introduced nearly two 
decades ago, the so-called “nightguard vital 
bleaching” technique using 10% carbamide 
peroxide in a custom tray was the first widely 
available professional bleaching system.4 
This system involves developing a custom-
fitted tray for the patient in the dental office. 
(Figure 2) 
 
At home, the patient applies a small quantity 
of bleaching gel — usually containing 10-20% 
carbamide peroxide — into the tray. The tray 
can be worn anywhere from 30 minutes at 
a time to overnight. The patient returns to 
the dental office periodically for evaluation 
of progress and, if necessary, dispensing of 
additional gel. Total duration of treatment may 
range from two weeks to several months for 
especially resistant stains. 
 
The introduction of whitening strips (Crest 
Whitestrips) in 2000 marked an innovation 
in whitening.5 This technology uses a flexible 
polyethylene strip to deliver a hydrogen 
peroxide bleaching gel to the anterior 
dentition. (Figure 3) 
 
This trayless delivery system offers 
advantages with respect to controlled peroxide 
dose, contact time, and ease of use compared 
to other delivery systems. Strips are normally 
worn for a 30-minute period twice a day. They 
are available in concentrations ranging from 
6.5%–14% hydrogen peroxide. The bleaching 
period for the professional systems is 21 days. 
There is more published research supporting 
the efficacy and safety of whitening strips than 
any other bleaching system.

• Self-directed 
There has been dramatic growth in self-
directed, or over-the-counter, bleaching 
systems. Over-the-counter (OTC) versions of 
whitening strips are among the most popular 
systems. These OTC whitening strips have 
less whitening potential per kit than the 
professional whitening strips due to differences 
in peroxide concentration and treatment 
duration. Over-the-counter tray systems are 

Figure 2.  Custom tray.

Figure 3.  Maxillary whitening strip  
(Crest Whitestrip).

Figure 4.  Over-the-counter stock trays.
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2. Common chemical agents used for control of 
stain as well as calculus are pyrophosphate 
and sodium hexametaphosphate (Figure 6), 
which derive their whitening benefit from a 
chemical mechanism. These agents have 
a strong binding affinity for tooth minerals, 
such as calcium phosphate in dental enamel 
or dentin. During adsorption to mineral sites, 
they have been shown to desorb portions of 
adsorbed proteins, including pellicle proteins 
containing stain chromogen. The whitening 
benefit increases with the length of the 
molecule. Sodium hexametaphosphate is a 
longer molecule, having a higher molecular 
weight and more binding sites, giving it a 
greater chance of adsorption and retention on 
the tooth surface.

3. The bleaching efficacy of hydrogen peroxide 
has been well established in certain delivery 
systems, such as strips and trays. The 
application of peroxides in dentifrice, however, 
is challenging due to formulation factors and 
shortened treatment times when delivered in a 
dentifrice form.

A variety of other products, including 
toothbrushes, chewing gums, flosses and rinses, 
also claim to control extrinsic stain when used 
as part of a routine oral hygiene. Research 
supporting these product claims should be 
evaluated on a case-by-case basis.

Veneers
Recent public exposure via the media to various 
kinds of esthetic dentistry procedures has 
increased demand for veneers. In past years, full 
coverage restorations were often used to correct 
minor defects or to mask discoloration. However, 
the more conservative concept of veneering teeth 
has been around for some time.

In 1928, Charles Pincus introduced the porcelain 
“Hollywood Bridge.” These veneers were 
fabricated for actors and used only in front of the 
camera. The actors were instructed not to wear 
the veneers while eating since the veneers were 
not bonded. Nine years later, in 1937, Pincus also 
fabricated acrylic veneers. These veneers were 
retained by denture adhesive, but failed because 
there was no adhesion to the teeth.7 In 1955, 
Michael Buonocore introduced enamel etching 
and in 1962, Ray Bowen developed composite 

Non-Vital Bleaching
Non-vital bleaching, or internal bleaching, is 
limited to endodontically treated teeth. The 
bleaching agent, hydrogen peroxide, is placed 
within the coronal portion of the pulp chamber of 
a tooth to chemically oxidize the discoloration. 
This procedure, known as “chair side bleach” or 
“walking bleach,” may be performed in the dental 
office. The bleaching agent is placed inside the 
tooth, left for a period of time, and removed 
before the patient leaves the office. There may be 
single or multiple treatments, depending on the 
level of tooth discoloration.

Extrinsic Whitening
The bleaching treatments described previously 
remove both intrinsic and extrinsic stain. 
Certain products, primarily dentifrices, are used 
exclusively to control extrinsic stain. Whitening 
toothpastes can be particularly beneficial to 
maintain whitening in post-bleaching patients. 
Three classes of ingredients are commonly 
incorporated in oral care products to remove and 
inhibit surface stain: abrasives, chemical agents 
and hydrogen peroxide.6

1. Abrasives are insoluble components added to 
dentifrice formulations and prophylaxis pastes 
to physically remove tooth stain. Substances 
routinely added to modern dentifrices 
include metal oxides (e.g., aluminum oxide), 
mineral salts (e.g., calcium pyrophosphate, 
calcium carbonate, and sodium carbonate), 
precipitated silica and pumice.

Figure 5.  Paint-on whitening product.

Figure 6.  One-third sodium 
hexametaphosphate molecule.
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Contraindications for Veneer Placement Include:
1. Insufficient tooth substrate
2. Labial version
3. Excessive interdental spacing
4. Poor oral hygiene or caries
5. Parafunctional habits (clenching, bruxism)
6. Moderate to severe malposition or crowding

Philosophy of Esthetic Dentistry
• Recolor: The first option is tooth whitening
• Reposition: The second option is orthodontic 

repositioning
• Recontour: The third option is to recontour teeth 

and equilibrate
• Restore: Once the above options have been 

explored, the last option is to restore the teeth 
with veneers or crowns

Advantages of Veneers Include:
• Minimal tooth preparation required
• Stronger and more durable than composite 

veneers
• Alternative to full coverage restoration in case of 

incisal fractures or tooth discoloration
• Color stability

Disadvantages of Veneers Include:
• Potential for over-contouring
• Requires laboratory procedures
• Porcelain enamel margins may be thin and 

difficult to finish
• Brittle margins
• Pitting by acidulated fluoride treatment
• Cannot be repaired easily
• Can be difficult to temporize
• Color cannot be altered substantially after 

placement
• Placement is difficult and time-consuming

Treatment Plan Phase
It is important to confirm the following before 
starting the preparation:

1. Check for contraindications
2. Mount study casts
3. Check posterior occlusion (anterior teeth do not 

function alone)
4. Confirm that there is no protrusive or lateral 

interference
5. Check centric anterior lingual contacts
6. Consider three key elements of esthetics: 

contour, position and color

materials. Dr. F. R. Faunce and Dr. D.R. Myers 
in 1976 tried acrylic veneers luted on etched 
enamel surfaces. In 1983, Dr. Harold Horn etched 
custom porcelain veneers luted to etched enamel 
surfaces.8

With the introduction of composite resin, etching, 
and bonding techniques, minor defects can be 
treated conservatively. While composite veneers 
have improved since their introduction, they still 
have a few drawbacks, such as wear, marginal 
and incisal edge fractures, and discoloration. As 
a result, composites may require more frequent 
replacement than is necessary with porcelain 
veneers.

Porcelain veneers are more stable and have 
better esthetics. If a porcelain veneer is bonded 
with a correct adhesive technique and optimal 
oral hygiene care is maintained, studies have 
shown that the long-term survival rate of veneers 
is very high.9

Types of Veneers
Veneers can be placed directly or indirectly. 
Composites are used for directly placed veneers, 
and a variety of materials can be used for 
indirectly placed veneers. These include:

1. Heat-processed composites (e.g. Cristobal).
2. Conventional powder-slurry ceramic 

(feldspathic porcelain). This type of porcelain 
is layered on the refractory die by the lab 
technician.

3. Heat-pressed ceramic. These products are 
melted at high temperatures and pressed into 
a mold created using the lost-wax technique 
(e.g., IPS Empress 1 and 2 ,OPC).

4. Machineable (CAD/CAM) ceramics (e.g., 
CEREC).

Indications
Veneers are used for functional and cosmetic 
correction of the following conditions:

1. Stained or darkened teeth
2. Hypocalcification
3. Multiple diastemas
4. Peg laterals
5. Chipped teeth
6. Lingual positioned teeth
7. Malposed teeth not requiring orthodontics
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labial surface to achieve the appropriate depth for 
these guide cuts. The finish line of the preparation 
will end supragingivally, approximately 0.5 mm 
incisal to cemento-enamel junction (CEJ). Do not 
place your gingival depth cut so as to cut into the 
cemento enamel junction area.

Always examine study models prior to preparation 
in order to avoid over-reducing areas of the 
tooth that may be rotated lingually. The use of a 
reduction guide is recommended.

When restoring anterior teeth with porcelain 
veneers you must be aware of: incisal edge 
position; lingual contour; labial contour and 
inclination.

Clinical Procedure (Figures 7 & 8)

Visit 1:
1. Impression for study models/bite registration 

record
2. Radiographs/photographs
3. Check contraindications
4. Shade selection

Shade is critical to outcome of the final 
restoration. There are many options to shading 
today.

• Vita Classic Shade Guide
• Vita 3D Master
• Shade selection

Electronic shading has recently been introduced. 
Electronic shading requires that your lab be 
equipped with similar technology. (Figure 9)

Visit 2:
1. Confirm shade selection
2. Preparation

In the early days of veneers, no minimal 
tooth preparation was suggested.8,10,11 More 
recently, dentists have been removing at least 
0.5 mm-0.8 mm enamel. Removal of some 
enamel aids in achieving better bond strength,12,13 
but care must be taken not to remove more than 
0.5 mm-0.8 mm, especially in the proximal and 
cervical areas. Even though dentin adhesives 
have improved dramatically, porcelain bonding 
to enamel is better than porcelain bonding to 
dentin.14

The armamentarium used includes 834/021 depth 
cut bur, 6801/016 round bur and 6856L/018 
tapered bur (Brasseler USA, Savannah, Georgia).

Depth Guide Cuts — With a 834/021, 0.5 mm 
diamond depth cut bur, scribe horizontal depth 
cut grooves on the labial surface of any anterior 
tooth. Extend these grooves from mesial to distal, 
taking care not to damage the adjacent teeth 
that are not being prepared. It may be necessary 
to angle the bur in relation to the contour of the 

Figure 7.  Tooth #7 (above) and tooth #10 
(below) were treatment planned for Empress 
Veneers. The teeth were whitened before 
veneer preparation.

Figure 8.

Figure 9.  Image courtesy of X-Rite’s 
ShadeVision System.
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The path of insertion for veneers is in the labial or 
incisal-labial direction. All undercuts in relation to 
this path must be removed. A silicone reduction 
guide is used in order to check the amount 
of reduction required. The reduction guide is 
designed to evaluate the amount of reduction at 
the incisal, middle third and cervical third of the 
tooth. Use of a reduction guide is particularly 
important when teeth are misaligned. (Figures 12 
& 13)

3. Check contraindications

Final Impression
• Strip contact area using a finishing strip prior 

to impression to improve visualization for lab 
technician.

• A proper tray size should be used.
• Isolate and dry the preparation.
• Syringe polyether or polyvinyl siloxane 

impression material starting at the most distal 
embrasure on one side and work around the 
gingival surfaces of all prepared teeth to the 
most distal embrasure on the other.

• Seat the tray containing the impression 
material and hold in place until set.

• Remove and inspect the impression for details 
and accuracy.

Labial Reduction — Using a 6856L/018 tapered 
diamond, reduce the remaining labial tooth 
structure between the depth cuts. Simultaneously 
create a chamfer ending 0.5 mm incisal to 
the CEJ. This reduction should also extend 
interproximally without breaking through the 
contact areas.

Types of Veneer Preparation
1. Incisal Chamfer Preparation (Interlock 

prep) 
The incisal edge is not reduced in length. 
This type of preparation is done in order to 
preserve the natural guiding palatal surface 
of the tooth, which is important functionally. 
Add an additional space for the incisal 
porcelain by creating a chamfer along 
the facial incisal margin using the tip of 
6856L/018 tapered diamond. (Figure 10)

2. Incisal Butt-Joint Preparation 
Prepare 0.5 mm depth cut grooves in the 
incisal edge with 834/021 diamond. Using 
the 6856/018 diamond remove the remaining 
incisal tooth structure. Then round the 
facial incisal line angle leaving a butt-joint 
margin along the lingual incisal edge. The 
incisal reduction should be 0.5 mm-1.0 mm. 
This type of preparation is done in order to 
increase the length of the tooth. The length 
can be increased from 0.5 to 2mm only.

3. Incisal Lingual Wrap Preparation 
Prepare 0.5 mm depth cuts in the incisal 
surface of tooth. Reduce the incisal surface 
in a manner similar to incisal butt-joint 
preparation. Reduce the mesial incisal 
and the distal incisal corners an additional 
0.5 mm. Then using the 6856/018 bur, 
extend the incisal chamfer to the palatal 
surface. This palatal chamfer should be a 
straight line mesial to distal. All incisal edges 
should be rounded. The lingual chamfer line 
on the wraparound preparation should be 
above or under the centric lingual contacts 
to avoid occlusal contact on the interface 
between porcelain and tooth structure. 
Contact should be either all on porcelain or 
on tooth structure. The incisal wrap prep is 
a popular option for several reasons. It can 
be used in most patients, easily fabricated 
by the technician and easily handled by the 
dentist due to positive seating on delivery. 
(Figure 11)

Figure 10.  #6 Incisal Chamfer Preparation 
(Interlock Prep), #7 Incisal Butt-Joint Preparation, 
#8 Incisal Lingual Wrap Preparation, #9 Depth Cut.

Figure 11.  Tooth #7 Incisal Lingual Wrap 
Preparation.
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• When fabricating a provisional for a peg 
lateral or any single tooth veneer, a free-hand 
composite veneer is recommended.

• To maintain good periodontal health, the 
patient is told to irrigate the marginal area 
with a chlorhexidine rinse using an endodontic 
irrigating syringe.

Visit 3: Veneer Cementation
1. Try-In/Shade Selection

• Use flour of pumice to clean all prepared 
tooth surfaces and wash thoroughly.

• Isolate and dry the teeth.
• Moisten the veneers with water and place 

them carefully on the prepared teeth to 
check fit and shade.

• Try-in paste can be used behind facings to 
check shades.

• If color adjustment is needed, select 
appropriate shade of try-in paste, apply to 
veneer, seat, and examine for color and fit.

• Clean the veneers by rinsing with water.
• The veneers generally come etched with 

hydrofluoric acid. Therefore a 30-second 
application of 37% phosphoric acid is used 
only for cleaning, not for etching.

• Rinse with water and dry.
2. Cementation

• Apply silane to the etched porcelain surface 
for 60 seconds and air-dry. Always confirm 
that your silane is not expired.

• Pumice and wash the tooth preparation dry 
and isolate the teeth.

• When cementing multiple veneers, you 
must always start closest to the midline and 
work distally.

• Veneers are luted two at a time starting with 
the central incisors and continuing distally.

• Isolate the preparation interproximally with 
thin Mylar strips.

• Etch the preparation in the usual manner 
and dry the area.

• Apply enamel/dentin-bonding system 
according to the manufacturer’s instructions. 
Light cure the tooth prior to seating the 
veneer.

• Apply unfilled resin (e.g., Single Bond, 3M/
ESPE) to the tooth surface and inside of the 
laminate veneer. Do not cure this layer at 
this time.

• Apply composite-resin luting cement to the 
veneer and place the veneer onto the tooth 

Laboratory Instructions
A detailed prescription is written to the laboratory 
technicians.
• Temporization
• The impression is usually taken prior to 

temporization.
• During the period a patient is in provisional 

veneers there is a likelihood of postoperative 
sensitivity. Therefore application of a 
desensitizer is recommended before the 
fabrication of the provisionals in order to 
reduce the sensitivity.

• Different techniques are used to fabricate 
provisional veneers. We recommend using a 
silicone putty impression material shell in order 
to fabricate temps, since it reproduces the wax 
up or study models very accurately.

• A bis-acrylic temp material with the required 
shade is used. The provisional is not removed 
but is rather “locked in” as a result of 
shrinkage. The provisionals are then finished 
and polished. Evaluation of tooth reduction 
is confirmed by examining the temp for thin 
areas. Although it is unlikely to occur while 
using the reduction guide, it is sometimes 
necessary to re-prep under-reduced areas. If 
this does occur, then you must reimpress and 
retemp the prepared teeth.

Figure 12.

Figure 13.



9

Crest® + Oral-B®
 at dentalcare.com

• Check occlusion in all excursions and 
adjust as needed.

Enamel Microabrasion
Disturbances during the formation of the inorganic 
components of the teeth can result in the 
formation of discolored areas on all or part of the 
enamel surfaces. These disturbances are a form 
of dysmineralization formed by a failure of the 
outer enamel surfaces to calcify properly. The 
net result can be the appearance of hypocalcified 
(white) spots or varying shades of brown 
discoloration, commonly found with fluorosis. 
(Figure 17)

Deep, internal discolorations are more 
complicated to treat than those that form on the 
external surface. In some instances, placement of 
esthetic composite resin restorations or porcelain 
veneers on otherwise healthy teeth can produce 
beautiful esthetic results. However, restorations 
are no substitute for healthy tooth structure, 
especially when those restorations must be 
placed adjacent to gingival tissue. Unfortunately, 
many of these cases simply do not respond well 
to conservative methods such as tooth whitening 
(bleaching). (Figures 18 & 19)

in an inciso-gingival direction. Remove 
excess material gently with a resin-coated 
brush. Make sure that cement is visible at 
all the margins to avoid any voids.

• Hold the veneer and check the gingival 
margin for proper seating. Then, for each 
of the four regions (gingival, mesial, lingual-
incisal and distal) remove any additional 
excess. Light-cure the gingival margins first 
for 10 seconds, mesial, incisal and distal. 
After curing these four areas, cure for 60 
seconds through the facial surface. Light-
cure each area and margin of the veneer 
for 30 seconds (longer for thicker or more 
opaque veneers, or darker shades). (Check 
manufacturers’ recommendations for curing 
time.) (Figures 14, 15 and 16)

3. Finishing
• Remove gross excess using sharp hand 

instruments — CL carver or perio scaler.
• Using fine and extra fine diamond finishing 

burs, remove excess resin gingivally and 
inciso-lingually.

• Finish the proximals using fine strips.
• Proceed to the next placement.
• Use porcelain polishing paste to regain 

a smooth porcelain surface whenever 
necessary.

Figure 14.  Post-veneer cementation. Figure 15.  #7 Post-veneer cementation.

Figure 16.  #10 Post-veneer cementation. Figure 17.  A 15-year-old girl with generalized 
white and brown enamel decalcifications.
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rubber cup or hard plastic applicator mounted 
on a 10:1 gear-reduction contra-angle of a 
slow-speed handpiece. The rotary action of 
the handpiece increases the penetration of the 
acid and facilitates removal of any dissolved 
enamel and debris. Several applications, ranging 
from five to 60 seconds, are generally required 
to complete the process but manufacturers’ 
instructions vary. Moderate to firm pressure is 
used when applying the paste.

To protect the gingival tissues from the acid, a 
rubber dam is placed to isolate the teeth to be 
treated. Care must also be taken to protect the 
patient’s face from any splatter, and especially 
the eyes, with a protective glass.

After each application of the abrasive paste 
or gel, the teeth are rinsed and the results are 
best observed while the teeth are still wet. After 
removal of the affected enamel, a four-minute 
treatment with a neutral sodium fluoride gel is 
recommended. To assess the amount of enamel 
reduction, periodically view the treated teeth from 
the incisal aspect with a mouth mirror during the 
procedure. If the teeth begin to look flat or even 
concave, then stop and consider an alternative 
procedure, such as the placement of composite 
resin restorations.

Following the microabrasion procedure, 
several authors have reported that a glasslike 
sheen develops on the surface of the treated 
teeth.17 This surface reportedly is able to resist 
dissolution better than untreated surfaces when 
challenged by acid attacks.18

Macroabrasion
An alternative or adjunctive technique for the 
removal of localized discolored enamel defects 
is to use a fine 12-fluted carbide bur or diamond 
finishing instrument.19 This form of treatment 
is commonly known as macroabrasion. In this 
instance, the cutting surface of the bur is applied 
to the tooth surface with light, intermittent 
pressure accompanied by an air-water spray. 
The water spray is intended to prevent 
potentially damaging heat formation, which might 
potentially injure the delicate pulpal tissues. 
Once the discoloration has been eliminated, 
the surface of the treated areas is polished with 
a fine diamond bur or a diamond-impregnated 
rubber polishing cup.

In contrast, when the discoloration is limited to the 
outermost layers of the enamel, microabrasion 
can serve as a conservative approach to the 
elimination of such discolorations. As the term 
implies, microabrasion is the abrasion of a stained 
or defective area by some physical method.15,16

Microabrasion Technique
The most common technique used in dentistry 
involves hydrochloric acid mixed with pumice or 
silicon carbide particles in a water-soluble gel or 
paste. The mixture is applied to and scrubbed 
on the enamel surface. The hydrochloric acid 
and mechanical rubbing combine to dissolve 
and abrade the superficial enamel. Original 
formulations used 18% hydrochloric acid 
combined with laboratory pumice. In today’s 
commercial products, the hydrochloric acid 
concentration ranges from 6% to 11%.

The acid-pumice mixture can be carried to the 
affected surface via a wooden applicator, or a 

Figure 18.  Same patient one week after 
enamel microabrasion. Tooth #8 had a 
superficial enamel decalcifications and was 
successfully treated, while Tooth #9 had a very 
deep decalcifications that will eventually require 
a conservative composite resin restoration.

Figure 19.  Tooth #23 was successfully treated 
with a microabrasion. The deeper discoloration 
in tooth #25 will require a conservative 
composite resin restoration.
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However, it should be remembered that short 
implants (7–10 millimeters) have higher failure 
rates than longer implants. Recently, implants 
that are shorter than 7 millimeters have 
been introduced for use when the available 
bone dimensions are very limited but there is 
currently a lack of long-term clinical data from 
a broad range of practitioners. 
 
In the maxilla, 7 millimeters of bone height 
is sufficient to accommodate short implants. 
However, the use of 7–10 mm long implants 
is a greater concern in the maxilla than the 
mandible because the implant failure rate is 
higher in the maxilla. Therefore, 13 mm is the 
recommended minimum occlusocervical bone 
dimension in the maxilla. 
 
Interarch Space 
Occasionally, there may be excessive vertical 
bone height that limits the space available for 
ideal prosthesis fabrication. There needs to be 
adequate space available into which a crown 
or prosthesis can be placed that possesses 
the required esthetic and structural forms. 
The distance from the occlusal plane to the 
edentulous mucosa at the crest of the ridge 
should meet the following criteria:
° For anterior single crowns, there should 

be adequate space present between the 
opposing tooth and the implant to permit 
fabrication of a crown. Since many maxillary 
anterior crowns are not aligned with the 
long axis of the implant, an intermediary 
abutment is required to create an angulation 
change between that of the implant and 
the desired facial angulation of the crown. 
There needs to be sufficient space between 
the abutment and the opposing teeth for 
the type of restoration being fabricated. 
(Figures 20A, 20B, 21) One millimeter 
is the recommended minimal space for 
metal ceramic and all-ceramic crowns. If a 
maxillary anterior metal ceramic crown will 
be fabricated with metal forming the lingual 
occluding surface, less than one millimeter 
of space may be adequate.

° 3-4 millimeters of minimum vertical space is 
required for structural integrity in posterior 
single crowns and fixed partial dentures. 
However, dimensions greater than 3-4 mm 
are required to achieve an esthetic result. 
(Figures 22A, 22B) In the presence of 

To accelerate the removal of discoloration, a 
combination of microabrasion and macroabrasion, 
followed by conventional home whitening therapy, 
should be considered.

Conclusion
Whether microabrasion is used alone or in 
combination with macroabrasion, both procedures 
have widespread applications in dentistry. Enamel 
microabrasion is a permanent and durable 
treatment modality by which enamel defects can 
be removed permanently. In contrast, at-home 
whitening products are more likely to produce 
fairly durable but temporary changes. The teeth 
will eventually return to their original color, unless 
patients apply periodic touch-up treatments at 
home on a regular basis.

Implant Esthetics
Dental implants offer patients a means to 
replace one tooth or multiple teeth in a way that 
meets functional and esthetic needs.   There 
are several factors that can affect the esthetic 
result achieved with single crowns, fixed partial 
dentures, and complete arch prostheses attached 
to root form implants. The following categories of 
esthetic complications have been identified:
1. Environmental morphology
2. Surgical and soft tissue healing protocol
3. Implant location
4. Crown/prosthesis form and type of abutment
5. Facial esthetics
6. Prosthesis discoloration

1. Environmental Morphology
Environmental morphology is affected by the 
amount of available bone (bone volume) and 
its form and location; the amount of soft tissue 
present coupled with its type, form, and location; 
and the coronal morphology of the natural teeth.

• Bone volume, form and location 
Occlusocervical Dimension 
The occlusocervical height of the residual 
ridge should be sufficient to accommodate 
the shortest implants (7 millimeters). In the 
posterior mandible, at least 2 millimeters 
of additional bone is required to maintain 
a safe distance from the inferior alveolar 
canal. Therefore, the minimal occlusocervical 
bone height in the posterior mandible is 
9 millimeters whereas 7 millimeters is the 
minimal dimension in the anterior mandible. 
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is located lingual to the desired position for 
the teeth. This relationship places the implants 
lingual to the facial surfaces of fixed partial 
dentures, creating esthetic challenges in the 
cervical aspect of the prostheses. (Figure 25) 
In addition, there is often a flared form to 
the residual bone that may prevent implants 
from being ideally aligned with each other.20 

minimal space, it may not be possible to 
produce the best esthetic result in terms of 
morphology and depth of color/translucency 
in porcelain. All-metal crowns/prostheses 
may be required when minimal space 
conditions are present. (Figures 23A, 23B)

° The distance from the occlusal plane to 
the implants is important when planning 
complete arch implant prostheses (fixed 
complete dentures and overdentures) and 
a determination of the occlusal vertical 
dimension must be made using the 
established methods (closed speaking 
space, resting vertical dimension vs. 
occlusal vertical dimension, esthetics, 
phonetics, and facial contours). There 
should be 10–12 millimeters of vertical 
space for complete arch prostheses made 
for edentulous patients (fixed complete 
dentures or overdentures). (Figures 
24A, 24B) The minimum space required 
for overdentures is about 8 millimeters 
(includes retentive mechanism and 
overlying resin base). When a bar is used 
as the retentive mechanism, this dimension 
includes a 2 mm space between the bar 
and soft tissue for oral hygiene access. 

 Faciolingual Dimension 
The required faciolingual bone thickness is 
related to the diameter of the implant being 
placed. Since 3.25 mm diameter implants are 
the smallest available, the bone thickness 
must be sufficient to accommodate an implant 
of this dimension. It is generally felt that 6 
millimeters of faciolingual dimension is the 
minimal thickness into which 3.25 and 4 mm 
diameter implants can be placed. Larger 
diameter implants (5 and 6 mm) require 
minimal faciolingual bone dimensions of 7 and 
8 mm, respectively. These minimal dimensions 
make implant placement very critical in order 
to avoid bone fenestration/dehiscence during 
placement of the implant. It should also be 
noted that minimal faciolingual dimensions do 
not permit changing the implant angulation 
in the bone since the existing faciolingual 
angulation of the bone determines the long-
axis orientation of the implant. 
 
Bone Form After Resorption 
In the anterior maxilla, bone resorption usually 
produces an edentulous ridge where the bone 

Figure 20A.  There is plenty of space between 
the prefabricated abutment and the opposing 
tooth for placement of a metal ceramic crown 
with an esthetic thickness of porcelain overlying 
the metal casting. The implant was placed so 
it was centered mesiodistally in the available 
space between the adjacent teeth.

Figure 20B.  A metal ceramic crown has been 
cemented over the prefabricated abutment.

Figure 21.  A custom metal abutment has been 
fabricated so there will be sufficient space for 
porcelain over the facial surface and the lingual 
occluding surface.
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Figure 22A.  A single implant has been placed 
with an appropriate distance between the top 
of the implant and the occlusal surface, thereby 
permitting the replication of an acceptable 
crown form. (Courtesy of Dr. Thomas Kepic)

Figure 23A.  A situation where there is only 4 
millimeters of space between the implant and 
the opening of the occlusal surface. (Courtesy 
of Dr. Guillermo Bernal)

Figure 24A.  A complete arch fixed prosthesis 
(fixed complete denture) has been attached 
with screws to five mandibular implants. This 
type of prosthesis requires at least 10-12 
millimeters of vertical space for a metal 
framework which cervical access spaces for 
oral hygiene and the overlying pink denture 
base resin and prosthetic teeth.

Figure 22B.  The completed metal ceramic 
crown has been attached to the implant.

Figure 23B.  The limited distance does 
not allow space for a structurally adequate 
thickness of metal and also an esthetic 
thickness of porcelain. An all-metal prosthesis 
will be fabricated. (Courtesy of Dr. Guillermo 
Bernal)

Figure 24B.  An implant overdenture requires a 
minimum of 8 millimeters of space. There must 
be about a 2 millimeter space below the bar for 
oral hygiene access and the bar must possess 
sufficient dimensions to be rigid. Additionally, 
there must be space for the retentive 
mechanism that will attach to the bars as well 
as the denture base resin and prosthetic teeth.
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(Figure 26) With facially inclined implants, 
the internal implant threads used to attach 
other components to the implants flare 
away from each other, requiring the use of 
prefabricated angled abutments or custom 
abutments so prostheses can simultaneously 
attach to all the flared implants. This 
process often requires increased time and 
associated laboratory costs. In addition to the 
fabrications challenges, there may be esthetic 
and phonetic challenges with the overlying 
prostheses. The implant alignment may 
also make it difficult to avoid open cervical 
embrasures with single crowns (Figures 27A, 
27B) or the units of a fixed partial denture. 
(Figure 28) 
 
Bone Grafting/Distraction Osteogenesis 
When there is a deficiency in the 
occlusocervical bone dimension, the 
faciolingual dimension, or the bone form, it 
may be necessary to enhance the existing 

Figure 25.  The maxillary residual ridge 
resorbed lingually necessitating lingual 
placement of the implants. Therefore, the 
cervical aspect of the maxillary fixed partial 
dentures projects facially from the implants 
to the required cervical form that might be 
unacceptable if it were visible during smiling.

Figure 26.  The form of the resorbed maxillary 
bone has a facially flared inclination that 
caused the implants to be positioned in a flared 
non-parallel relationship to each other.

Figure 27A.  The maxillary lateral incisor 
implant was placed into the form of the 
resorbed bone.

Figure 27B.  The bone form contributed to the 
open cervical embrasure.

Figure 28.  The maxillary three-unit fixed partial 
denture has some open cervical embrasure 
due to the bone form that was located lingual to 
the ideal position.
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at the same height as adjacent or contralateral 
natural teeth, interdental papillae may not 
possess the most desirable form or height 
(Figure 30B), and recession of the soft tissue 
may lead to crown length variations and/or 
exposed metal. (Figures 32A, 32B) 
 
When bone is present at the proper height 
interproximally, the soft tissue will usually fill 
cervical embrasure spaces. (Figures 33A, 33B) 
The distance from the soft tissue crest to the 

bone morphology through bone grafting or the 
use of distraction osteogenesis.

• Soft Tissue Volume, Form, Type, and 
Location 
Achieving ideal soft tissue form and interdental 
papilla height can be a challenge when placing 
implants into highly visible edentulous areas. 
Interdental dark spaces may be present 
(Figures 29, 30A, 30B), the marginal tissue 
may be thicker than the gingival margin present 
around adjacent teeth (Figure 31), the apical 
location of the soft tissue margin may not be 

Figure 29.  The interdental papilla does not 
quite fill the cervical embrasure space on the 
mesial surface of the lateral incisor single crown.

Figure 31.  The peri-implant mucosa covering 
the facial aspect of the maxillary lateral incisor 
implant is thicker than the gingiva covering the 
adjacent natural teeth.

Figure 32A.  Following healing of this one-stage 
dental implant, it was located below the crest of 
the peri-implant mucosa.

Figure 32B.  Several years after crown 
placement, the soft tissue receded and exposed 
the cervical metal of the crown and the incisal 
aspect of the implant.

Figure 30A.  Two implants have been placed 
in positions of the congenitally maxillary lateral 
incisors.

Figure 30B.  Following cementation of the 
crowns, the interdental papillae do not possess 
the required height and form and therefore they 
failed to fill the cervical embrasure spaces.
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and also the distance from the gingival margin 
to the bone on the natural teeth adjacent to 
the implants.22 The measurements from the 
proximal bone to the crest of the peri-implant 
mucosa were 5–7 millimeters most of the time. 
When the distance between the bone and the 
desired interproximal height of the soft tissue 
adjacent to implants is greater than 5–7 mm, 
there will likely be dark cervical embrasure 
spaces adjacent to the implants. The 
measurements between the mid-facial soft 
tissue crest and the facial bone of implants 
was usually in the 3–4 millimeter range. When 
the distance between the mid-facial bone and 
the desired facial location of the soft tissue 
is greater than 3–4 millimeters, it is not likely 
that the soft tissue will be located at the 
desired position on the facial surface of the 
implant restoration. This information is helpful 
in determining the likelihood of interdental 
papillae filling the cervical embrasures 
adjacent to implant prostheses and the facial 
soft tissue being located at the desired apical 
position. 
 
The effect of the periodontal biotype (thick 
versus thin soft tissue) on the peri-implant 
mucosa has also been assessed.22 Individuals 
with thick mucosa had greater distances 
between the underlying bone and the margin 
of the peri-implant mucosa than patients 
with thin mucosa. As a result of this data, 
the authors propose that papillae adjacent to 
implants can seldom be recreated when the 
distance is more than 4 millimeters between 
the bone crest and the desired height of the 
interdental papillae when treating patients with 
thin peri-implant mucosa.

• Natural Tooth Crown Morphology 
When the facial crown outline form of natural 
teeth is triangular as opposed to being square, 
there is a much greater difference between the 
height of the interdental papilla and the mid-
facial gingival crest. (Figures 34A & 34B) This 
relationship produces a gingival architecture 
that is quite scalloped in form. The underlying 
bone follows the gingival morphology. As 
a result, esthetic challenges are magnified 
following the loss of teeth in patients with 
highly scalloped soft tissue. The bone 
remodeling associated with post-extraction 
healing results in recontouring of the relatively 

bone is important in maintaining the presence 
of papillae between natural teeth and implants. 
One study21 evaluated 52 anterior maxillary 
papillae in 26 patients to determine the effect 
of the proximal bone crest on the presence 
or absence of papillae between an implant 
and an adjacent tooth. A papilla was present 
100% of the time when the distance from the 
proximal contact to the bone was 5 millimeters 
or less. The papilla was only present 50% of 
the time when the distance from the contact 
point to the bone was equal to or greater than 
6 millimeters. 
 
Measurements have also been made of the 
distance from the soft tissue crest to the 
underlying bone crest adjacent to implants 

Figure 33A.  The interproximal bone is within 
5 millimeters or less of the proximal contact 
location with the adjacent teeth. (Courtesy of  
Dr. Joseph Kan)

Figure 33B.  Following placement of the central 
incisor crown on the implant abutment, the soft 
tissue filled cervical embrasures because of the 
favorable bone-to-proximal contact distance. 
(Courtesy of Dr. Joseph Kan)
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tall interproximal bone and that often leads to 
open cervical embrasure spaces.  
 
Additionally, teeth that are triangular in form 
are more often associated with thin, delicate 
gingiva that is more susceptible to recession.

2. Surgical & Soft Tissue Healing Protocol
When placing single dental implants, the use 
of a conventional surgical flap that includes the 
interdental papillae has been compared with 
a modified design that did not sever the two 
interdental papillae.23 The modified flap design 
preserved at least 1 millimeter of the papillae 
adjacent to the natural teeth. A reduction in 
crestal bone loss was noted and this enhanced 
bone preservation could improve the esthetic 
result achieved.

The longer the area has been edentulous, the 
more likely there will be a soft tissue discrepancy 
due to bone resorption and concomitant changes 
in the soft tissue contour. Therefore, it is generally 
felt that emphasis should be placed on retaining 
soft tissue form rather than restoring lost tissue. 
Methods of retaining soft tissue form and location 
include immediate implant placement and 
immediate placement of a provisional restoration 
when these procedures are indicated.

Immediate implant placement and 
provisionalization following extraction of a tooth 
has shown successful results in the maxillary 
esthetic zone and papillae have been preserved.24 
It has been judged to be most predictable when 
the distance from the free gingival crest to the 
osseous crest is 3 millimeters on the facial 
surface of the tooth to be extracted and 4.5 
millimeters on the interproximal surfaces of the 
adjacent teeth since greater measurements will 
likely produce deficits in the soft tissue esthetics.

A technique has been reported whereby the 
papilla can be retained between adjacent 
single implants.25 This inter-implant papilla 
preservation involves alternate immediate 
implant placement and provisionalization, one 
following the bone integration period of the other. 
The process involves extracting one of the two 
teeth, immediately placing the implant, and 
then attaching a provisional restoration with the 
desired profile as it emerges from the soft tissue. 

Figure 34A.  A maxillary lateral incisor with a 
triangular form that resulted in a substantial 
difference between the height of the interdental 
papillae and the mid-facial location of the 
gingival crest. The distance is greater than 
one-half of the incisocervical crown dimension. 
Should a tooth like this require extraction, it is 
not likely that the soft tissue will fill the cervical 
embrasure spaces.

Figure 34A.  A maxillary central incisor with a 
square form that results in less scalloping of the 
gingival and a smaller difference between the 
height of the interdental papillae and the mid-
facial location of the gingival crest. If a tooth 
of this shape needed to be extracted and was 
replaced with an implant it is more likely that 
the cervical embrasures would be filled with soft 
tissue.
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produce a crown with a deficient cervical 
contour (Figures 36A, 36B) or a crown where 
porcelain must overlap the facial soft tissue to 
create the desired cervical crown morphology. 
(Figures 37A, 37B) Overlapping the soft 
tissue makes oral hygiene more difficult, and 
it presents an esthetic liability should the soft 
tissue position recede apically. 
 
When an implant is placed lingual to the 
faciolingual center of the adjacent teeth, it may 
be necessary to have the crown substantially 
overlap the facial soft tissue (like it occurs 
with certain fixed partial denture pontics) to 
achieve a normal cervical form. Alternately, 
a horizontally submerged ovate form (similar 
to an ovate pontic) can be developed that 
supports the soft tissue in a more esthetic 
fashion. (Figures 38A, 38B, 38C) 
 
Placing an implant too far facially creates 
serious esthetic challenges that often cannot 
be overcome. (Figures 39A, 39B) The implant 
may have to be removed, bone fill allowed 
to occur, and another implant subsequently 
placed in a more favorable position. 
 

In this way, the soft tissue around the implant is 
preserved in its normal location. After six months, 
the procedure is repeated for the adjacent tooth, 
thereby preserving the inter-implant papilla.

It is important to make impressions for implants 
that record the existing position of the peri-implant 
mucosa so crowns and fixed partial dentures 
can be fabricated with forms that support or 
enhance the soft tissue form. It is also important 
to make the impressions after all healing has 
occurred so there will be no additional mucosal 
changes that negatively affect the esthetic result 
after a restoration has been fabricated or placed. 
The amount of soft tissue recession that occurs 
following abutment connection surgery has been 
measured in a one-year prospective study.26 The 
authors indicate about 1 millimeter of recession 
can generally be expected following abutment 
connection surgery. Since most of the recession 
occurred within the first three months, the authors 
proposed waiting three months after abutment 
connection surgery before making the definitive 
impression.

3. Implant Location
Proper incisocervical, occlusocervical, and 
faciolingual positioning of implants promotes 
the development of restoration contours that 
transition from the round form of the implant 
to the desired tooth form. These transitional 
contours allow the artificial replacement to posses 
a normal profile when it emerges from the soft 
tissue. Proper implant positioning also promotes 
the development of normal soft tissue form and 
location.

• Location For Single Crowns 
The implant should be centered mesiodistally 
in the edentulous space for esthetic reasons. 
(Figure 20A) Centering the implant facilitates 
the development of normal proximal 
emergence profile, permits better morphologic 
replication of the contralateral tooth, and 
prevents the replacement tooth from appearing 
tilted in the arch. (Figures 35A, 35B) 
 
Faciolingually, the implant should be located 
at the center of the edentulous space or be 
located slightly to the facial. A position slightly 
to the facial can sometimes be advantageous 
when the existing bone dimensions permit 
(Figure 20A) since centering the implant may 

Figure 35A.  The maxillary central incisor 
implant was placed too far mesially.

Figure 35B.  Even with create shaping, the 
central incisor crown appears to be tilted in the 
arch.
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Figure 36A.  The maxillary second premolar 
implant was centered faciolingually in the 
edentulous ridge. Sometimes this location is a 
result of the facial ridge resorption that occurs 
following tooth extraction and other times it is a 
result of less than optimal surgical placement.

Figure 37A.  The maxillary premolar implant 
was placed lingual to the faciolingual center of 
the adjacent teeth.

Figure 38A.  A maxillary canine crown has 
been fabricated with an ovate form to mold the 
soft tissue in a facial direction so an acceptable 
esthetic result can be achieved. The crown 
has been attached to an implant analog for the 
picture. (Courtesy of Dr. Roy Yanase)

Figure 38B.  ANote the lingual position of the 
implant and the soft tissue form created by the 
cerbical shape of the metal ceramic crown. 
(Courtesy of Dr. Roy Yanase)

Figure 36B.  Because of the centered position 
of the implant, the crown is under contoured 
relative the cervical form of the adjacent 
natural teeth.

Figure 37B.  The lingual position of the implant 
required the facial porcelain to overlap the soft 
tissue much like the pontic of a fixed partial 
denture overlaps the edentulous ridge mucosa. 
The overlapping of the soft tissue produces 
an acceptable esthetic result but creates an 
oral hygiene challenges and would produce 
an esthetic liability if the mucosa ever recedes 
apically.
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The incisocervical/occlusocervical location 
of the implant is largely determined by the 
location of existing bone since the top of 
the implant is surgically located at about 
the level of the bone or slightly apical to the 
bone crest. The incisocervical/occlusocervical 
location is also determined by the esthetic 
need to transition from the round form 
and smaller diameter of the implant to the 
larger diameter of the crown that needs to 
possess a specific cross-sectional geometric 
form. Typically, implants have been placed 
apical to the cementoenamel junction of 
adjacent natural teeth to permit the required 
changes in morphology to occur somewhat 
gradually. Initially, it was recommended that 
implants located in the esthetic zone be 
placed 4 millimeters or more apical to the 
cementoenamel junctions of adjacent teeth.27 
However, this location places the implants 
far below the bony crest and bone healing 
subsequent to implant placement can then 
produce interproximal bone form changes 
that negatively affect the soft tissue height 
and may prevent the soft tissue from filling 
cervical embrasure spaces. Therefore, when 
the adjacent bone level is located at a normal 
incisocervical level, a distance of about 2 
mm apical to the cementoenamel junction of 
adjacent teeth is recommended. (Figure 40) 
 
In the anterior maxilla, it is often necessary 
to fabricate custom abutments to create an 
angular transition between the long axis 
alignment of the implant and that desired for 
the crown. When this need is present, it is 
important that the implant(s) be positioned 
incisocervically so a custom metal abutment 
can be used and it will be not visible. 
Alternately, ceramic abutments may be needed 
to provide an acceptable soft tissue color. 
 
It should be remembered that the existing 
bone morphology may prevent implants from 
being placed in the desired locations, and bone 
grafting or distraction osteogenesis may be 
required before acceptable implant positioning 
can be achieved.

• Location For Fixed Partial Dentures 
When multiple implants are placed into the 
esthetic zone for the support and retention of 

Figure 38C.  The peri-implant mucosa was 
molded to the ovate form of the crown and an 
acceptable esthetic result acheived. (Courtesy 
of Dr. Roy Yanase)

Figure 39A.  The maxillary central incisor 
implant was placed too far facially.

Figure 39B.  The resulting central incisor crown 
has substantial deficiencies in its cervical shape.

Figure 40.  The maxillary lateral incisor implant 
has been placed about 2 millimeters below the 
cementoenamel junction on the adjacednt cental 
incisor. (Cortesy of Dr. Oliver Hanisch)
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As with single crowns, it should be 
remembered that the existing bone 
morphology may prevent implants from being 
placed in the desired locations and bone 
grafting or distraction osteogenesis may be 
required before acceptable implant positioning 
can be achieved. Additionally, when bone 
grafting or distraction is not employed or 
cannot create the desired result, it may 
be necessary to recreate the missing soft 
tissues through the use of gingivally-colored 
ceramic materials at the cervical aspect of the 
prosthesis. 
 
The mesiodistal distance between adjacent 
implants can affect the presence of an 
interdental papilla. When radiographic 
measurements of crestal bone loss were 
made in 36 patients who had two adjacent 
implants, the average crestal bone loss 
between implants with more than 3 millimeters 
of separation was 0.45 millimeters.28 When the 
implants were separated by 3 millimeters or 
less, the average crestal bone loss was 1.04 
millimeters. Therefore, it has been proposed 
that 3 millimeters or more of bone should 
be retained between adjacent implants to 
minimize crestal bone loss, particularly in 
esthetic zones.

fixed partial dentures, the implants should be 
mesiodistally located so they will be centered 
beneath the individual units of the prosthesis. 
When the implants are not centered beneath 
the prosthesis units, the cervical crown forms 
and embrasures will not appear normal in 
form. Should this abnormal form be visible 
during talking or smiling, there will be an 
esthetic liability. (Figures 41A, 41B) 
 
Faciolingually, the implants should be located 
at the center of the edentulous space or 
slightly to the facial when the existing bone 
dimensions permit. Centering the implants 
may produce prosthesis with deficient cervical 
contours, or it may be necessary to have 
porcelain overlap the facial soft tissue to 
create the desired cervical morphology. As 
stated with single crowns, overlapping the soft 
tissue makes oral hygiene more difficult, and 
it presents an esthetic liability should the soft 
tissue position recede apically. 
 
When the implants are placed lingual to the 
faciolingual center of adjacent teeth, the 
prosthesis units may have to overlap the 
facial soft tissue (like occurs with natural tooth 
fixed partial denture pontics) to achieve a 
normal cervical form. Alternately, a horizontally 
submerged ovate form (similar to an ovate 
pontic) can be developed that supports the 
soft tissue in a more esthetic fashion. 
 
For biomechanical reasons, implants are 
sometimes placed in a slightly staggered 
(offset) relationship to one another. The facial 
or lingual offset of one implant improves the 
capacity of the prosthesis to resist faciolingual 
forces. This type of alignment is more often 
used with posterior prostheses where the 
leverage forces are greater and the esthetic 
challenges are less critical. However, offset 
implants should still be contained without the 
normal peripheral contours of the overlying 
units of the prosthesis. 
 
Placing the implants too far facially creates 
serious esthetic challenges that may result 
in the need to remove one or more of the 
implants, allow bone fill to occur, and then 
subsequently place the implants in a more 
favorable location. 
 

Figure 41A.  The four maxillary implants have not 
been centered beneath the coronal morphology 
of the fixed partial denture that will be fabricated.

Figure 41B.  The fixed partial denture 
fabrication was challenging and there are 
esthetic deficiencies.
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• Location For Complete Arch Prostheses 
Implants that support/retain overdentures are 
commonly located in the canine and premolar 
areas of the mouth and they should be centered 
beneath the prosthetic teeth or slightly lingual 
to the center of the prosthetic teeth. When 
the implants are located anterior to the teeth 
(Figures 42A, 42B) or substantially posterior to 
the teeth, the denture base has to be enlarged 
to encompass the implant and retentive 
mechanism. The enlarged base dimensions 
prolong the time it takes for a patient to adapt 
to the new prosthesis and can make the 
adaptation challenging. 
 
There is another negative aspect of placing 
implants too far facially or lingually. With 
malaligned implants, efforts are commonly 
made to reduce the amount of resin base 
overcontouring, and this process frequently 
leaves only thin areas of resin over the retentive 
mechanisms. The thin resin is more prone to 
fracture. 
 
With fixed complete dentures (complete 
arch prostheses affixed to multiple implants 
with screws), the implants should be placed 
beneath the desired locations for the prosthetic 
teeth. (Figure 24A) These locations permit 
the development of a normal prosthesis form 
with cervical contours that support the facial 
soft tissues and appear appropriately esthetic. 
The long axes of the implants should ideally 
be aligned with each other and the long axes 
should emerge through the lingual aspect of 
the anterior denture teeth and the occlusal 
surfaces of posterior teeth. These locations 
permit the screw access holes (required to affix 
the prosthesis to the implants) to be located in 
areas where they have minimal impact on the 
esthetic result, and the holes can be filled with 
esthetically colored composite resin fillings that 
have a minimal impact on the esthetics of the 
denture teeth. For biomechanical reasons, the 
implants should also be placed in accordance 
with the desired arch curvature so there is at 
least a 10 millimeter anteroposterior dimension 
to the curved alignment of the implants.  
(Figure 43)

4. Crown/Prosthesis Forum & Type of Abutment
It is important for a single crown or the units of 
a fixed partial denture to emerge from the peri-

Figure 42A.  One of the implants for the 
mandibular overdenture was not centered within 
the perimeter of the prothesis base. Therefore, 
the denture base had to be substantially 
distorted in order to encompass the implant.

Figure 42B.  When the overdenture is seated 
in the mouth, there is significant prominance 
where the implant is located and the retentive 
device is visible through the denture base.

Figure 43.  A diagram showing the 
recommended 10 millimeters of antero-posterior 
dimension to the curved alignment of the 
implants for a fixed complete denture. This 
dimension coupled with a curved alignment 
permits the implants to properly support the 
prosthesis and resist the occlusal forces 
created when chewing occurs on the posterior 
cantilevered sections of the prosthesis.
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have forms that support the facial soft tissues and 
yet permit access for oral hygiene procedures.

5. Facial Esthetics

• Facial Support 
Fixed partial dentures that attach to implants 
must support the lip in the same manner 
as that required of prostheses attaching to 
natural teeth. With completely edentulous 
patients, the prosthetic teeth and base must 
appropriately support the facial soft tissues 
in accordance with the criteria used for 
conventional complete dentures. The clinical 
and laboratory steps required to locate the most 
appropriate prosthetic tooth positions are the 
same as that used with conventional complete 
dentures (esthetics, tooth-lip relationships, 
phonetics, anatomic landmarks, occlusal vertical 
dimension, and muscular neutrality (neutral 
zone)). 
 
One of the deficiencies that can occur with 
fixed complete dentures is a lack of adequate 
support for the facial soft tissues since the 
cervical aspect of the prosthesis does not have 
border extensions similar to that of a complete 
denture. To provide proper facial support, a 
more substantial denture base may be needed, 
necessitating the use of an implant overdenture 
as opposed to a fixed complete denture. 

• Smile Line 
It is important to determine how much of 
the teeth and soft tissue are visible during a 
maximal smile. As with conventional single 
crowns and fixed partial dentures, the display 
of significant amounts of soft tissue increases 
the esthetic difficulty of implant single crowns 
and implant fixed partial dentures. With fixed 
complete dentures, patients may smile in a 
manner that the border of the prosthesis would 
be visible, producing an undesirable esthetic 
result and necessitating the use of an implant 
overdenture.

6. Prosthesis Discoloration
With complete arch implant prostheses for 
edentulous patients, the retentive mechanisms for 
overdentures and the underlying metal frameworks 
for fixed complete dentures can be visible through 
the denture base resin, producing an undesirable 

implant mucosa with a form that replicates 
that of the missing natural tooth/teeth and also 
provides an environment for optimization of the 
soft tissue form. When the implant is located 
below the margins of the peri-implant mucosa, 
the crowns can be shaped so they emerge from 
the soft tissue with the desired diameter and 
circumferential form. The peri-implant mucosa 
will mold itself to the form created by the crown 
or fixed partial denture unit. If the interproximal 
bone is of sufficient height (5 mm apical to the 
proximal contact when there is thick soft tissue 
present and 4 mm apical to the contact when the 
soft tissue is thin), the soft tissue will also fill the 
cervical embrasure space.

When the peri-implant mucosa will not fill the 
cervical embrasure space, the cervical crown 
contours may have to be increased (greater 
lateral flaring of the crown) to reduce the dark 
cervical embrasure space. The use of gingival-
colored ceramics may also be needed to close 
the cervical embrasure space and simulate the 
missing soft tissue.

When the implant is only slightly below the soft 
tissue margin and the tissue height is therefore 
minimal, the transition of the restoration from 
the round diameter of the implant to the form 
of a natural tooth is more challenging and must 
occur over a shorter distance, requiring a greater 
transitional angle (greater lateral flaring) to be 
developed in the cervical aspect of the crown. 
Another challenge related to an implant being 
located close to the soft tissue crest is the 
potential for visibility of any cervical metal present 
in the crown where it attaches to the implant.

In the anterior maxilla, it is often necessary to 
fabricate custom abutments to create an angular 
transition between the long axis alignment of the 
implant and that desired for the crown. When this 
need is present, it is important that the implant(s) 
be positioned incisocervically so a custom metal 
abutment can be used and it will be not visible. 
Alternately, ceramic abutments may be needed 
to provide an acceptable soft tissue color when 
a metal abutment would be visible through the 
mucosa.

The base of implant overdentures and the 
cervical aspect of fixed complete dentures must 
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The metal visibility through the resin and the 
discoloration from leakage can be reduced or 
eliminated by bonding an opaque resin to the 
metal framework of a fixed complete denture 
or the reinforcing meshwork of an overdenture 
before the denture base resin is processed to the 
prosthesis.

Orthodontics
Orthodontics is the branch of dentistry 
concerned with the prevention and correction of 
malocclusions. Appliances for aligning teeth go 
as far back as the Egyptians. However, formal 
texts about orthodontics began appearing in the 
mid-1800s. Published in 1879, Norman Kingsley’s 
A Treatise on Oral Deformities as a Branch of 
Mechanical Surgery was one of the first textbooks 
that dealt with orthodontics. Kingsley introduced 
extra-oral force to move teeth.

However, it was Edward H. Angle who first 
declared orthodontics a specialty. He founded 
the American Association of Orthodontists 
(AAO) and started the first independent school 
of orthodontics. In addition, he originated the 
classification of malocclusions.30 In the early 
years, the goals of orthodontic treatment were 
to attain ideal occlusion without the extraction of 
teeth. Angle believed that if the teeth were placed 
in ideal position, good facial esthetics would 
result. Angle opposed the extraction of teeth; 
consequently all of his cases were treated non-
extraction.

As time went on, and with the introduction of 
cephalometrics, a number of orthodontists 
emphasized the importance of the relationship 
between the teeth and bones as well as soft 
tissues. In the 1930s, controversy erupted when 
Calvin S. Case advocated the use of extraction 
in treatment.31 Case also recommended the use 
of retainers to maintain the achieved results. 
More recently, implant supported anchorage 
provides the opportunity to make dental changes 
not previously possible. (Figure 45) Finally, in 
conjunction with oral and maxillofacial surgery, 
skeletal problems in adults can be treated to 
provide optimum occlusal relationships and facial 
esthetics.

Need for Orthodontic Treatment
Orthodontic need and demand varies with social 

esthetic result. Ideally, the retentive mechanism 
for overdentures should be positioned so it cannot 
be seen through the visible portion of the denture 
base, does not interfere with proper positioning of 
prosthetic teeth, and does not excessively enlarge 
the denture base

Because of the potential for implant overdentures 
to fracture under occlusal loading when the bases 
are relatively thin, metal reinforcing meshworks are 
sometimes used. These meshworks can discolor 
the prosthesis, and one study of maxillary implant 
overdentures noted that three patients did not 
like the esthetic result achieved in the prosthesis 
because the base metal reinforcing meshwork  
cast a gray color through the resin base.29

The same type of discoloration can occur from 
the metal framework of a fixed complete denture 
discoloring the overlying pink denture base resin. 
(Figures 44A, 44B) Also, leakage between the 
denture base resin and metal over time can  
create staining.

Figure 44A.  A maxillary fixed complete 
denture where the metal framework can be 
seen through the prosthesis during the wax trial 
placement appointment.

Figure 44B.  Following processing of the 
resin, the metal framework produced a grayish 
discoloration of the overlying pink denture base 
resin.
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treatment (e.g., cardiovascular disease due to 
need for SBE coverage, nonsteroidals that inhibit 
prostoglandins, diabetes). Patients should be 
asked if they have any cardiovascular problems 
that require pre-medication before any dental 
procedure. In general, there are few drugs that 
may complicate treatment, including Dilantin and 
bisphosphonates. Antiepileptic drugs such as 
Dilantin may produce gingival hyperplasia, which 
may slow down tooth movement. Although the 
mechanism of action of bisphophonates is not 
fully understood, these drugs tend to slow down 
bone turnover; consequently, teeth may move 
very slowly. A young patient taking Ritalin for 
Attention Deficit Hyperactivity Disorder (ADHD) 
may have social-behavioral problems and 
consequently compliance may be a problem. 
Some reports also suggest that Ritalin affects 
growth rates. Patients with growth disorders 
and growth manipulation should be considered 
potential problem patients. Lastly, any allergies 
should be noted. The most common allergies that 
may complicate treatment are to nickel, since it 
is found in most wires, and latex, which is found 
in some elastic material. As with any condition, it 
should be followed up with the patient’s physician.

Dental History
One should inquire if the parents received 
orthodontic treatment, and if so, what the nature 
of their problem was. There are some indications 
that there are genetic influences in many dental 
and occlusal characteristics, especially missing 
and displaced teeth.35 It is important to ask if the 
patient is receiving regular dental care. This might 
reveal the family awareness of dental heath. 
A question should be asked about whether the 
patient ever had any traumatic injury involving the 
teeth or jaws. Trauma to permanent teeth may 
produce devitalization and/or ankylosis, in which 
case the tooth will not move or will be subject to 
resorption or asymmetric facial growth if condylar 
morphology has not been restored by remodeling 
or the mandible cannot translate.

Facial/Dental Photographs
Standard orthodontic photographs include two 
frontal views of the face — one with lips at rest 
and another while the patient is smiling. A lateral 
view of the face is also taken. Five intraoral views 
are taken: occlusal views of the upper and lower 
arch and a frontal right lateral and left lateral view 
while occluding. Frontal and profile views of the 

and cultural conditions,32 sex, race, orthodontic 
status, socioeconomic status, and availability of 
specialist treatment services.33 Wheeler et al.33 
observed orthodontic need to be less in black 
(35.3%) than in white children (47.2%) and 
demand in the higher socioeconomic groups 
greater (11.7%) than in the lower groups (1.8%). 
Findings from the National Health and Nutrition 
Examination Survey (NHANES III) show the 
average overbite to be 2.9 mm, with 8% of the 
population having severe overjet of 6 mm or 
more. Excessive overjet has been associated with 
increased risk of incisor injury.34

Orthodontic Diagnosis
Orthodontic diagnosis begins with the elucidation 
of the patient chief complaint. Typical orthodontic 
records include a medical history, oral exam, 
facial and intraoral photographs, study casts, a 
panoramic and a lateral cephalogram head film 
supplemented by intraoral views as needed. Most 
of these are now in the digital format, including 
the casts. In addition to their diagnostic value, the 
pre-treatment records are used as a baseline to 
evaluate treatment results.

Medical History
Typically there are only a few conditions that 
would prevent a person from receiving orthodontic 

Figure 45.  A retromolar implant is being used 
to distalize the first molar in order to alleviate 
the premolar crowding.
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patient’s face provide identification of problems in 
the primary planes of space. A frontal view of the 
face provides a general outline of the face as well 
as transverse proportions.

Ideal facial symmetry in the transverse dimension 
is depicted in Figure 46 but is seldom a 
reality since all patients have some degree of 
asymmetry. Asymmetries should be noted on 
the transverse facial examination as well as 
deviations of the nose or chin from the facial 
midline. (Figure 47) If large deviations from 
normal are noted, this may be indicative of 
an underlying developmental abnormality and 
should be documented with a pa cephalometric 
radiograph.

A profile view of the face provides antero-posterior 
discrepancies of the maxilla and mandible. A 
slightly convex or Class I profile indicates a 
balance between the maxilla and mandible. 
(Figure 48) Discrepancies between the two jaws 
can produce a convex profile indicating a skeletal 
Class II jaw relationship (Figure 49) or a straight 
to concave profile indicating a skeletal Class III 
jaw relationship. (Figure 50)

Ideal facial proportions in the vertical dimension 
can be determined by the profile view and are 
depicted in Figure 51. Typically the face is divided 
into equal thirds: the upper third is the forehead; 
the middle third is the area between the bridge 
of the nose and the base of the nose; and the 
lower third runs from the base of the nose to the 
undersurface of the chin. Within the lower face, 
the ratio of upper lip to lower lip should equal 1:2. 
Facial assessments are made with the patient 
at rest and in full smile. At rest, a patient will be 
lip competent (have lips naturally touching) or 
have a small amount of maxillary incisal display 
and no gingival display. Decreased interlabial 
gap is found with vertical maxillary deficiency or 
anatomically long upper lip (natural change with 
aging, especially in males). Increases in interlabial 
gap are seen with anatomic short upper lip or 
vertical maxillary excess. This becomes obvious 
upon full smiling. Ideally, a patient will have full 
maxillary incisal display with up to 2-3 mm of 
gingival display above the gingival margin of the 
maxillary incisors. Additional gingival display, often 
referred to as a “gummy smile” is a condition that 
detracts from facial esthetics. (Figure 52)

Figure 46.  The width of the base of the nose 
approximates the inter innercanthal distance. 
The width of the mouth approximates the 
distance between irises. Vertical lines dividing 
the face at the inner and outer canthus 
divide the face into balanced thirds that are 
symmetric around the facial midline.

Figure 47.  Asymmetries should be noted on 
the transverse facial examination as well as 
deviations of the nose or chin from the facial 
midline.

Figure 48.  A profile view of the face provides 
antero-posterior discrepancies of the maxilla 
and mandible. A slightly convex or Class I 
profile indicates a balance between the maxilla 
and mandilble.
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(and centric relation if there is a CR-CO 
discrepancy) so that the models are properly 
oriented. The impressions are poured in stone 
and trimmed with the bite registration in place. 
An alternative to stone models is digital models. 
The alginate impressions are sent to various 
companies (OrthoCAD or Emodels) who scan 
the impressions and produce a digital image. 
From these models, the orthodontist will validate 
occlusal characteristics from the intraoral 
examination, tooth size and available space.

Oral Exam
This includes a) level of oral hygiene; b) the 
opening, closing, and translation function of jaw 
and range of motion and temporomandibular joint 
as well as pain or tenderness of the muscles of 
mastication; c) the health of the teeth and of the 
supporting tissues; and d) the intra and tetrarch 
relationship of the teeth and the teeth to the 
bones in both the antero-posterior, transverse and 
vertical planes.

Study Models (Figure 53)
Good alginate impressions are obtained of 
the upper and lower arch. A bite registration is 
taken with the occlusion in centric occlusion 

Figure 49.  Skeletal Class II Jaw Relationship.

Figure 51.  Ideal facial proportions in the 
vertical dimension.

Figure 52.  “Gummy Smile.”

Figure 50.  Skeletal Class III Jaw Relationship.
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Increments are sometimes added to this 
classification in an attempt to quantify the severity 
of the relationship by approximating the fraction 
of a cuspal width. Typical classifications are 
one half cusp class III and etc. In the mixed 
dentition, one half cusp class II (flush terminal 
plane) is normal since as the primary molars are 
replaced by the permanent premolars, which 
have a smaller mesio-distal dimension, the 
extra space allows the permanent mandibular 
first molars to drift anteriorly to reach a class I 
relationship. Overjet is measured as the distance 
between the facial surface of the mandibular 
incisor and the maxillary incisor and typically 
measures 1-3 mm. Excessive overjet and a class 

Analysis of Occlusion
The occlusion is evaluated in the three planes 
of space: antero-posterior; transverse; and 
vertical. Many methods have been devised to 
record malocclusion.36 Probably the most used 
comprehensive method is the Ackerman and 
Proffit method, which evaluates the malocclusion 
in the three traditional planes of space as well 
as arch perimeter and alignment and facial 
proportions and esthetics. However, Angle’s 
classification of malocclusion is by far the most 
commonly used for the molars and incisors and 
can be generally descriptive for categorizing of 
malocclusion. A sagittal evaluation of the dentition 
focuses on the molar Angle classification and the 
amount of overjet. Angle’s molar classification is 
based on the relationship of the first molars as 
follows:

A) Class I or Neutrocclusion — The mesiobuccal 
cusp of the permanent maxillary first molar 
approximates the groove between the buccal 
cusps of the permanent mandibular first molar. 
(Figure 54) This type of malocclusion is by far 
the most common.

B) Class II Division 1 or Distoclusion — The 
maxillary mesiobuccal cusp falls forward to  
the buccal groove of the mandibular molar. 
(Figure 55) If the malocclusion is unilateral,  
the term subdivision is used (i.e., Class II, 
Division 1, Subdivision).

C) Class II Division 2 — The molar relationship 
is Class II, however the upper central incisors 
are retroclined, the upper laterals are proclined 
and there is increased incisal overbite.  
(Figure 56)

D) Class III or Mesioclusion — The maxillary 
mesiobuccal cusp falls distal to the buccal 
groove of the mandibular molar. (Figure 57) 
This type of malocclusion is least common 
(1-2%) in whites. However, it is more common 
is Asians.

Figure 53.  Study Models.

Figure 54.  Class I or Neutrocclusion.

Figure 55.  Class II Division 1 or Distocclusion.

Figure 56.  Class II Division 2.

Figure 57.  Class III or Mesiocclusion.
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II molar are indicative of a class II skeletal and 
dental relationship whereas an anterior crossbite 
(negative overjet) combined with class III molars 
are indicative of a class III skeletal and dental 
relationship.

Vertical evaluation (Figure 58) of the dentition 
focuses on overbite or the amount of overlap 
of the incisors and is usually expressed as 
percent. Ideal overlap is 10-30%. Anterior open 
bite (no overlap of the incisors vertically) can be 
indicative of habits such as thumb sucking or of 
a more serious skeletal imbalance. (Figure 59) 
On the contrary, deep bites (overbite 80-100%) 
are found in developing malocclusions and the 
patient may actually be impinging on their palate 
with the mandibular incisors causing the palate 
to become irritated. This may be serious to the 
point of causing periodontal concerns on the 
lingual aspect of the corresponding maxillary 
incisors. Many times a patient presenting with 
deep bite will have accompanying pronounced 
Curve of Spee, decreased lower facial height, 
with or without an associated sagittal component 
of excessive overjet, all of which are indicative of 
potential severe problems. Determining whether 
the problem of deep bite is caused by extrusion 
of the maxillary anterior teeth or a deep curve of 
Spee is important in planning treatment.

Transverse evaluation of the dentition focuses 
on midline (Figure 60) discrepancies and 
posterior crossbites. (Figure 61 and 62) A midline 
discrepancy, in the absence of any mandibular 
shifts, is typically due to unequal crowding in 
each quadrant. Alternatively, a mandibular shift 
due to a posterior crossbite will produce a midline 
shift. This condition is typically treated early 
to eliminate the potential for soft tissue facial 
asymmetry, improve space, simplify diagnosis 
and reduce attrition of anterior teeth. Another 
consideration in the development of a diagnosis is 
the examination of the maxillary and mandibular 
arches for crowding and overall position of teeth. 
In the primary dentition, the best indicator of 
potential crowding is the lack of spaces between 
the primary teeth.

The threshold for noticing a discrepancy 
varies among lay people, general dentists 
and orthodontists.37 Although all three groups 
were able to distinguish a 2 mm incisor crown 

Figure 58.  Vertical evaluation of the dentition 
focuses on overbite.

Figure 59.  Anterior Open Bite.

Figure 60.  Midline Discrepancies.

Figure 61.  Posterior Crossbites.
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tube. The distance of 60 inches from the anode 
to the median sagittal plane of the patient’s head 
is standard. Because of the distance between 
the patient’s head and film, there is usually 
approximately 8-10% magnification of the image 
on the film. A translucent plastic sheet of acetate 
paper is placed on the film and skeletal structures 
are identified and measured, or the image is 
digitized and the points stored for analysis.

Cephalometric Analysis
One of the first cephalometric analyses to be 
developed was the Downs analysis.38 This 
analysis was based on facial and skeletal 
proportions of 25 untreated adolescent 
Caucasians because of their ideal dental 
occlusion. Since then many other analyses 
have been developed. Cephalometrics provides 
information about the maxilla to the cranial base; 
the mandible to the cranial base; the maxilla to 
the mandible; vertical skeletal relationships; lip 
protrusion and vertical facial proportions; and the 
teeth to the underlying jaws and their interarch 
relationships. The radiographic information 
together with study casts and the clinical 
examination indicate to the practitioner what type 
of occlusal correction is necessary.

Goals of Orthodontic Treatment
According to Roth, orthodontic treatment goals 
can be divided into five categories:39 facial 
esthetics, dental esthetics, functional occlusion, 
periodontal health, and stability. There is no one 
standard that can be used to determine ideal 
facial esthetics. Current desirable characteristics 
among Caucasians include a slightly convex 
profile, nasolabial angle of 90-110º and some 
circumoral prominence, a symmetrical face, lip 
closure without stain, 1-2 mm of visible gingiva on 
smile, and high cheekbones.

Dental esthetics are captured by Andrews’ “six 
keys” class I occlusion.40 This includes adequate 
tip and torque on teeth, no rotations, crowding 
or spacing, as well as central and lateral incisors 
with flat incisal edges and a pointed cusp tip 
on the canine. Vertically, the central incisor and 
canine are at the same level and the lateral 
incisor is 1 mm shorter. The gingival margins 
should be symmetrical on the anterior teeth. 
Recently the esthetics of the smile indicate that 
buccal corridors (the dark space between the 

angulation, only orthodontists found that a 4 mm 
midline discrepancy was anesthetic whereas 
general dentists and lay people where unable 
to detect it. In general, orthodontists are able to 
detect smaller discrepancies than lay people and 
general dentists.

Panoramic Radiograph
The panorex provides information on the number 
of teeth present, eruption problems, root form 
and length, quality of alveolar bone and other 
pathological conditions.

Lateral Cephalometric Head Film
Cephalometrics is the study of the measurements 
of the head with relation to specific reference 
points, used for evaluation of facial growth and 
development and treatment including soft-tissue 
profile. Cephalometric roentgenographs enable 
the orthodontist to determine craniofacial and 
dentofacial relationships. Lateral cephalograms 
(Figure 63) are obtained by positioning the 
patient’s head so that the median sagittal plane 
of the head is parallel to the plane of the film and 
perpendicular to the central ray of the radiation 

Figure 62.  Posterior Crossbites.

Figure 63.  Lateral Cephalograms.
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The final phase represents tissue turnover, which 
allows reduction of the applied strain terminating 
in tooth movement and appliance deactivation. 
Bone resorption is dominant in pressure areas, 
and bone formation is dominant in areas of 
tension. The length of each phase is partially 
dependent on the amount of force applied. If 
excessive forces are applied, the root approaches 
the alveolar wall effectively to reduce vasculature 
to the area. As a result, a cell-free zone or 
hyalinized area is formed. The hyalinized tissue 
must be removed for tooth movement to occur. 
This occurs by a process termed undermining 
resorption, where osteoclasts present within 
the adjacent bone marrow spaces begin bone 
resorption on the underside opposite the cell free 
area. This lag phase can last from several days 
to several weeks. The use of light forces can 
minimize the appearance of hyalinized tissue.

An acute inflammatory response is typically 
present in the early phase of orthodontic tooth 
movement. Cytokines, which are secreted by 
mononuclear cells, are chemical mediators that 
may interact directly or indirectly with bone cells. 
Cytokines, such as IL-1, can evoke the synthesis 
and secretion of numerous substances, including 
prostaglandins (PG’s) or a variety of growth 
factors. Prostaglandins have been shown to 
stimulate bone resorption and increase the rate 
during orthodontic tooth movement.41

Categories of Orthodontic Treatment

A. Preventive
Preventive orthodontics focuses on the 
elimination of factors, which if left uncorrected, 
would make the current malocclusion more 
difficult to treat. A prime example of preventive 
treatment involves space maintenance from 
premature loss of teeth. Depending on the clinical 
situation, several techniques can be used to 
maintain space:

Band and Loop Space Maintainer — This 
appliance is typically used to maintain the 
space when a primary first or second molar 
is lost prior to the eruption of the permanent 
incisor. It consists of a band and a wire loop to 
maintain the space. (Figure 64) It can be used 
in either the maxillary or mandibular arch. Space 
maintenance for the primary second molar before 

dentition and the corners of the lips) should be 
modest or reduced, and the arch of the smile 
(first premolar to first premolar) is most esthetic 
when following the curvature of the lower lip upon 
smiling.

In a functional occlusion, the following criteria 
should be met: centric occlusion (CO) that 
coincides with centric relation (CR), cusps that 
are interdigitated, equal magnitude of posterior 
forces present, cuspid guidance in lateral 
excursions,   and anterior guidance with 
posterior disclosure on protrusion.   

Periodontal goals include adequate alveolar bone 
support without dehiscences or fenestrations, 
good gingival crest height, no pocketing or 
inflammation of the attachment apparatus, 
adequate thickness of the attached gingiva, no 
frenum pulls, and optimum crown-root ratios 
(JCO).39

Most orthodontic cases exhibit some form of 
change or settling once the braces are removed. 
These changes are due to a rebounding of 
tissues and continued facial growth. Unwanted 
changes in the occlusion can be minimized 
by avoiding overexpansion of the mandibular 
arch, overcorrecting rotations, flattening 
interproximal contacts and eliminating undesirable 
neuromuscular habits. Stability in the occlusion 
can be maximized by adequate retention.

The Biology of Orthodontic Tooth Movement
Orthodontic tooth movement is composed of three 
phases: initial tipping, lag phase and progressive 
tooth movement. Initial tipping occurs when a 
force (tipping) is applied to a crown of a tooth. 
The periodontal ligament (PDL) is compressed 
near the alveolar marginal on the side toward 
which the tooth is moved. On the opposite side, 
the PDL is widened or is under tension. The 
amount of tipping is dependent on the PDL 
width, root length, anatomical configuration, force 
magnitude and periodontal health.41

The lag phase represents a delay in movement, 
which reflects recruitment of cells and the 
establishment of a microenvironment that will 
allow the PDL and bone to remodel. This is 
when osteoclasts are recruited to the area and 
osteoblasts are activated.
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molar bands. (Figure 65) Anteriorly, the wire rests 
on the lingual surface of the incisors.

Nance Space Maintainer — (Figure 66) This is 
the maxillary version of the lingual arch. The wire 
in this appliance is attached to the molar bands 
and approximates the anterior palate. An acrylic 
button on the palatal portion of the wire provides 
resistance to anterior movement. The appliance 
is tolerated well, but soft tissue irritation can be a 
problem.

Elimination of Deleterious Oral Habits
This other form of preventive orthodontics 
includes the elimination of thumb and finger 
sucking. Digit sucking is a common in activity in 
children. If the activity stops before the eruption 
of the permanent dentition, there are no occlusal 
problems. If the activity persists, the effects on 
occlusal development are variable and range 
from posterior crossbite to an anterior open 
bite. Typically a habit “crib” appliance is used to 
interfere with finger position and usually causes 
cessation of the habit.

B. Interceptive Orthodontics
Interceptive orthodontics involves guiding 
dental and facial development and is typically 
attempted in the mixed dentition or very early in 
the permanent dentition. For space problems, 
some lost space can be regained using fixed 
or removable appliances to reposition teeth to 
their original positions. This is usually limited to 
approximately 3 mm per posterior quadrant. For 
routine space shortage problems, interceptive 
treatment is not indicated. Some patients have 
dramatic space shortages due to a general lack 
of space or space loss. When this amounts to 
more than approximately 5 mm, extraction of 
permanent teeth must be considered. When the 
crowding approaches 10 mm per arch, serial 
extraction can be attempted.

In addition to the crowding, there should be a 
Class I relationship and all the teeth present 
should be in good condition. The classical serial 
extraction procedure involves the extraction of 
the primary canines, which produces alignment 
of the incisors. Then the primary first molars are 
extracted, encouraging the early eruption of the 
permanent first premolars. Finally the permanent 
first premolars are extracted before the eruption 

eruption of the permanent first molar is uniquely 
accomplished by the distal shoe.

Lingual Arch Space Maintainer — This appliance 
is typically used in the mandibular arch when 
bilateral space maintenance is required after 
eruption of the permanent incisors. The lingual 
arch can be removable or fixed if soldered to the 

Figure 64.  Band and Loop Space Maintainer.

Figure 65.  Lingual Arch Space Maintainer.

Figure 66.  Nance Space Maintainer.
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early headgear and functional appliances can 
make changes in the skeletal positions, but these 
changes are just as effective if produced in the 
late mixed dentition.42 Therefore, this type of 
treatment is probably best suited for those with 
esthetic complaints or increased risk of trauma 
to the anterior teeth. Early correction of class 
III problems due to maxillary retrusion is also a 
possibility in moderate cases when treated prior 
to age 10. Unfortunately, early treatment for 
mandibular protrusion is not recommended.

C. Corrective Orthodontics
Corrective orthodontics is the use of full 
orthodontic appliances in the permanent dentition 
to treat a malocclusion in either adolescents or 
adults. Typical corrections in AP plane include 
class I,  class II,  and class III malocclusion.  
Other types of correction include closing an open 
bite  or expanding the maxillary arch to correct a 
crossbite.  Sometimes when there is crowding, 
teeth are extracted.

Recent advances in orthodontic therapy have 
focused on designing new appliances that fulfill 
the patient’s esthetic demands. Plastic and 
ceramic brackets were introduced in the 1970s 
and late 1980s, respectively, offering improved 
esthetics over traditional metal brackets. However, 
these bonded appliances still require metal 
wires and clear ligatures, which tend to discolor 
over time. Many patients choose to whiten their 
teeth after orthodontic treatment with a bonded 
appliance as the tooth color may become uneven 
during the course of the treatment.

In 1998, Align Technology, Inc. (San Jose, CA) 
invented the most recent esthetic orthodontic 
appliance system, called Invisalign®. This system 

of the canines. During serial extraction sequence, 
the patient must be monitored so as to avoid loss 
of space and the teeth erupt in proper alignment.

The correction of anterior or posterior crossbite 
is another form of guiding dental development. 
Crossbites can be of a single tooth or many teeth. 
A single tooth anterior cross bite can occur due 
to trauma, a retained primary tooth or crowding. 
If enough space is present, it is relatively easy 
to correct. Any appliance that applies a force 
to the lingual surface of the tooth can be used. 
One effective appliance is an acrylic removable 
appliance with a finger spring. Another is limited 
bonding and banding of the affected and adjacent 
teeth. An anterior crossbite involving more than 
one tooth is typically indicative of more severe 
problems. In this case, a determination must be 
made if the patient slides the mandible forward 
from initial contact to full closure. Then one is 
dealing with a pseudo Class III malocclusion. On 
the other hand, if there is the absence of a slide 
on closure, then one may be dealing with a true 
skeletal Class III malocclusion. Both of the cases 
are best treated with full orthodontic appliances.

Whenever a posterior crossbite is present, where 
it is a single tooth or many teeth, one has to 
examine for mandibular lateral shifts on closure. 
Single-tooth crossbites are typically corrected 
with a crossbite elastic, w-arch or a quad-helix. A 
w-arch or quad-helix can also be used to correct 
crossbites where multiple teeth are involved and 
the cause is skeletal or dental in young children. 
Posterior crossbites in the near or adolescent 
age groups are typically corrected using a 
rapid or slow palatal expander (RPE or SPE). 
(Figure 67) Most of these appliances consist of a 
midline screw or spring, which is attached to the 
molars and premolars. The appliance is typically 
activated twice (RPE) or once per day (SPE) 
and produces force, causing the opening of the 
midline suture.

Perhaps the greatest challenge in interceptive 
orthodontics is the early correction of skeletal 
disharmonies. By far the most common 
problem is the correction of a skeletal class II 
malocclusion. Typically these patients present 
with a class II molar relationship due to a 
retrognathic mandible or a prognathic maxilla. 
The goal with these skeletal problems is to 
redirect the growth of the offending jaw. Using 

Figure 67.  Rapid or Slow Palatal Expander.
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usually well accepted by the patients. The tooth 
positioner appliance can be used for minor 
detailing of the occlusion as well as retainer. 
Cooperation is difficult since these appliances are 
bulky and unesthetic.

An alternative to the removable retainer is the 
direct-bonded lingual retainers often referred to 
as permanent retainers. These are typically used 
when rotations are present in the mandibular 
anterior teeth or if a diastema is present in the 
maxillary arch. Patient acceptance of the bonded 
retainers is excellent. The patient appreciates 
that the stability of the treatment result does not 
depend upon their cooperation, as is the case 
with removable retainers. However, increased oral 
hygiene measures need to be implemented since 
they are a food trap.

Tissue Considerations and Oral Hygiene 
During Orthodontic Treatment
Oral hygiene is of paramount importance during 
orthodontic treatment. The role of dental plaque 
accumulation in the development of dental caries 
and periodontal diseases is well documented. 
While orthodontic appliances do not cause dental 
caries, they provide increased possibilities for the 
retention of food debris. The unwanted effects of 
enamel decalcification and gingival inflammation 
can be prevented if good hygiene is followed. 
Maintaining good oral hygiene is difficult since 
bands, brackets, ligature wires, and elastics 
encourage accumulation of microbial flora and 
food residues. Various toothbrush devices, 
chemotherapeutic rinses and other home care 
products are available to help the patient achieve 
the desired level of oral hygiene.

uses computer-aided scanning and imaging 
techniques to manufacture a series of custom 
made, clear, removable appliances to sequentially 
move teeth. These appliances (called aligners) 
are made from a 0.030” clear plastic that adapts 
to the anatomy of the teeth, and extends to 
the gingival margin. Each aligner incorporates 
a small amount of tooth movement to some 
or all of the teeth within the arch (according 
to the projected stages of tooth movement), 
allowing for a maximum displacement of 0.15 
to 0.25 mm per tooth. The number of stages 
necessary to complete the treatment dictates 
the number of aligners per patient; generally, a 
mild malocclusion will require fewer aligners than 
one that is more severe. Ideally, each aligner 
is worn 20-22 hours per day for two weeks and 
is removed only for eating and oral hygiene 
procedures.

Retainers
Once the malocclusion is corrected and the 
braces are removed, stability is a major concern 
of orthodontics. Retainers are appliances that 
are worn full- or part-time to hold the teeth 
and prevent them from drifting or moving after 
treatment has been completed. Retainers are 
generally removable, but not always. Cooperation 
in prescribed retainer wear is very important in 
maintaining the results of orthodontic treatment 
after braces are removed. The Hawley-
type retainers are preferred by most of the 
orthodontists for retention. They seem to be 
suitable and well-adapted by the patients in the 
aspect of speech articulation. Clear or Essix 
are another type of retainer, which are vacuum-
formed. These plastic devices are esthetic and 
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Course Test Preview
To receive Continuing Education credit for this course, you must complete the online test.  Please go to 
www.dentalcare.com and find this course in the Continuing Education section. 

1. Non-vital bleaching, or internal bleaching, is limited to endodontically treated teeth.
a. True
b. False

2. Which of the ingredients below is commonly incorporated in oral care products to remove 
and inhibit surface stain?
a. Chemical agents
b. Abrasives
c. Hydrogen peroxide
d. All of the above

3. Porcelain veneers may require more frequent replacement than is necessary with 
composites.
a. True
b. False

4. Veneers are used for functional and cosmetic correction of which of the following 
conditions?
a. Hypocalcification
b. Multiple diastemas
c. Both of the above
d. Neither of the above

5. When cementing multiple veneers, you must always start closest to the midline and work 
distally.
a. True
b. False

6. In today’s commercial products, the hydrochloric acid concentration used for microabrasion 
ranges from 11% to 18%.
a. True
b. False

7. Categories of esthetic complications with single crowns, fixed partial dentures, and 
complete arch prostheses attached to root form implants have been identified. These 
include:
a. Environmental morphology
b. Surgical & soft tissue healing protocol
c. Prosthesis discoloration
d. All of the above

8. About how much recession can generally be expected following abutment connection 
surgery?
a. 1 millimeter
b. 1.5 millimeters
c. 2 millimeters
d. 2.5 millimeters
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9. Implants that support/retain overdentures are commonly located in the canine and premolar 
areas of the mouth.
a. True
b. False

10. The clinical and laboratory steps required to locate the most appropriate prosthetic tooth 
positions for fixed partial dentures are not the same used with conventional complete 
dentures.
a. True
b. False

11. Who first declared orthodontics a specialty?
a. Calvin S. Case
b. Norman Kingsley
c. Stuart Proffit
d. Edward H. Angle

12. Which type of malocclusion is the most common in the United States?
a. Class I
b. Class II
c. Class III
d. None of the above

13. Which of the choices below is one of the five categories for orthodontic treatment goals?
a. Periodontal health
b. Stability
c. Functional occlusion
d. All of the above

14. During the “lag phase” of orthodontic tooth movement, tissue turnover occurs, which 
allows reduction of the applied strain terminating in tooth movement and appliance 
deactivation.
a. True
b. False

15. Single-tooth crossbites are typically corrected with which of the following appliances?
a. Rapid palatal expander
b. Slow palatal expander
c. W-arch
d. Retainer
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