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Fixed Restoration of the Edentulous 
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Introduction

Implant rehabilitation of the edentulous maxilla continues 
to challenge from a surgical and prosthodontic perspective. 
However, with proper planning, communication, and exe-
cution, these treatments can be highly rewarding and pre-
dictable. Difficulties tend to arise from a number of complex 
situations affecting both the esthetic and functional aspect 
of the prosthesis.1 Among the prosthetic designs used to 
treat the edentulous maxilla are fixed or removable implant-
supported restorations. Because the esthetic requirements 
and preoperative situation of each patient vary, considerable 
effort must be exercised in accurate diagnosis and planning 
to ensure that patient needs are met and predictable out-
comes are achieved. The purpose of this chapter is to iden-
tify key diagnostic factors and compare treatment options 
and contemporary prosthetic designs for the edentulous 
maxilla.

With careful consideration given to diagnosis and treat-
ment planning, criteria will be specified to guide the practi-
tioner in deciding what type of prosthesis should be offered 
to each patient. This objective can be achieved by review-
ing various patient cases with regard to changeable design 
considerations and factors influencing the decision-making 
process. An overview and introduction of an esthetic clas-
sification system and material selection for definitive fixed 
prosthesis will be presented.

As in all phases of dentistry, diagnosis is critical in obtain-
ing an anticipated outcome. An incomplete or erroneous 
diagnosis can generate inferior results.

The initial phase in understanding how to restore the 
edentulous maxilla is to recognize the resorption patterns 
in this arch. The maxilla does not resorb evenly, nor do all 
edentulous patients go through the same morphogenic 
changes.2 So, one must analyze each patient critically 
and tailor the restoration to the individual arch. The end 
result must be clearly visualized from the outset of treat-
ment and communicated with all treatment providers 
involved.

When evaluating the resorption of the maxilla after tooth 
loss, the following issues in particular must be considered, as 
they will affect treatment planning:
 1.  Subsequent to the loss of all anterior maxillary teeth, hor-

izontal bone resorption is almost twice as pronounced as 
vertical resorption (Figure 36-1).2

 2.  65% of all maxilla arches examined were ovoid (Figure 
36-2), 25% were triangular, and 10% were irregular.3

 3.  An unquantified number of edentulous patients display 
their entire maxillary ridge with a high smile (Figure 36-3).

Diagnosis

The decision-making constraints when rehabilitating patients 
require the clinician to decide whether a fixed or a remov-
able prosthesis would be more fitting. Several designs can be 
used to restore patients.

With overdenture-type designs, one can obtain support 
from both the implants and the mucosa; in the presence of 
an adequate number of dental implants, the restoration can 
be entirely implant supported. Zitzmann and Marinello4 
described, in detail, parameters that need to be evaluated. 
A fixed restoration should not be guaranteed to a patient 
until all diagnostic criteria are evaluated. These criteria must 
include quality and quantity of bone available to support 
implants, lip line, lip support, and esthetic needs. Implants 
should not be placed until a definitive treatment plan has 
been established, as implant positions may vary depending 
on type of prostheses to be delivered (Figure 36-4).

This section discusses key diagnostic elements that will 
help in planning the restoration of an edentulous maxilla.

Facial and Lip Support

Facial and lip support analysis must be performed before 
any surgical act. Often it is very difficult to create adequate 
lip support, proper emergence, and healthy pontic ridge 
relationships, if the implants have already been placed (see 
Figure 36-3). Lip support must be evaluated and established 



585CHAPTER 36 Fixed Restoration of the Edentulous Maxilla

with flangeless try-ins before implant placement (Figures 
36-5 through 36-7). Surgical guides must be fabricated 
after this evaluation to place implants at the correct depth 
and angulation for ideal emergence. The surgical or bone 
reduction guide should be almost identical to the planned 

definitive restoration. Figure 36-8 shows how the emergence 
of the prosthesis can be adversely affected by inadequate api-
cal bone reduction. Functional and biologic complications 
may ensue with such a steep emergence angle. Figure 36-9 
demonstrates how with suitable planning, a restoration 
with a flat angle of emergence can be fabricated. Appropri-
ate emergence must objectively be evaluated from the sagit-
tal view with a bone reduction guide and prior to implant 
placement. Empirically, it has been suggested that if the 
angle of emergence from the ridge crest exceeds 45 degrees 
from the vertical, functional complications will be more 
likely.

Lip support can be classified into four groups:
 1.  Natural teeth present
 a.  Natural teeth and ridge provide adequate lip support 

(Figure 36-10)
 b.  Natural teeth and ridge do not provide adequate lip 

support (concave profile)
 2.  Natural teeth missing
 a.  Existing ridge provides adequate lip support
 b.  Existing ridge does not provide adequate lip support 

(see Figure 36-5)
Patients who are about to receive an implant-supported 

maxillary prosthesis may present as dentate or edentulous. 
This classification system provides a road map for proper 
diagnosis and planning.

The dentate patients in group 1b are likely to present 
a challenge. After extractions, the lack of lip support will 
worsen. The clinician must identify this group at the diag-
nostic phase. A prudent clinician must also pay attention 
to the facial profile. A concave facial profile is the most 
challenging situation to manage clinically. A pronounced 
chin and a “turned-up” nose exacerbate the appearance of 
the lack of lip support. The patient in Figure 36-5 has a 
mildly concave facial profile as well as a pronounced chin 
that exacerbates his lack of lip support. If the patient’s 
nose were turned upward, the lack of lip support would 
worsen still. Image manipulation (Figure 36-11) explains 
this concept.5 By identifying patients with a concave profile 
before implant placement, the clinician is likely to be more 

• Figure 36-1 Intraoral sagittal view of a patient with no maxillary 
teeth. Bone loss is more pronounced in the horizontal than the vertical 
dimensions.

• Figure 36-2 Occlusal intraoral view of a patient with an oval maxil-
lary arch form.

• Figure 36-3 Shows patient smiling and displaying the maxillary 
alveolar ridge and failed implant prosthesis.
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• Figure 36-4 A, Extraoral parameters that should be evaluated for a fixed maxillary restoration. B, Intra-
oral parameters that should be evaluated for a fixed maxillary restoration.

• Figure 36-5 Sagittal facial view of patient not wearing a maxillary 
denture and with a lack of lip support.

• Figure 36-6 Sagittal facial view of patient wearing a flangeless 
m axillary wax tooth try-in with adequate lip support.

• Figure 36-7 Intra-oral view of the patient in Figures 36-5 and 36-6 
wearing a flangeless maxillary wax tooth try-in.

• Figure 36-8 Sagittal view analysis and illustration show nonideal 
emergence of the prosthesis at the ridge crest. This area can accu-
mulate food, impede lip mobility, and create patient discomfort. Dental 
implants were placed too shallowly.
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successful in identifying potential esthetic problems. Flat 
and convex profiles are simpler to manage.

When patients present with missing teeth, the clinician 
must identify and photograph patients in group 2b. These 
patients must go through an additional diagnostic phase to 
establish whether a fixed restoration without a flange can 
be delivered. The most reliable method to establish whether 
adequate lip support can be achieved is to perform a flange-
less try-in (see Figure 36-7). It has been suggested that ade-
quate lip support equates to a nasolabial angle of between 
85 and 110 degrees. The patient in Figure 36-6 has a naso-
labial angle of 90 degrees. This figure is within an acceptable 
range for adequate lip support.

Lip support is derived from the alveolar ridge shape and 
cervical crown contours of the anterior teeth.6 Resorption 
of the edentulous maxilla advances cranially and medially, 

and this often results in a retruded position of the anterior 
maxilla.3

When evaluating a diagnostic setup with the anterior 
teeth in correct relation to the lip, the position of the anterior 
teeth is frequently anterior to the alveolar ridge. Depending 
on the severity of the resorption, there can be a discrepancy 
between the ideal location of the teeth and the ridge. This 
in turn leads to a discrepancy of the anticipated position of 
the implants in relation to the teeth (Figure 36-12). This 
divergence must be taken into consideration to achieve a 
prosthesis that satisfies the parameters of adequate speech, 

• Figure 36-9 Sagittal view analysis and illustration show ideal emer-
gence of the prosthesis at the ridge crest. This device is cleansable and 
tolerated well by the patient. Dental implants were placed at the correct 
depth for this situation.

• Figure 36-10 Natural teeth and ridge provide adequate lip support.

• Figure 36-11 Manipulation of the patient photo in Figure 36-5. Turn-
ing the nose upward causes the lack of lip support to be more pro-
nounced.

• Figure 36-12 Diagram to illustrate discrepancy between ideal tooth 
position and implant placed into an existing ridge. Poor emergence 
can cause various functional and esthetic problems.
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lip support, sufficient tongue space, and patient acceptance. 
When judged to be large, the discrepancy can be managed 
only with the flange of a removable prosthesis (Figures 36-13 
through 36-16). The patient must be made aware of this 
from the outset; it must be conveyed that unless extensive 
grafting procedures are carried out, it is unlikely that a fixed 
restoration can be provided. When moderate resorption of 
the anterior maxilla occurs, it may be possible to reestablish 
lip support while maintaining adequate contours and emer-
gence of the prosthesis. This is achieved by performing a 
resective procedure in the anterior maxilla. The limiting fac-
tor here is the nasal floor and whether enough bone volume 
will remain to house implants in this area. Consideration 
must be given to the angle of emergence of the prosthesis 

and a hygienic soft tissue contact at the ridge crest for the 
future prosthesis. An empirical rule exists that the pros-
thetic angle of emergence form the ridge must not exceed 
45 degrees. Otherwise, lip movement may be impeded and 
food impaction apical to the prosthesis may occur.

There are some additional risk factors that must be 
accounted for at the diagnostic phase. Following a maxillary 
implant-supported reconstruction, it has been reported that 
patients with thin lips, high smile lines, and a wide smile 
are at risk of an upper lip with a horizontal line across it as 
the end result (Figure 36-17).7 This line appears on the lip 
just superficial to the fixture head. These patients must be 
warned before the start of treatment and advised that der-
mal fillers will be required for routine maintenance.

Smile Line and Lip Length

The mobility of the upper lip during function must be evalu-
ated. Tjan and colleagues8 described the average smile as hav-
ing the position of the upper lip such that 75% to 100% of 
the maxillary incisors and interproximal gingiva are exposed. 
In a high smile-line situation, additional gingiva was visible, 
and with a low smile line, less than 75% of the maxillary ante-
rior teeth were displayed. Patients should be asked to smile 

• Figure 36-13 Cross section of a tooth indicating bone levels.

• Figure 36-15 With moderate resorption, pink porcelain may be 
required to disguise tooth length if the patient desires a fixed restoration.

• Figure 36-14 With minimal resorption, conventional implant- 
supported fixed partial dentures can be provided.

• Figure 36-16 With excessive resorption, a flange of a removal resto-
ration is required to satisfy parameters of lip and facial support.

• Figure 36-17 Patient with a high and wide smile with thin lips. These 
groups of patients are at risk of developing a horizontal line across the 
upper lip after a maxillary reconstruction.
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without the denture in situ (see Figure 36-3; Figure 36-18). If 
the alveolar ridge is visible when the patient smiles without a 
denture, the esthetics can be very challenging, as the junction 
between the restoration and the gingival complex will be vis-
ible (see Figure 36-3; Figures 36-19 and 36-20). Lip support 
should also be evaluated, as it influences the position of the 
maxillary anterior teeth. In a patient with a short upper lip, 
the maxillary anterior teeth will be exposed in repose, whereas 
in patients with a long upper lip, the anterior teeth will usu-
ally be covered. A long upper lip is more favorable than short 
for the treating restorative dentist (Figures 36-21 and 36-22).

Evaluation of the smile line and level of tooth and gin-
gival display is arguably the most important factor from a 
patient’s viewpoint. In order to be consistent and be able to 
satisfy patients’ esthetic needs, one must incorporate cer-
tain observations into the treatment planning process. The 
situation that will potentially cause esthetic challenges dur-
ing treatment, typically related to the patient with excess 
gingival display. The cause of excess display must be identi-
fied.9 With proper diagnosis, the correct treatment will be 
implemented.

The causes of excess gingival display are as follows:
 1.  Short and hyperactive upper lip
 2.  Altered passive eruption
 3.  Dentoalveolar extrusion
 4.  Vertical maxillary excess
 5.  Multiple etiologic factors

The next step in the esthetic diagnosis is to decide which 
of the following structures will be replaced:
 1.  Tooth only (Figure 36-23)
 2.  Tooth and gingival tissues (Figure 36-24)

This can objectively be evaluated with a flangeless tooth 
try-in.

After this step, the clinician needs to determine whether 
an augmentative or resective procedure is required. Esthetics 

• Figure 36-18 Patient with a low smile line, smiling without upper 
denture in situ.

Lip

Ridge

• Figure 36-19 Sagittal diagrammatic illustration of patient with a very 
high smile line. If undiagnosed prior to implant placement, this may 
have disastrous esthetic consequences.

• Figure 36-20 Improper esthetic diagnosis and evaluation has led to 
an unacceptable outcome. The horizontal transitional line or the junc-
tion between the pink ceramics and ridge crest is visible.

• Figure 36-21 Short upper lip. Lips in repose and displaying 3 mm 
of central incisors.

• Figure 36-22 Long upper lip.
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will be of paramount importance in this part of the plan-
ning. The objective is to avoid the following:
 1.  A visible horizontal transitional line between pink pros-

thesis and patient’s own ridge crest (see Figure 36-20)
 2.  Long (more than 12 mm) maxillary incisors that are 

completely visible
A restorative classification will help in visualizing the 

future prosthesis. This classification is made during an 
extreme smile and frontal view.
Class 1a: Tooth replacement only. The whole tooth and 

ridge is visible (Figure 36-25).
Class 1b: Tooth replacement only. The tooth is only par-

tially visible (Figure 36-26).
Class 2a: Tooth and gingival replacement. The horizontal 

transitional line is visible (see Figure 36-20).
Class 2b: Tooth and gingival replacement. The horizontal 

transitional line is not visible (Figure 36-27).
Class 3: Tooth and gingival replacement with severe lack 

of lip support. (See Figures 36-1, 36-5, 36-6, 36-7, and 
36-16.)
The clinician must identify Class 1a and Class 2a at the 

diagnostic phase. Class 1a will create an esthetic challenge 
if central incisor teeth are either longer than 12 mm, or if, 
in attempting to avoid unnaturally long incisor teeth, the 

clinician attempts to reduce tooth length by adding pink 
ceramics. This will simply make matters worse by convert-
ing a class 1 situation into a class 2a situation (see Figure 
36-20). If at the tooth try-in stage, it appears that the 
patient will have very long incisors, vertical and horizontal 
hard and soft tissue grafting must be employed to increase 
ridge height and shorten the length of the definitive inci-
sor teeth. For a patient with a class 1b situation, the length 

• Figure 36-23 Teeth only to be replaced.

• Figure 36-24 Teeth and gingival tissues to be replaced.

• Figure 36-25 Class 1a: Fixed maxillary implant reconstruction. Inci-
sors and maxillary anterior alveolar ridge are visible.

A

B

• Figure 36-26 A, Class 1b: Smile view. Tooth replacement only. The 
tooth is only partially visible. B, Class 1b: Intraoral anterior view.
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of the central incisor teeth becomes irrelevant, as it will be 
hidden by the upper lip during all movements. However, a 
small group of patients may desire ideal gingival contours 
and tooth length even if the lip eliminates visibility of the 
cervical aspect of these teeth.

Similarly, for a patient who presents with a class 2a situ-
ation where the horizontal transitional line may be visible 
after completion of the maxillary reconstruction (see Figure 
36-20), it is essential to move the horizontal transitional line 
in an apical direction by a minimum of 5 mm at the high-
est smile. Moving the horizontal transitional line apically 
is usually achieved by osseous reduction in an apical direc-
tion. Apical movement of the horizontal transitional line 
must only be performed after correct diagnosis of the cause 
of excess gingival display. Certain etiologic factors in excess 
gingival display will require treatment other than osseous 
reduction. Table 36-1 demonstrates the appropriate mode 
of treatment in order to minimize gingival display.

Some patients with edentulous maxillae may require 
augmentative and others require preservative or resective 
procedures. A prudent clinician should be familiar with 
the classification presented in order to achieve predictable 
esthetic outcomes.

Extraoral Examination

Incisal Edge Position

Evaluation of the incisal edge position should follow exami-
nation of the residual ridge. It is paramount that this posi-
tion be determined before implant placement. The clinician 

A

B

• Figure 36-27 A, Class 2b: Tooth and gingival replacement. The 
horizontal transitional line is not visible. B, Class 2b: Intraoral anterior 
view.

  Appropriate Mode of Treatment to Minimize Gingival Display

Etiologic Factors:

Excess Gingival 
Display Treatment for Class1b Treatment for Class 2b

Short upper lip Graft or resect anterior maxilla to establish central incisor 
length of 11 mm at appropriate incisal edge position.

Mild cases:
After tooth extraction, apical reduction of maxil-

lary ridge height to desired levels.
Severe cases:
 a.  Maxillary impaction.
 b.  Overdenture with flange when lack of lip sup-

port is preexisting.

Hyperactive upper 
lip

Reduce upper lip mobility: Botulinum toxin, or surgical 
intervention.

Reduce upper lip mobility: Botulinum toxin, or 
surgical intervention.

Dentoalveolar 
extrusion

After tooth extraction, apical reduction of maxillary ridge 
height to desired levels.

After tooth extraction, apical reduction of maxil-
lary ridge height to desired levels.

Vertical maxillary 
excess

Maintain or resect anterior maxilla to establish central 
incisor length of 11 mm at appropriate incisal edge 
position.

Maxillary impaction for severe cases.
Apical ridge reduction for mild to moderate 

cases.

Multiple etiologic 
factors

Address most dominant causes only. Address most dominant causes only.

TABLE 
36-1



592 SECTION 4  Implant Surgery

must visualize the tooth in three dimensions. Esthetics and 
the level of desired tooth display determine the incisor ver-
tical position.8 Tooth display should be measured while the 
lips are in repose (at rest; see Figure 36-21). A minimum 
display of 0.5 mm is desirable.10 Otherwise the patient may 
appear edentulous at rest, leading to dissatisfaction. The 
horizontal position is determined predominantly by speech. 
If the maxillary anterior teeth are placed more palatally and 
restrict tongue space, patients may sound as if they are whis-
tling when attempting to pronounce the letter “S.” When 
the maxillary incisor teeth are placed too facially, the tip 
of the tongue may not be able reach to the palatal aspect 
of the maxillary incisor teeth, and the “S” sound will be 
pronounced like a “Sh.” The “S” sound is the dominant fac-
tor in determining the horizontal position of the maxillary 
incisor.11,12

The secondary factor for horizontal positioning of the 
maxillary anterior teeth is lip support. The relationship 
between lip support and horizontal positioning of the upper 
incisor teeth has already been discussed. The angulation of 
the upper incisor teeth is determined by the ability to pro-
nounce the “F” sound. The “F” sound is pronounced when 
the upper incisors create a seal by grabbing the vermilion 
border of the lower lip. The cervical border of the incisor is 
placed on average 10.5 mm apical to the incisal edge posi-
tion.13,14 By paying attention to maxillary incisor position-
ing, the clinician can ensure patient satisfaction in terms 
of speech and esthetics. The remainder of the tooth setup 
in the maxilla must follow basic denture prosthodontic 
principles.13,14 Attention must be afforded to esthetic prin-
ciples for tooth arrangement, the occlusal planes, and buccal  
corridors.15 To determine if a fixed or removable restora-
tion would be appropriate, a wax try-in is prepared without 
a flange. For a fixed restoration, the clinical crown should 
ideally end up at the soft tissue level of the alveolar ridge. In 
this situation, minimal resorption has occurred, inter-arch 
space is favorable, and an optimal tooth-lip relationship is 
present (see Figures 36-13 and 36-26). When a large verti-
cal distance exists between the cervical aspect of the tooth 
and the alveolar ridge but the tooth-lip relationship is favor-
able, pink ceramic may be used to disguise the tooth length, 
and a fixed restoration is still possible (see Figures 36-15 
and 36-27). When there is both a vertical and horizontal 
discrepancy between the ideal position of the tooth and the 
alveolar ridge, and the tooth-lip relationship is not optimal, 
this may be an indication for use of a removable prosthesis. 
The flange will provide adequate lip support, and the teeth 
can be positioned appropriately to satisfy the parameters of 
esthetics (see Figure 36-16; Figure 36-28).

Treatment Planning

The long-term success of implant rehabilitation of the eden-
tulous maxilla is dependent on consideration of all the fac-
tors previously discussed. Treatment planning must address 
these diagnostic findings. It must also tackle the patient’s 
singular grievances and meet the patient’s expectations. 

The patient needs to have a reasonable awareness of how 
the definitive restorations will appear. Esthetics is a major 
cause of failure; going through a lengthy, expensive treat-
ment only to achieve a result that is esthetically inferior to 
a complete denture can be hugely disappointing. Patient 
communication at the outset is of utmost importance. To 
avoid any surprises, a great deal of time must be devoted to 
educating the patient on the relative advantages and disad-
vantages of projected treatment. Informed consent becomes 
important. The patient must fully understand and acknowl-
edge the limitations of the planned treatment, including the 
possibility of implant failure. The patient must understand 
that treatment plan modifications may be obligatory and 
the fact that placement of additional implants may be indi-
cated. Informed consent must include the surgical risks of 
treatment and also the treatment’s possible shortcomings 
in adequately addressing the patient’s chief complaint and 
expectations.

In treatment planning, the following factors must be 
considered:
 1.  Esthetics and patient desires
 2.  Type of support
 3.  Amount of resorption and inter-arch space
 4.  Number of implants
 5.  Implant distribution
 6.  Economics

1. Esthetics and Patient Desires
Meeting patient expectations is paramount when planning 
treatment. As discussed earlier, patients prefer to discard 
their removable appliance in favor of a fixed alternative. The 
clinician must know early in treatment if this is possible. 
Promising a patient a fixed reconstruction when diagnos-
tic deliberations determine otherwise may result in a dis-
satisfied patient. Patients are also pleased with the esthetic 
appearance of a complete denture. In particular the appear-
ance of the soft tissues is uniform and interdental papillae 
between denture teeth are reproduced well with pink acrylic 
resin (Figure 36-29). When a patient then transitions to a 
fixed reconstruction, interdental papillae between implants 
are often absent. An artistic dental technician can create an 
illusion of interdental papilla by altering the position of the 
contact point between adjacent teeth and using interproxi-
mal stain (Figure 36-30).

2. Type of Support
Fundamentally, with the edentulous maxilla there are 
two categories of prosthesis, fixed and removable. Fixed 
prostheses include ceramic-based restorations supported 
by implants and, depending on the severity of the bone 
resorption, some pink porcelain may be required to simu-
late gingival contours. The removable category includes 
implant-supported overdentures and implant-retained and 
tissue-supported overdentures. A removable prosthesis can 
be retained by various methods, including, bar and clip, 
magnet, ball attachments, or the use of precision-milled or 
spark-eroded components.
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A B

C

• Figure 36-28 A, Sagittal intraoral view of patient with severe maxillary resorption and implant-supported 
bar. B, Lack of lip support without maxillary prosthesis. Profile view. C, Prosthesis with flange provides lip 
support. Profile view.
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The diagnostic factors previously discussed will allow the 
clinician to decide which type of prosthesis will be more 
suitable.

3. Amount of Resorption and Inter-arch Space
This parameter dictates the type of prosthesis to be fabri-
cated. The clinician must evaluate whether the patient exhib-
its minimal, moderate, or advanced resorption. Each type 
of prosthesis has a unique dimensional tolerance, as previ-
ously discussed. Patients who exhibit minimal or moderate 
resorption are candidates for a fixed restoration, providing 
parameters of facial and lip support are satisfied. Patients 
with advanced resorption can be satisfied esthetically by fab-
rication of a removable prosthesis with a flange; this replaces 
necessary support that has been lost as a result of resorption. 
If patients in this category request a fixed restoration, they 
will need to understand that extensive grafting or resective 
procedures may be required and that even after that, the 
esthetic outcomes may not meet their expectations.

4. Number of Implants
Many authors have discussed treatment concepts for res-
toration of the edentulous maxilla with a fixed prosthesis. 

Recommendations have been made with respect to antici-
pated prosthesis designs and implants. Placement of four to 
eight implants has been proposed for a fixed implant pros-
thesis with cantilever pontics.16,17 Recommendations have 
also been made with regard to removable restorations on 
implants—four to six implants have been recommended for 
both implant-supported and implant- and tissue-supported 
restorations.17,18 Deciding on the number of implants to 
place is not directed by a formula and is dependent on 
multiple factors. The number of implants to place in each 
patient is determined by:
 a.  Quality of bone
 b.  Anticipated force to be placed on the restoration
 c.  Relationship between the shape of the residual ridge and 

the dental arch form

a. Quality of Bone
Frequently type 3 and 4 bone is encountered in the maxilla. 
On occasion the quality of the bone is such that conven-
tional drills cannot be used to place the implant, and under-
preparation of the osteotomy sites is required. The success of 
implants in the maxilla is less certain than in the edentulous 
mandible.

When the quality of bone is not optimal, often the sur-
geon and restorative dentist consider placing additional 
implants. These implants are placed to allow the restorative 
dentist to continue with the anticipated prosthesis should 
one or two implants fail. Overengineering in the maxilla can 
be advantageous, but consideration should also be given to 
the costs that may be encountered should all the implants 
integrate. Frequently the restorative dentist will have to pur-
chase additional abutments, and the costs of these will need 
to be passed on to the patient. When the patient has had 
posterior teeth missing for a considerable length of time, the 
maxillary sinuses pneumatize, and often there is insufficient 
bone for implant placement in these areas. If the patient 
refuses to undergo additional augmentation procedures, the 
concept of the shortened dental arch can be used and fewer 
implants placed. The restoration of the maxilla with only 
four implants is an acceptable contemporary approach. The 
concept of a shortened dental arch may be used with this 
protocol.

b. Anticipated Force to be Placed on the Restoration
Part of the extraoral examination should also involve analysis 
of the patient’s build and facial musculature. The masseter 
muscles should be observed for any hypertrophy that may 
be present. Bruxers often present with a pronounced ante-
gonial notch, and this can be indicative of the likely force 
to be placed on the restorations. In these types of patients 
it is wise to overengineer and place additional implants for 
added support and distribution of force.

The opposing occlusion also has to be evaluated. Patients 
are likely to exert less force if a complete denture opposes 
the implant restorations, as compared to the force that can 
be exerted when the patient has natural dentition opposing 
them.

• Figure 36-29 Complete dentures can appear very realistic.

• Figure 36-30 Pink interproximal ceramic staining to simulate dental 
papilla.
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The greater the probable force on the implant restora-
tions, the more implants should be allowed for.

c. Relationship between Shape of Residual Ridge and 
the Dental Arch Form
Three typical arch forms are prevalent: square, ovoid, and 
tapering. The edentulous maxillary residual ridge may also 
have three arch forms.

Esthetic requirements may require a dental arch form 
different from the residual ridge form. The dental arch form 
is determined by the final teeth position in the premax-
illa and not from the residual ridge form. The final tooth 
position may need to be cantilevered to the facial in the 
final prostheses. In a dental square arch, lateral and cen-
tral incisors are not cantilevered facially, compared with the 
canine position (Figure 36-31). Mandibular excursions and 
occlusal forces may be reduced on the canine implants. As 
a result, implants in the canine position may suffice, espe-
cially if they are splinted to posterior implants. The four 
pontics between the canines create reduced forces because 
forces are lowest in the incisor region and the square arch 
form has less cantilevered occlusal forces to the incisors (see 
Figure 36-31; Figure 36-32).19

In a dental ovoid arch (65% of edentulous patients), 
there should be three implants in the pre-maxilla, not two 
as in the square arch form (Figures 36-33 and 36-34). 

Sometimes this may require bone augmentation. For an 
ovoid retraction of mandibular anterior teeth, dental arch 
form planning for implants in the canine positions and 
at least one additional implant, preferably in the central 
incisor region, is imperative. The additional implant in the 
incisor region resists the additional forces created by this 
arch form, and biomechanically the prosthesis design will 
be more stable, as there will be less stress on the abutment 
screws. The restoration of a tapering arch form places the 
greatest stresses on the anterior implants, especially when 
the pontics replace the incisors (Figures 36-35 and 36-36). 

• Figure 36-31 Square arch form.

• Figure 36-32 Square ridge form.

• Figure 36-33 Ovoid arch form.

• Figure 36-34 Ovoid ridge form.

• Figure 36-35 Tapering arch form.
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The anterior teeth are cantilevered facially from the inci-
sor position with increased forces in maximum intercus-
pation and in excursions. In this case four implants need 
to be placed in the premaxilla to replace the six anterior 
teeth. The worst-case scenario is a patient with a tapered 
dental arch form to be restored on a square residual ridge 
form. Four implants are then required to compensate for 
the anterior tooth position. In this case bone grafting may 
be required.19

5. Implant Distribution
Implant distribution and placement are critical in order 
to obtain the optimum emergence profile for the defini-
tive restorations, as well as enabling the patient to main-
tain adequate hygiene. For a patient who presents with 
minimal resorption and is treatment planned for ceramic-
based restorations on implants, precise placement of 
implants is imperative and should be facilitated by the 
use of a surgical guide based on the diagnostic wax-up 
(see Figure 36-26, B). Implants placed in interproximal 
positions can cause problems from both an esthetic and 
hygiene perspective. For those patients who display mod-
erate resorption but still qualify for a fixed restoration 
with the use of pink porcelain, implant placement is not 
critical, but implant distribution is. Implants placed in 
interproximal tooth positions will not affect the esthet-
ics, as this will be disguised by the use of pink porcelain 

(Figures 36-37 and 36-38). Implant distribution is criti-
cal because implants will need to be placed so the load  
can be shared equitably. Splinting the implants is also 
advantageous, as this improves the biomechanics of the 
prosthesis design.

6. Cost
Restoration of the edentulous maxilla is costly, whichever 
method is used to restore the patient. Fixed reconstruc-
tions require more laboratory support and implant parts 
and hence are much more expensive. However, cost needs 
to be well thought out not only during fabrication of the 
prosthesis but also during maintenance. Overdentures 
seem to have more postinsertion maintenance than their 
fixed counterparts.20 If this is consistent, it could be ques-
tioned whether choosing an overdenture could be justi-
fied on an economic basis when there is sufficient bone to 
support implants for a fixed prosthesis. The patient must 
be made aware that maintenance costs for removable pros-
theses on implants will be higher than those for a fixed 
prosthesis.

Empirical rules cannot encompass all clinical situations. 
There will always be “gray areas” when planning treatment 
of the edentulous maxilla. By combining common sense, 
the evidence base, and clinical experience, one can find 
solutions for treating even the most complex situations. It is 
highly recommended that the patient test all parameters of 
the proposed final prosthesis in the provisional phase. The 
provisional restoration serves as a blueprint for the definitive 
restoration. With the advent of CAD-CAM technology, it 
is now possible to copy and mill the provisional or acrylic 
resin prototype restorations very accurately.21 This will allow 
form, function, phonetics, and esthetics to be replicated 
with relative ease and accuracy. This chapter introduces 
some empirical rules to help make appropriate restorative 
clinical decisions.

The following factors must be considered when planning 
a definitive restoration:
 1.  Amount of tooth and gingival display (see classification)
 2.  Esthetic demands

• Figure 36-36 Tapering ridge form.

• Figure 36-37 Lingual view showing proximal implant placement.

• Figure 36-38 Lateral intraoral view of patient in Figure 36-37. Proxi-
mal implant position has no bearing on esthetics.
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 3.  Screw access trajectory
 4.  Restorative space (acrylic resin vs. ceramics)
 5.  Opposing occlusion (denture, teeth, implants)
 6.  Occlusal forces (high or low)
As discussed, patients in Classes 1a and 2a will present 
with the greatest risk as far as esthetics is concerned. One 
must decide before implant placement whether an aug-
mentative or resective procedure will need to be employed 
for optimal results. Class 1a situations require meticulous 
soft tissue management both surgically and prosthetically 
in order to create and simulate papillae (Figure 36-39). In 
the anterior esthetic chapter, clinical situations to dem-
onstrate maintaining and preserving the anterior ridge 
are discussed. Results are more predictable when Class 2a 
situations are treated with resective procedures. Resection 
will convert a Class 2a to a 2b situation, which is more 
manageable. A controlled and reliable protocol to achieve 
an appropriate angle of emergence, convex pontic ridge 
relationship, and acceptable esthetics is demonstrated  
( Figure 36-40). Stabilizing the surgical guide on poste-
rior teeth that will eventually be removed controls osseous 
reduction. The bone reduction guide (see Figure 36-40, 
D) is very similar in terms of emergence and form to the 
definitive restoration (see Figure 36-40, F) and serves as a 
good objective tool for communication between surgeon 
and restorative dentist.

Material Selection
Acrylic Resin and Titanium
Framework designs for a full-arch, one-piece, implant-
supported acrylic resin and titanium–based restoration 
have changed significantly since the transition from 
gold frameworks to titanium. Different manufacturers 
have different designs available, and despite technologi-
cal advances, a framework with similar characteristics to 
gold frameworks is not available. This is due to limita-
tions in scanning and milling, but technology is advanc-
ing at a rapid rate. Even with the titanium frameworks 
that are available today, a few key parameters become 
important; we cannot ignore what we have learnt from 
gold frameworks.

Two types of frameworks to support acrylic resin teeth 
exist. The minimalist framework where acrylic is wrapped 
around the tissue surface is made from acrylic resin, and it 
is more cost effective. It can be relined, but little is known 
about its longevity in terms of biomechanics. Anecdotally, 
numerous colleagues have experienced fractures of this type 
of framework. Failures may be due to excessive cantilever or 
inadequate bar shape (Figure 36-41).

The second type of framework may include I- or L-shaped 
bar designs to maximize rigidity. Adequate space and reten-
tion for acrylic resin maximizes thickness in the cantilever 
area. The evidence base is also lacking with this design. 
Although these frameworks have served many patients 
well, particularly in the edentulous mandible, success in the 
mandible does not automatically translate to success in the 
maxilla. The authors have anecdotal evidence of repeated 
fractured teeth, acrylic resin delamination, and denture 
teeth wearing in the anterior maxilla (Figure 36-42). The 
problem is exacerbated in patients who present with signs 
of bruxism. Wear of posterior teeth will eventually overload 
anterior teeth and result in fractures.22 In order to avoid 
premature damage to maxillary anterior denture teeth, it is 
wise to extend the metal framework onto the occlusal sur-
faces. The fabrication of prototypes with selective and con-
trolled cut-back procedures will allow accurate copy milling 
and incorporating metal posterior occlusal surfaces into the 
framework.

In summary, this type of framework is still considered a 
“workhorse” in prosthodontics. They are cost effective and 
can be used in a variety of situations.

Ideally at least 15 mm of restorative space is required for 
bulk of material (Figure 36-43). Compromise in restorative 
space will inevitably result in fracture of teeth or delimita-
tion of acrylic resin.

These designs can be used in high- and low-force situ-
ations. In high-force situations, the teeth will wear much 
more quickly and will need to be replaced. Although it is 
possible to make attractive restorations with denture teeth, 
the pink acrylic does lose its sheen over time and can accu-
mulate stain. It would be preferable for the opposing arch 
to have less rigid and hard occlusal surfaces to reduce impact 
on the maxillary restoration.

A

B

• Figure 36-39 A, Maxillary anterior ridge requiring tooth replacement 
only. B, Same patient with definitive ceramic (teeth only) prosthesis.
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A B

C D

E F

• Figure 36-40 A, Preoperative situation of a patient requiring an implant-supported maxillary prosthesis. 
The existing upper denture has poor contours and concave undersurface. B, Upper molars will stabilize 
the bone reduction guide. C, Controlled osseous reduction. D, Bone reduction guide stabilized on molar 
teeth bilaterally and an objective tool for communication. E, The restoration in A in situ, showing adequate 
bone reduction. F, Definitive prosthesis in situ with adequate shape and emergence form.
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In the appropriate situations, this prosthesis remains an 
acceptable and cost-effective restoration for the edentulous 
maxilla with moderate to severe resorption.

Milled Cobalt Chromium Frameworks
Cobalt chromium frameworks have had a major resur-
gence in recent years.23 All of the traditional problems with 
fit, bonding, and corrosion related to cast designs have 
been eliminated with the inception of milled framework 

designs.24-26 CAD-CAM designs allow better control of 
ceramic thickness, passive frameworks, predictable ceramic 
bonding, and less bending than high Nobel frameworks, 
especially in cantilevers. Cobalt chrome frameworks are 
particularly advantageous when less than 15 mm of restor-
ative space is available and a posterior cantilever is present. 
The restoration can withstand occlusal forces even at mini-
mal thickness. The main attraction, however, seems to be 
the cost as compared to gold-based frameworks. The only 
disadvantages are laboratory based, as an industrial milling 
machine is required, with a skilled dental technician.

In summary, this framework design would be useful 
where there is limited restorative space of less than 15 mm, 
posterior cantilevers are present, ceramics are planned, and 
cost is a moderate factor.

Zirconia Frameworks
Zirconia frameworks currently have huge popularity as a 
restorative material for maxillary implant-supported pros-
theses. The primary advantage of zirconia is the whitish 
color of the framework, which allows the fabrication of a 
restoration that can predominantly be of monolithic design. 
Additionally, the white color of zirconia makes it beneficial 
in esthetic areas of the oral cavity and is suitable material for 
anterior restorations.

Zirconia technology has had a noteworthy impact in the 
restoration of the edentulous maxilla because of its biocom-
patibility, esthetics, and strength.27-29 Zirconia has a high 
flexural strength, which makes it suitable as a framework 
in maxillary reconstructions. These properties have resulted 
in the increase use of zirconia in the fabrication of maxil-
lary frameworks. The scientific literature lacks data regard-
ing complete mouth zirconia frameworks supported by 
implants. Clinical reports have evaluated restorations with a 
zirconia structure supported by implants and have provided 
some insight; however, a significant amount of data is lack-
ing in relation to this material and its application.

There are many clinical reports with one or two patients 
treated who have been followed up for 4 years or more. 
However, from an evidence-based perspective, the litera-
ture is lacking wide-ranging data to support monolithic full 
arch frameworks at this time. This statement should not be  
considered a deterrent, but caution must be exercised dur-
ing case selection.

It is possible to achieve strength and maximum esthet-
ics by minimal layering of zirconia frameworks. However, a 
few clinical studies are showing that unsupported veneered 
ceramic has a higher risk of chipping (Figure 36-44).30,31 
So, in order to get the best out of the material, it would be 
wise to design the frameworks such that occlusal contact 
areas are in monolithic zirconia, minimal layering on the 
buccal surface, with anatomically shaped design to support 
the ceramic (Figure 36-45).

Cantilevers (see Figure 36-50) in implant dentistry 
are valuable for sites where anatomic structures such 
as the maxillary sinuses exclude the ideal placement of 
dental implants. Cantilevers are being used more often 

• Figure 36-41 An acrylic resin wraparound prosthesis.

• Figure 36-42 Patient complaining of repeated fractures of maxillary 
anterior teeth with a wraparound prosthesis.

3-4 mm

3-4 mm

8-11 mm

• Figure 36-43 Ideally 17 mm of restorative space is required for a 
metal and acrylic resin restoration.



600 SECTION 4  Implant Surgery

for graftless procedures. They may, however, negatively 
affect the biomechanics of implant restorations32 and 
may result in mechanical and/or biologic problems. Pres-
ently, evidence is limited concerning breakage of canti-
levered zirconia implant frameworks. This evidence is 
mainly limited to anecdotal and expert clinical reports. 
Well-designed, clinically relevant laboratory studies are 
needed to establish the mechanical properties of zirconia 
cantilever frameworks.

As cantilevers are unavoidable, one must air on the side 
of caution in order to reduce the chance of failure, fractures, 
and overloading.32 The following are recommended:
 1.  Maximize connector dimensions, buccal-lingually and 

occlusal-gingivally.
 2.  Minimize cantilever length.
 3.  If cantilevers are unavoidable, ensure very light occlusal 

contacts in these areas.
 4.  In situations where low to moderate alveolar resorption 

has occurred, posterior restorative space is often limited 
and, in the presence of a cantilever, may result in failure 
(Figure 36-46).

 5.  Thicken the chimney around the most distal implant, 
and thicken the buccal and lingual walls around the 
chimney of the implant.

 6.  Well-polished monolithic zirconia is kind to the oppos-
ing dentition.33 One must ensure that any grinding and 
polishing is performed during the prototype phase. This 

will also help with preserving the strength of the material 
and avoiding accelerated ageing failures in the presence 
of saliva.34

A potential problem of zirconia is the inherent acceler-
ated ageing or low-temperature degradation problem that 
is exacerbated in the presence of water or saliva.34 This leads 
to a decrease in physical properties by spontaneous phase 
transformation of the zirconia crystals from the tetragonal 
phase to the weaker monoclinic phase and may place zir-
conia-based restorations at risk of impromptu catastrophic 
failure. Current literature reports a relatively small num-
ber of framework fractures, which do not appear to have 
occurred spontaneously. In both in vitro and in vivo stud-
ies, it has been demonstrated that the exclusive mode of 
failure in all ceramic fixed partial denture frameworks was 
the fractures of the connectors where tensile forces are the 
greatest.35 To prevent such failures, the connectors of all-
ceramic fixed partial dentures (FPDs) must have sufficient 
height and width to withstand these forces. The suggested 
minimum dimensions for all-ceramic FPDs are greater 
than those for metal-ceramic FPDs. A minimal connector 
area of 7 to 16 mm2 has been recommended for zirconia 
frameworks.

In contemporary treatment planning, one of the aims 
is to provide the patient with a retrievable restoration. 
Retrievability is achieved through screw retention. This 
allows simple detachment of the appliance and the chance 
to service the restoration or treat any implant-related 
problems. With proper implant placement, this can be 
achieved in most situations when treating the edentulous 
maxilla. However, despite clinicians’ best intentions, ana-
tomic limitations may not allow screw-retained implant 
placement in the anterior maxilla, even after correction 
with angled abutments. In these situations a “hybrid” 
between a monolithic design and individual cemented 
restoration may solve a challenging problem created by 
anterior implant trajectory (Figure 36-47).

There have been numerous anecdotal reports of the 
patient hearing a clicking sound when both maxillary 
and mandibular prostheses are made with implant-sup-
ported monolithic zirconia restorations. Currently, the 
consequence of forces being transmitted to the support-
ing implants is unknown. Last, there are very few data to 
show the longevity of the full arch zirconia maxillary and 

• Figure 36-44 Chipping of layered zirconia crown.

• Figure 36-45 Minimal and controlled cut-back of zirconia to avoid 
fractures.

• Figure 36-46 Posterior cantilevers and limited crown height place 
restorations at risk of fracture.
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mandibular situations, with continuous function against 
one another. In situations where the clicking noise might 
bother the patient and excess forces in a very rigid sys-
tem are a concern, the authors recommend using a softer 
occlusal material (acrylic resin teeth) in the mandibu-
lar arch instead. The use of softer acrylic resin teeth can 
overcome the potential problems discussed earlier. This 
is achieved by using the preferential wear of acrylic resin 
teeth in the mandibular arch as a clinical advantage. The 
patient must be warned of a higher level of maintenance 
and need for resurfacing the mandibular prosthesis in 
due course.

In summary, zirconia frameworks may ideally be used 
where esthetics is a concern, posterior cantilevers are not 
present, and implant trajectory is ideal. These frameworks 
may be considered when posterior cantilevers are pres-
ent, in the presence of adequate posterior restorative space  
(>15 mm).

Zirconia Titanium Frameworks
Although monolithic zirconia frameworks can be useful in 
many situations, they do have their limitations:
 1.  Lack of evidence for restoration survival in a posterior 

cantilever situation
 2.  Limited posterior vertical restorative space, weakening 

connector strength (see Figure 36-46)
 3.  Excessively facial anterior implant trajectory
 4.  Maintaining true screw retained situations and retrievability
 5.  The ability to segment restorations

The zirconia titanium framework design attempts to 
address all of the issues listed. This design consists of two 
frameworks. The primary titanium framework is attached 
to the implants and is screw retained. It eliminates the tra-
jectory problem with implants. The secondary framework 
is made of monolithic zirconia with minimal facial layer-
ing. Pilot studies performed by the authors clearly demon-
strate a mechanical advantage where posterior cantilevers 
are present and in situations with short connector height 
(Figure 36-48).

In summary the titanium zirconia framework may be 
used where anterior implant trajectory is unfavorable and 
posterior cantilevers exist, with less than 15 mm posterior 
restorative space.

Case Presentation
An overview of a patient treatment will help consolidate 
some of the concepts presented in this chapter. This patient 
presented complaining of repeated fractures of her existing 
implant restorations in both maxilla and mandibular arches 
(see Figure 36-42). On examination it was determined that 
the anterior teeth were under heavy occlusal loads, in both 
centric relation and protrusive movements. This patient 
reported nocturnal bruxism. Although adequate restor-
ative space was present, the existing restorations were can-
tilevered posteriorly bilaterally. Restorative space decreased 
mildly posteriorly, approaching 15 mm in the molar region. 
One anterior implant presented with an unfavorable trajec-
tory even after correction with an angled abutment.

The patient presented with a severe lack of lip support 
without her existing prosthesis. These restorations pro-
vided adequate lip support and hence served as a flange-
less try-in. Existing failing implant prostheses can serve 
as excellent diagnostic tools, similar to dentures that are 
in need of replacement. Based on the patient’s esthetic 
and functional demands, a wax try-in was fabricated and 
examined in vivo. After patient approval, these wax-based 
trial prostheses were copy milled with implant-supported 
acrylic resin prototypes. Occlusion was refined at this stage, 
and all parameters relating to form, function, phonetics, 
and esthetics were evaluated (Figure 36-49). With the aid 
of CAD-CAM technology, the prototypes were scanned 
and primary and secondary bars fabricated. The primary 
bar was cantilevered (Figure 36-50) and supported and 
was screwed to the secondary zirconia framework (Figure 
36-51). As the patient demonstrated a history of bruxism, 
a primarily monolithic zirconia framework with minimal 
facial layering was designed (see Figure 36-45). The pri-
mary titanium bar could correct any misaligned implant 

• Figure 36-48 Pilot study tested load to failure of cantilevers. Tita-
nium zirconia frameworks fractured under much higher loads than 
monolithic zirconia frameworks.

• Figure 36-47 A “hybrid design” for a zirconia framework. The 
anterior restorations are cemented because of unfavorable implant 
angulations.
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trajectories. The prosthesis was completely screw retained 
and fully retrievable.

This patient situation demonstrates how with the appli-
cation of basic diagnostic principles, the clinician can resolve 
a clinical problem. A satisfactory outcome with adequate 
form, function, and esthetics was achieved (Figures 36-52 
through 36-55). Particular attention was afforded to creat-
ing a mechanically sound restoration to reduce maintenance 
problems.

• Figure 36-49 Acrylic resin prototype try-in.

• Figure 36-50 Primary screw-retained titanium bar.

• Figure 36-51 Lingual view of partially inserted secondary zirconia 
restoration on titanium primary bar.

• Figure 36-52 Polished definitive restorations prior to delivery.

• Figure 36-53 Intraoral views of restorations in Figure 36-52 after 
delivery.

• Figure 36-54 Profile view to show adequate lip support after delivery.
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Summary
This chapter has explored diagnostic concepts as they relate 
to full maxillary implant-supported reconstructions. The 
application of these concepts at the presurgical phase of 
treatment increases the likelihood of esthetic and biologic 
and biomechanical success. Patient situations to demon-
strate appropriate execution have been presented.
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