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Introduction – Full Arch Implant Prostheses
The introduction of implant-supported prostheses has improved the quality of life of the
edentulous population. The choice of the prostheses and the attachments should be based on
various factors and not the preferences of the dentist or the patient. The success of an implant
prosthesis relies on proper planning and placement of implants. Prosthetically driven implant
planning ensures optimal placement of implants.
Please note: This is Part I of a two-part series. Full Arch Implant Prostheses: Part II - Fabrication
Procedures will describe all the procedural steps for fabricating a predictable implant-supported
removable dental prosthesis and an all-on-4/all-on-5 implant-supported fixed prosthesis. Each of
the two courses can be taken independently and in any order.
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Learn to plan restoratively driven implants
and understand the small but important
differences in implant placement for
removable and fixed prostheses.

Introduction
Definition
Implant prosthesis is a prosthesis
supported and retained in part or whole by
dental implants.
Edentulism is considered a major health
problem as it affects the overall well-being of
an individual.1-3 Traditionally, complete dentures
were the only treatment option available for
edentulous patients.4 The lack of prosthesis
retention and stability coupled with poor
masticatory efficiency led to dissatisfaction
among denture patients, forcing them to seek
alternative therapy.5,6 The advent of implants and
implant prostheses have positively impacted the
quality of life of many edentulous patients.6-10

Overview

Implants have helped improve the denture
bearing foundation and quality of life of
edentulous patients. Treatment options
available for edentulous patients are complete
dentures, implant-supported overdentures,
and implant-supported fixed restorations. This
course describes the factors governing the
choice of implant prostheses and attachments/
abutments for both removable and fixed
implant restorations. It also details the entire
treatment planning sequence starting with
the treatment prosthesis, progressing to
CBCT assisted implant planning, and finally
placement of implants with 3D surgical guides.

An implant-supported and/or retained prosthesis
can be fixed or removable. However, most
dentists and patients believe that the most
suitable restoration (that will eliminate all of
the patient’s existing problems) is a “fixed”
implant prosthesis.11-13 The choice of the
definitive prosthesis should not be based on the
preference of the dentist or the patient, rather,
it should be determined by comprehensive
diagnosis and treatment planning.13 The bone
quantity and quality, the number, location and
distribution of implants, the available restorative
space, smile line, lip length, opposing arch,
oral hygiene compliance, financial implications,
and the time required for fabrication and
maintenance of the prosthesis should be taken
into consideration while choosing the type of
implant prosthesis.11,12,14 Removable implant
prosthesis can be indicated in most situations
which may be inconducive to the fabrication of
fixed implant prosthesis.13,15,16

Learning Objectives

Upon completion of this course, the dental
professional should be able to:
• Understand the indications,
contraindications, advantages and
disadvantages of implant-supported fixed
and removable prostheses.
• Choose optimal prostheses for the patient
based on all relevant factors.
• Choose the most appropriate attachment
system for the patient based on all the
relevant factors including restorative space.
• Understand the entire workflow beginning
with implant planning to implant placement
based on both the anatomic and prosthetic
determinants using CBCT, implant planning
software, and 3D surgical guides.

Removable implant restorations (Implant
overdentures) may be either implant-retained
and mucosa-supported or implant-retained
and implant-supported. When the prosthesis
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is retained by implants and supported by
mucosal tissues, it is termed as an implantretained and mucosa-supported prosthesis.
When the prosthesis is retained and supported
by implants, it is an implant-retained and
implant-supported prosthesis. Implant
overdentures have several advantages
compared to conventional complete dentures
and removable partial dentures, including
decreased bone resorption (in locations where
implants are placed),17 reduced prosthesis
movement, improved mastication, nutrition,18,19
appearance20 (teeth placement can be dictated
by esthetics), satisfaction21 and quality of
life22 and maintenance of the occlusal vertical
dimension (OVD). When compared to fixed
implant prostheses, implant overdentures have
the following advantages: (These can be also be
interpreted as disadvantages of fixed implant
prostheses.)

can also be interpreted as advantages of fixed
implant prosthesis) they include the following:
1. All removable restorations must be kept out
of the mouth for 6 to 8 hours in a 24-hour
period which may be objectionable to some
of the patients.27
2. Removable implant prostheses generally
require more restorative space than fixed
implant restorations.28
Note: Restorative space is the 3-dimensional
oral space available (specific to the arch
under consideration) to receive the
proposed prosthodontics restoration.29
Vertical restorative space may be assessed
using measuring tools, such as a Boley
gauge and existing complete dentures,
wax rims (Figure 1A), or wax trial dentures.
The tips of the measuring caliper should
simultaneously contact the intaglio surface
of the denture or record base and the
deepest aspect of the overlying occlusal
surface or the wax rim.29 Vertical space may
also be directly calculated using mounted
casts with adjusted wax rims (Figure 1B)
or wax trial dentures.29 Also, computed
tomography (CT) scans with computer-based
planning can also be used to determine the
available restorative space.

1. Fewer implants needed: Fabrication of
implant-supported overdentures generally
requires a lesser number of implants
compared to fixed implant prostheses.
2. Improvement of esthetics: Patients with
significant resorption of the labial aspect of
the anterior maxilla require lip support to
optimize the esthetics. The labial flange of
the overdenture can be contoured to provide
the desired lip support.20,23 Managing this
situation with a fixed implant prosthesis
would necessitate bone augmentation
procedures or the development of noncleansable contours in the fixed restoration.
3. Improvement in speech: The overdenture
surfaces can be appropriately contoured
and the prosthetic teeth can be optimally
positioned to permit an improvement in
speech. Also, the problem of air leakage
between the prosthesis and the ridges is
minimized with an overdenture.20,24,25
4. Easy to clean: The oral cavity, attachments
and the prosthesis are easy to clean because
the prosthesis can be easily removed from
the mouth.20,26
5. Cost-effective: Removable implant
restorations are less expensive to fabricate
and repair than fixed implant restorations.

The minimum vertical space requirement of
various implant prostheses are as follows:28-30
• Fixed screw-retained (implant level)
prosthesis (porcelain fused to metal/
Zirconia): 4-5 millimeters;
• Fixed screw-retained (abutment level)
prosthesis (porcelain fused to metal/
Zirconia): 7.5mm;
• Fixed cement-retained prosthesis
(porcelain fused to metal/Zirconia):
7-8mm;
• Fixed screw-retained complete denture
(acrylic and metal): 15mm;*
• Overdenture supported by locator
attachments: 8.5mm;
• Overdenture supported by bar attachment
system:13-14mm
*All the different types of fixed implant
prostheses require lesser vertical
restorative space compared to the

However, there are a few disadvantages
associated with implant overdentures (which
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Figure 1A. Evaluation of restorative space using the
wax rim and Boley gauge.

Figure 1B. Evaluation of restorative space using wax
rims on mounted casts.

removable implant prostheses except the
fixed screw-retained complete denture.
3. There is a need for constant replacement
of the retentive elements of the stud
attachments when used in situations where
the implants are not placed parallel to each
other.27
4. Since fewer implants are placed, the
osseous structures will continue to resorb in
locations where there are no implants.27

Mode of Retention of Removable
Implant Prosthesis

Hader Bar (keyhole shape).31 Bars may be
casted, milled, or fabricated by CAD-CAM
(computer-aided designing/computer-aided
manufacturing) technology.31 Fabrication of
a prosthesis supported by a bar attachment
requires substantial planning and is technique
sensitive.28,31-35 Bars require more vertical
restorative space (minimum 13‑14mm)
compared to individual stud attachments.36
Patients with bar-supported prostheses
may develop mucosal hyperplasia beneath
the bar and mucositis around the implants
when optimal oral hygiene is not maintained
(Figure 2B).31 Individual stud attachments are
preferred attachments (due to reduced tissue
coverage) for patients with poor oral hygiene
(Figure 3).37

Bar Attachments
Bars are usually planned to accommodate
non-parallel implant trajectories.31 Bars
provide excellent stabilization, retention,
and force distribution (due to splinting
effect) (Figure 2A). There are various designs
of bars such as Ackermann Bar (spherical
shape), Dolder Bar (ovoid or “U” shape), and

Individual Stud Attachments
With the advent of the locator attachment
system, there has been a decrease in the use
of magnets, ball attachments, and the ERA
attachment system. Features such as resiliency,
self-alignment38-40 (making it easy for the patient
to align and seat the prosthesis), dual retention
(internal and external),38-40 ease of replacement
of the nylon retentive inserts41,42 and
maintenance of oral hygiene,43 lowest vertical
profile40 (3.17mm for external hexagon implant,
2.5mm for internal connection) (Figure 4), high
success rate44 and superior clinical performance
(compared to ball and bar attachments)40
have made the locator attachments very
popular among the restorative dentists. The
locator attachment system has become the
attachment of choice when there is reduced

All these factors should be taken into
consideration while choosing the type of
implant prosthesis.

Implant overdentures may be retained
using bar and clip attachment systems and/
or individual, free-standing abutment-based
attachments. Freestanding attachments include
balls, magnets, resilient stud attachments, such
as the Locator system (Zest Dental Solutions),
Locator R-Tx system (Zest Dental Solutions)
and ERA (Sterngold), and non-resilient stud
attachments such as Ankylos Syncone (Dentsply
International).31
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Figure 2A. Hader Bar fabricated with ERA extensions
to support an overdenture.

Figure 2B. Mucosal hyperplasia and mucositis in a
bar-supported prosthesis due to poor oral hygiene.

Picture courtesy of Dr. Cagna

Figure 3. Easier accessibility for oral hygiene maintenance with
individual stud attachments.

Figure 4. Comparison of vertical dimensions of the locator (left), mini ERA (center), and
the ERA (right) attachment system.
Picture courtesy of Dr. Cagna
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Figure 5. Locator R-Tx attachment system.
Picture courtesy of Dr. Massad

1. Trajectory and position of implants:
Individual attachments (Locators, ERA, Ball,
and Magnets) are often indicated when
implants are planned/placed parallel to each
other.50 When implants have non-parallel
trajectories, a bar attachment, Syncone,
or the R-Tx attachment system should be
selected. Bar attachments are also preferred
when implants cannot be placed in ideal
locations due to interference with anatomic
structures, such as the presence of mental
foramen or ridge crest seen in patients with
severely resorbed ridges.51-53
2. Desire for cross arch stabilization: The
inherent design of the bar attachment
system provides cross arch stabilization.54,55
3. Decrease in Prosthesis size: When patients
require a minimum size of the definitive
prosthesis, specifically designed milled bars
can be utilized to accomplish the same.56
4. Frequent occurrence of sore spots: Bar
attachments are commonly indicated in
patients who are xerostomic and/or prone
to soft-tissue sore spots as the denture
can be entirely bar supported, thereby
minimizing impingement on denture
bearing tissues.57
5. Poor oral hygiene: Patients who are
incapable of maintaining optimal oral
hygiene or patients who will not dedicate
appropriate time for maintenance of oral
hygiene should be cautioned and, at times,
denied placement of bar attachments until
they commit to an appropriate oral hygiene
regimen.43

vertical restorative space.28 However, all
stud attachments (Locator included) incur a
significant reduction in retention when used
in association with converging/diverging
implants.45-47 The extended range (Gray, red,
orange, or green) locator inserts to correct up
to 20° angulation per implant (40° between two
implants) have been recommended for nonparallel implants. However, the extended range
inserts only provide external retention and also
wear faster than the standard range.48,49
Recently introduced Locator R-Tx removable
attachment system (attachment system for
removable implant-supported prostheses)
(Figure 5) eliminates the limitations associated
with conventional locator attachment.49 It
permits a 50% increase in pivoting capability
and up to 30° angle correction per implant as
opposed to a maximum of 20° angle correction
per implant with the conventional locator
attachment system.49 In addition to its angle
correction capability, several new features
have been incorporated to improve its clinical
performance.49 The success of a removable
implant restoration primarily depends on the
retentive capacity of its attachment to perform
optimally over an extended period of time.
Selection of the Optimal Attachment System
for Implant Overdentures
Attachment system selection depends on a
variety of factors that must be identified early
in the treatment sequence. These factors
include:
6
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6. Restorative space: Minimum restorative
space required for implant-supported
overdentures with locator attachments is
8.5mm vertically.29 Implant overdentures
supported by bar attachments require a
minimum of 12 to 14mm of vertical space.36
7. Ease of fabrication/repair: Removable
restorations supported by a bar are more
challenging to fabricate and repair than
removable restorations supported with
individual stud attachments.31,33,35
8. Opposing arch: It is necessary to identify
the opposing arch in the treatment
planning process. If a complete denture is
planned for the maxillary arch; it would be
advised to treatment plan the mandibular
implant overdenture with individual
stud attachments as opposed to a bar
attachment system to avoid excessive forces
on the maxillary denture.37
9. Economics: The cost of fabrication of
the bar attachments in contrast to stud
abutments will be much higher in most
instances.11,53 However, treatment options
should never solely be based on finances.

in case of complications. Screw loosening,
the requirement of sectioning and soldering
procedures, increased costs, greater complexity
of components and laboratory procedures,
increased chairside time, and compromised
esthetics, occlusion and porcelain strength
are the major disadvantages associated with
screw-retained prostheses.58-61 It is also difficult
to place a screw-retained restoration in a
patient’s mouth with a limited oral opening as
it may be challenging to insert the screwdriver
in the oral cavity.62

Mode of Retention of Fixed Implant
Prosthesis

The Locator F-Tx attachment system
(attachment system for fixed implantsupported prostheses) (Figure 8) has been
recently introduced by Zest Dental Solutions as
a solution to the disadvantages of both screw
and cement retention.68 F-Tx system eliminates
the use of screw access holes, cement, and
several difficult intraoral procedures.23,68 Unique
spherical abutment geometry allows denture
attachment housings (DAHs) of the F-Tx system
to pivot in any direction (angle correction) up

Cement-retained implant prostheses (Figure 7)
offer superior stability,63 occlusion, esthetics,
stronger implant prosthetic connection,
and improved force transmission compared
to screw-retained implant prostheses.58,59
Extrusion of the excess cement into the periimplant sulcus (which may be difficult to
recognize and remove) is one of the major
drawbacks of a cement-retained prosthesis.58,64
Several techniques have been reported that aid
in preventing/decreasing the flow of cement
into the subgingival sulcus.64-67

Fixed dental implant-supported prostheses
may be either cement-retained or screwretained. Screw-retained prostheses (Figure 6)
are retrievable and require lesser vertical
restorative space compared to cementretained prostheses.58,59 Retrievability enables
better hygiene maintenance of the prosthesis,
the implants, and the surrounding mucosa60
and easier management of the restorations

Figure 6. Screw-retained prosthesis.
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Figure 7. Cement-retained prosthesis.
Picture courtesy of Dr. Wicks

Figure 8. Locator F-Tx attachment system.
Picture courtesy of Dr. Massad

Diagnosis and Treatment Planning for
Implant Prostheses

to 20 degrees. The F-Tx Denture Attachment
Housings (DAHs) are picked up in the
prosthesis via a chairside pick-up procedure
similar to that used for the conventional
locator attachment system.68

Treatment Prosthesis
Prior to planning implant restorations, it is
critical to assess the medical and dental history
and ensure that there are no contraindications
to the placement of dental implants. For any
implant restoration to be successful, it is critical
to plan and place implants accurately.69,70 Ideally
a treatment prosthesis should be fabricated for
every patient. This prosthesis helps the dentist
gauge the restorative space (Figure 9), the
lip support, phonetics, OVD, the relationship
between the edentulous ridge and the
intended position of the prosthetic teeth, the
intended design of the definitive restoration,
esthetics and expectations of the patient. The
restorative dentist should decide the type and

Fixation by revolutionary “snap-in” feature;
angulation correction up to 20°from the
vertical; stress-free passive fit; decreased
requirement of vertical restorative space
(9-12mm); improved esthetics; and higher
patient comfort and satisfaction are the listed
advantages of the F-Tx attachment system.68
The F-Tx attachment is contraindicated for
single-tooth restorations, unilateral partial fixed
implant prostheses, implants with divergence
greater than 20° or where a resilient
connection is required.68
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Figure 9. Boley gauge used to evaluate the vertical restorative
space at the location of the right first premolar.

Figure 10. Fiduciary markers incorporated in the treatment prosthesis.

the design of the prosthesis before implant
placement. If the patient is satisfied with the
treatment prosthesis, it can be converted
into a radiographic guide (by adding fiduciary
markers or painting radiopaque ink) (Figure 10)
and used to plan implant positions and
angulations based on the intended position of
the prosthetic teeth.70

guide itself. Using the implant planning
software, the raw data is converted into
DICOM (Digital Imaging and Communications
in Medicine) data and the data from the two
scans is combined into one to treatment
plan the implants in relation to the bone
and prosthesis. This has helped change the
osseous-driven approach to a combination of
osseous- and prosthetic-driven approach for
implant placement.70-73

CBCT Assisted Implant Planning
It is beneficial to plan implants using the data
generated from 3-dimensional (3-D) Cone
beam computed tomography (CBCT) scans and
guided implant planning software.70-72 Usually
two CBCT scans are made (Dual scan protocol).
The first scan is made of the patient with the
radiographic guide placed in the oral cavity,
and the other scan is made of the radiographic

The planning and placement of the implants
should vary depending on the design of
the prosthesis. For an implant-supported
removable restoration, the long axis of the
implants should emerge from the lingual
aspect of the prosthetic teeth since it is the
bulkiest part of the prosthesis. For a fixed
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implant restoration, the implants should
emerge (the long axis of the implant) through
the center of the prosthetic teeth. Implants
should be planned such that they are parallel
to each other and perpendicular to the occlusal
plane (Figure 11).
The anteroposterior (A-P) spread is the
mesiodistal distance between the posterior
edges of the distal implants and the midpoint
of the most anterior implant in an arch.74,75 An
A-P spread that minimizes the distal cantilevers
and establishes stability may contribute to
implant and prosthesis success.74,75 Hence, it
is recommended to maximize the A-P spread
of implants.74,75 When adequate A-P spread
of the implants cannot be achieved (due
to inadequate bone) implants can be tilted
posteriorly to optimize the A-P spread. Multiunit angle correction abutments can be used to
correct the angulation of the tilted implants.

Figure 11. Implants planned parallel to
each other.

A minimum of 4 and 6 implants are required
for a maxillary removable and a fixed implant
prosthesis, respectively. A minimum of 1 (or 2)
and 4 implants (with a good anteroposterior
spread) are required for mandibular removable
and fixed implant prosthesis, respectively.
Incorporating additional implant/s than the
bare minimum requirement is advantageous
as it aids in providing extra support and also
prevents the need for a subsequent surgical
procedure if an implant is lost.
Another factor that must be evaluated during
implant planning is the available vertical
restorative space.28,29 Vertical restorative
space can be calculated on the CBCT scan
by measuring the distance between the
platform of the planned implant and the
occlusal surface of the prosthetic tooth
(Figure 12).29 Fabrication of a prosthesis in
the presence of inadequate restorative space
may lead to physiologically inappropriate
contours, structurally weak prostheses,
esthetic compromise, encroachment into
freeway space, and/or suboptimal retention
and stability of the treatment result.28,29 When
the restorative space is inadequate, clinical
procedures may be implemented to improve
vertical space availability. These procedures
include alveoloplasty, intentional increase

Figure 12. Vertical restorative space
calculated on the CBCT cross-sectional
image.

in OVD, occlusal plane repositioning, and
management of attachment selection.28 These
procedures should be implemented prior to
implant placement when treatment options are
being considered.28
Surgical Guide and Guided Surgery
Anchor pins may be planned to help stabilize
the surgical guide during the osteotomy
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Figure 14. Implants placed through the 3D
surgical guide.

Figure 13. 3D surgical guide.

Note: The implant placement through the
guide is exactly as planned in the software.
It is so accurate that a cast may be retro
engineered using the surgical guide and a
transitional restoration can be fabricated on
the cast prior to the placement of implants. If
a transitional fixed restoration (pre-fabricated
by the laboratory) is planned, the prosthesis
is adjusted, the temporary abutment cylinders
are picked up clinically, the prosthesis is
finished and polished, screws are tightened
and screw access holes are plugged with Teflon
tape and sealed with composite resin.

procedures. Combining the CAD/CAM
technique, digital implant planning can be
applied to clinical practice using 3-D surgical
guides.71-73 Once the plan has been approved
the CAD (computer-assisted design) files may
be sent to the 3D surgical guide manufacturer
for the fabrication of the 3D surgical guide
(Figure 13).
The surgical guide should be tried in the mouth
and adjusted to ensure that it completely
seats in the mouth. The osteotomy, as well
as implant placement, can be accomplished
through the 3D guide following the
manufacturers’ recommended protocol
(Figure 14). The surgical guide directs the
osteotomies and placement of implants in the
X, Y, and Z-axis. Following implant placement,
cover screws (requires second-stage surgery)
or healing abutments may be attached to the
implants. At this time, the treatment denture
may be adjusted as needed and then relined
with a soft lining material.

Summary

Comprehensive diagnosis and thorough
treatment planning are prerequisites to
achieving successful implant rehabilitation.
Information gathered during diagnosis can
seamlessly influence surgical decision making,
implant placement, choice of prosthesis and
attachments, and the design of a definitive
prosthesis.
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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/en-us/professional-education/ce-courses/ce612/test
1.

Selection of the attachment system for implant overdentures should be based on all of
the following factors EXCEPT one. Which one is this exception?
A. Oral hygiene
B. Retrievability
C. Desire for cross arch stabilization
D. Trajectory and position of implants

2.

All of the following are advantages of cement-retained fixed implant prosthesis EXCEPT
one. Which one is this exception?
A. Esthetics
B. Ease of repair
C. Stability
D. Occlusion

3.

Which attachment system has the lowest vertical profile?
A. Locator
B. Ball
C. Mini ERA
D. Magnets

4.

The F-Tx and the R-Tx locator attachment system can be used for retaining and
supporting implant overdentures. The technique of incorporating the locator F-Tx
denture attachment housing in a prosthesis is similar to that used for the conventional
locator.
A. Both the statements are true.
B. Both the statements are false.
C. The first statement is true. The second statement is false.
D. The first statement is false. The second statement is true.

5.

Surgical guides can direct placement of implants in x, y and x axis.
A. True
B. False

6.

If a complete denture is planned for the maxillary arch which of the following prosthesis
would be the optimal choice for the mandibular arch in a patient with Class III jaw
relationship?
A. Fixed cement retained all ceramic implant prosthesis
B. Fixed screw retained porcelain fused to metal implant prosthesis
C. Implant over denture supported with stud attachments
D. Implant overdenture supported by a bar

7.

Which of the following CANNOT be used to correct the implant angulation?
A. Multi-unit abutment
B. Locator F-Tx
C. Locator R-Tx
D. Stock abutment
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8.

Full arch implant supported fixed restorations may be retained by all of the following
EXCEPT one. Which one is this exception?
A. Cement
B. Locator F-Tx
C. Locator
D. Screw

9.

When the restorative space is inadequate clinical procedures may be implemented to
improve vertical space availability. These procedures include all of the following EXCEPT
one. Which one is this exception?
A. Alveoloplasty
B. Intentional increase in occlusal vertical dimension
C. Intentional increase in rest vertical dimension
D. Occlusal plane repositioning

10. Design of the prosthesis should be determined after the placement and healing of
implants. Removable implant prostheses generally require more restorative space than
fixed implant restorations.
A. Both the statements are true.
B. Both the statements are false.
C. The first statement is true. The second statement is false.
D. The first statement is false. The second statement is true.
11. Bars are usually planned to accommodate parallel implant trajectories. Bars provide
excellent stabilization, retention and force distribution.
A. Both the statements are true.
B. Both the statements are false.
C. The first statement is true. The second statement is false.
D. The first statement is false. The second statement is true.
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