

























































































Chapter 2: Implants and Implant Restorative Components

INTRODUCTION

Dental implant treatment requires a different, precise termi-
nology that is unique to implant dentistry. Clinicians must
learn the proper terms for implants and implant restorative
components to facilitate communication among the mem-
bers of the implant team: surgeons, restorative dentists,
dental laboratory technicians, third-party payers, patients,
and implant manufacturers.

All of the implants illustrated in this textbook have been
manufactured by Implant Innovations, Inc.®, Palm Beach
Gardens, Florida. The internal connection implants are
trademarked as OSSEOTITE® Certain® Implants. The
external connection implants have been trademarked as
OSSEOTITE® Implants.

IMPLANTS

Implants are the components that are placed into patients’
bone with the intent of achieving osseointegration.
Osseointegration was originally defined by Branemark as
the direct structural and functional connection
between ordered, living bone and the surface of a load
carrying implant” (Branemark 1985). The surgical place-
ment of endosseous implants initiates a complex series of
biologic events associated with wound healing: inflamma-
tion, proliferation and maturation (Zoldos and Kent 1995).

Healing of bone and soft tissue around endosseous
implants is a dynamic process and is the result of numer-
ous factors, among them: surgical, atraumatic technique;
design of the osteotomy; host immune system; macro-
scopic and microscopic design of dental implants; fit of the
implant into the osteotomy; wound dehiscence; and load-
ing protocol. For optimal performance, dental implants
should have appropriate mechanical strength, biocompati-
bility, and biostability in humans (Cook and Kay 1987). Fur-
ther discussion of the biology of osseointegration is
beyond the scope of this textbook. The reader is referred to
other sources for further discussion.

Clinicians may choose implants from any number of manu-
facturers. Implants may be made from various materials,
but commercially pure titanium or titanium alloy have
enjoyed extraordinary clinical results. Dental implants
come in various sized diameters and lengths, with various
macroscopic thread designs, surface treatments, and
implant/abutment connections. This textbook features the
implants manufactured by 3i® Implant Innovations, Inc.®,
Palm Beach Gardens, Florida. All the catalogue numbers

Figure 2.1. Profile view of threaded 3i®, 40mm X 11.5mm
OSSEOTITE® Certain® implant (I0SS411).

Figure 2.2. Profile view of threaded 3/, 4.0 X 11.5 mm OSSEQTITE
external hex implant (OSS411).

Figure 2.3. Profile view of OSSEOTITE® external hex implant. Vertical
measurement of external hex measures 0.7 mm. (4.1 mm restorative
platform left; 5.0 mm restorative platform right).

Figure 2.4. Apical view of pre-machined abutment with a 4.1 mm
restorative platform. Flat surface to flat surface of the hex measures 2.7
mm. Microstops (Gold Standard ZR®) have been machined into the cor-
ners of the hex in UCLA Abutments and GingiHue® Posts.

and implant and restorative components refer to products
made by 3i®.

Dental implants manufactured by 3i® have threaded exter-
nal surfaces for both the tapered and cylindrical implant
designs (Figures 2.1, 2.2) The original external hex implant
design consisted of a six-sided hex .7 mm tall; a flat-to-flat
surface measurement of 2.7 mm; and a restorative plat-
form that measured 4.1 mm (Figures 2.3, 2.4). Dental

17



Figure 2.5. Profile view of 3.25 mm diameter internal connection
implant. This implant expands to a 3.4 mm restorative platform
(IOSM311).

Figure 2.6. Profile view of 4.0 mm diameter internal connection
implant. This implant expands to a 4.1 mm restorative platform
(I0SS411).

Figure 2.7. Profile view of 5.0 mm diameter internal connection implant
(INT511).
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Figure 2.8. Profile view of 6.0 mm diameter internal connection implant
(INT611).

TABLE 2.1. Implant Lengths and Catalogue Numbers
(4 mm Diameter) for OSSEOTITE® Certain® Implants

OSSEOTITE® OSSEOTITE®
Length Certain® Certain® NT
(mm) Implants Implants
8.5 10SS485 INT485
10.0 I0SS410 INT410
115 I0SS411 INT411
13.0 10SS413 INT413
15.0 I0SS415 INT415
18.0 10SS418 N/A
20.0 10SS420 N/A

Figure 2.9. Clinical photograph of a broken abutment screw inside an
external hexed implant.

implants are available in multiple diameters: 3.4, 4.0, 5.0,
and 6.0 mm (Figures 2.5, 2.6, 2.7, 2.8).

Increasing the length of dental implants will also increase
the amount of bone in contact with dental implants. Dental
implants are generally made in increments of approxi-
mately 2 mm (Table 2.1).

IMPLANT/ABUTMENT CONNECTIONS

Osseointegration of dental implants has proven to be pre-
dictable in clinical practice (Adell and Lekholm 1981,
Davarpanah 2001). The original design for implant restora-



tions per the Branemark protocol called for screw-retained
prostheses. It was not unusual for these restorations to
become loose secondary to screw loosening or screw frac-
ture (McGlumphy and Huseyin 1995; Jemt and Lacey
1991). However, there have been more recent reports that
have demonstrated a decreased number of screw failures
for implant-retained restorations (Zarb and Schmitt 1990;
Levine and Clem 1999).

Mollersten and others reported on the effect of
implant/abutment joints on the strength and failure modes
of implants from several different implant manufacturers
(Mollersten and Lockowandt 1997). They found that the
strength of the implant/abutment connections varied signif-
icantly depending on the length or depth of the connec-
tions. Low joint depths or lengths (<2.3 mm) were corre-
lated with failures at lower forces; large/thicker joint depths
(>5 mm) were correlated (r = 0.959) with failures at higher
levels. The lowest failure was measured at 138 N for a con-
nection that was 0.8 mm long. The highest failure was
recorded at 693 N for a connection that measured 6.0 mm
in length.

EXTERNAL IMPLANT/ABUTMENT
CONNECTIONS

The original Branemark protocol called for the placement
of several external hexed implants for restoration of eden-
tulous jaws. The implants were rigidly splinted together
with metal castings attached to the implant abutments with
retaining screws. The external hex of the original implants
was designed to drive implants into their respective
osteotomies (Beaty 1994). It was not designed as an anti-
rotation component for single-unit implant restorations. The
external hex measured 0.7 mm in height and was not
designed to withstand masticatory forces on single, screw-
retained crowns (Binon 1995; Jemt 1993).

Implant manufacturers compensated for this design by
changing the type of screw used for attaching abutments
to implants—geometry, height, and surface area; improved
machining between implants and implant restorative com-
ponents; and application of appropriate torque to the
screws (Finger and Castellon 2003). The goals of any mod-
ification in the original external hex designs were to im-
prove the stability of the implant/abutment connection on a
long-term basis. According to Finger and Castellon, there
are at least 20 different implant/abutment connection
designs that have been approved by the Food and Drug
Administration for sale in the United States (Finger and
Castellon 2003).

Clinical success with external hexed implants is depend-
ent on precise machining between implants and implant
restorative components and the stability of screw joints.
Screw joints are found wherever two implant components

are tightened or held in place by screws. The screw joint
will fail (the screw will loosen) if outside forces are greater
than the ability of the screw to keep the units tight.
Forces attempting to disengage the screw joint are called
joint separating forces. Those forces attempting to keep
the joint together are called clamping forces. There are
two primary factors involved in maintaining screw joints:
maximum clamping forces and minimal separation
forces.

In any external hex implant system, the screw joint in-
cludes the abutment, abutment screw, and implant. As the
abutment screw is tightened or torqued, a compressive
clamping force is generated between the abutment and
implant. An equal, but opposite, tensile force is generated
between the abutment screw and abutment. This force is
referred to as the joint preload, or simply preload (Sak-
aguchi and Sun 1994). Schulte (1994) measured the exter-
nal hex dimensions of six implant systems and obtained
the ranges and coefficients of variance. Smaller ranges
and variances suggested more accurate machining and
better quality control. The ranges for the widths of the
external hexes for all companies were 0.00030 for 3i® to
0.00140 for Nobelpharma. Schulte concluded that there
were differences in quality control among the various
implant systems as determined by the external hex mea-
surements, but that larger sample sizes and different
batches may make a difference in the results.

Torque may be defined as a measurable means of devel-
oping tension in a screw joint. Tightening involves the
application of torque. Every screw design has a specific
preload/torque relationship depending on the material
used in the screw and the design of the screw head.

Preload is induced into the abutment screw when the
screw is torqued during tightening. Preload keeps the
abutment and implant together by producing a clamping
force between the screw head and its seat inside the abut-
ment. As torque is applied to the abutment screw, the abut-
ment screw actually elongates, which places the screw
shank and screw threads in tension. The elastic recovery of
the screw actually creates the clamping force between the
abutment and implant. This concept is of great clinical sig-
nificance because the resistance of the abutment to dis-
placement or screw joint failure is a function of preload or
the clamping forces between the abutment and implant
(Figure 2.9).

Within the last several years, implant manufacturers have
introduced prefabricated or machined abutments that
were designed for use with cement-retained crowns (Keith
and Miller 1999). Cement-retained crowns have several
advantages over screw-retained crowns. The most impor-
tant is that there is no longer a need to develop a screw
access opening in the occlusal or facial surface of the
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Figure 2.10. Facial view of an implant cement-retained crown replacing
the maxillary left lateral incisor.

Figure 2.11. Occlusal view of the implant cement-retained crown in
Figure 2.10. Note the lack of a screw access opening on the palatal
surface.

implant crown restoration (Figures 2.10, 2.11). However,
cement-retained crowns are not as retrievable as screw-
retained crowns in the event that the abutment and/or
crown have to be repaired (Figures 2.12, 2.13). One survey
of commercial dental laboratories suggested that the num-
ber of screw-retained restorations was decreasing (Marin-
bach 1996).

One of the keys to successful long-term implant restora-
tions is the stability of the implant/abutment connection.
Rodkey (1977) pointed out that the type of finish on screws
could have a significant effect on the tension induced by a
given torque. Implant manufacturers have altered the
materials in the screws as well as the surface of abutment
screws in an attempt to prevent or minimize screw loosen-
ing (Robb and Porter 1998; Porter and Robb 1998; Steri-
Oss 1968). Martin and Woody (2001) tested the rotational
angles in implant/abutment connections with various abut-
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Figure 2.12. Facial view of an implant screw-retained fixed partial den-
ture (inserted 1992) replacing the maxillary incisors.

Figure 2.13. Occlusal view of the implant screw-retained fixed partial
denture in Figure 2.12. Note that the screw access openings provide
access to the abutment screws without interfering with the facial aes-
thetics of the prosthesis.

ment screws and preloads. They found that the abutment
screws with enhanced surfaces reduced the coefficient of
friction and produced greater rotational angles and pre-
load values than screws made from conventional gold and
titanium alloys.

In review, external implant/abutment connections have
proven to be successful in clinical use (Drago 2003; Eckert
and Wollan 1998). This connection has a long, successful
history in clinical implant dentistry and is still a viable
choice for clinicians. This textbook features implant
restorations utilizing the external hex implant/abutment
connection of the OSSEOTITE® Implant System and the
internal implant/abutment connection of the OSSEOTITE®
Certain® implant system.

INTERNAL IMPLANT/ABUTMENT
CONNECTIONS

One of the first internal implant/abutment connections was
designed with a 1.7 mm internal hex below a 0.5 mm wide
45° bevel (Niznick 1983). This system was designed to dis-
tribute masticatory forces deeper within the implant, which
would protect the abutment screw from excess occlusal



Figure 2.14. Cross section diagram of OSSEOTITE® Certain® implant
illustrating 4 mm length of internal connection.

loading. This internal implant/abutment connection pro-
vided greater strength to the implant/abutment joint
(Niznick 1991) when compared to the strengths of external
hex implant/abutment connections.

The OSSEOTITE® Certain® implant internal connection is 4
mm long (Figure 2.14). These connections also feature inti-
mate contact along a significant length of the connection
that provides increased lateral stability to the implant/abut-
ment connection (Niznick 1991; Mollersten and Lock-
owandt 1997).

Laboratory testing has demonstrated that the internal con-
nection implant/abutment connection is stronger than the
external hex implant/abutment connection (Implant Innova-
tions 2003). The testing was conducted by placing 30°
static loads to abutments connected to their respective
implants with abutment screws torqued to a known level of
preload. The internal connection implant/abutment con-
nections failed at 767 Ncm of force. The external hex
implant/abutment connections failed at 648 Ncm. It is
important to note that the abutment screw for the internal
connection was a hexed abutment screw tightened to 20
Ncm of preload. The external implant/abutment connection
was maintained with square abutment screws torqued to
35 Ncm of preload (Table 2.2).

The OSSEOTITE® Certain® implant system features several
design changes that should facilitate predictable restor-
able treatment. The hexed abutment screw measures 1.95
mm from the occlusal aspect of the screw to the screw
seating surface (Figure 2.15). This allows clinicians and
laboratory technicians great flexibility in abutment prepara-
tion, decreasing the risk of abutment wall fracture or fenes-
tration (Figure 2.16). The long implant/abutment connection

TABLE 2.2. Force Required to Break Implant/Abutment
Connections

Force (Ncm) to
Break Implant/

Implant/Abutment Abutment

Connection Connection

Internal connection-abutment 774.7 Ncm
screw torqued to 35 Ncm

Internal connection-abutment 767.1 Ncm
screw torqued to 20 Ncm

External connection-abutment 648.4 Ncm
screw torqued to 35 Ncm

Internal connection-no screw 519.9 Ncm

Figure 2.15. Cross-section of an abutment screw (IUNIHG) for the
OSSEOTITE® Certain® implant illustrating height of hex abutment
SCrew.

Figure 2.16. Cross-section of GingiHue® Post (OSSEOTITE® Certain®
Implant System) demonstrating sufficient axial wall
thickness for preparation.
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Figure 2.17. Pick-up implant impression coping (OSSEOTITE®
Certain® Implant System, I1IC12). This impression coping features a 4
mm connection that allows clinicians to positively seat the coping into
the implant with little risk of inaccurate seating.

allows clinicians to positively seat impression copings and
abutments into their appropriate positions (Figure 2.17).
This internal connection also features audible and tactile
feedback (QuickSeat™ Connection) during abutment and
impression coping insertion by way of a “click” associated
with flexure of fingers at the apical ends of the restorative
components (Figure 2.18). The connection also features a
6/12 internal connection that has a hex and 12-point dou-
ble hex. The hex serves two functions: It engages the
driver tip for mountless delivery during implant placement
and it provides anti-rotation for all straight abutments. The
12-point double hex provides rotational positioning every
30° for the 15° Pre-angled GingiHue® Post (Figure 2.19).

Several impression techniques have been described that
provide accurate casts for development of implant frame-
works (Sutherland and Hallam 1990; Loos 1986; Taylor
1990). Vigolo and Fonzi (2004) studied the accuracy of
implant impression techniques with the OSSEOTITE® Cer-
tain® implant system. They found that improved accuracy
of the master cast was achieved when the square, pick-up
implant impression copings were joined together with
autopolymerizing acrylic resin for multiple, splinted implant
restorations.

HEALING ABUTMENTS
EPP Healing Abutments

Originally, abutments and gold cylinders were designed for
use in edentulous patients. Clinicians were frustrated with
the limitations of the components to provide aesthetic,
natural-looking implant restorations (Jansen, 1995). Most
implant components were 4-5 mm in diameter; many teeth
were larger than the components. A maxillary central inci-
sor generally has a CEJ diameter between 6 and 8 mm
(Linek 1949). With the original components there were sev-
eral millimeters difference in size between the implant
components and maxillary central incisors. Laboratory
technicians were asked to make implant restorations with
natural contours and in many cases had to add ridge laps
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Figure 2.18. Pick-up implant impression coping (OSSEOTITE®
Certain® Implant System, 111IC12) with four fingers at the apical end of
the coping that provide an audible click when seated into an implant or
implant analog.

Figure 2.19. Occlusal view of OSSEOTITE® Certain® Implant System
internal connection. The 12-point double hex is apical to the hex at the
occlusal portion of the implant.

to the restorations to mimic the contours of the adjacent
natural teeth.

An implant abutment emergence profile similar to that of a
natural tooth is required to support and contour the peri-
implant soft tissues (Saadoun 1995). The cylindrical
shapes of the implants must be changed to more anatomi-
cally correct cross sections by the time the implant restora-
tions reach the gingival margins, reflecting the root struc-
ture of the teeth being replaced (Weisgold and Arnoux
1997). Lazzara considered dimensions and contours of
implant-retained crown restorations and the stability of the
gingival margins surrounding implant restorations to be the
two primary concerns in assuring durable aesthetics in
implant restorations (Lazzara 1993).

EP® Healing Abutments were designed as part of The
Emergence Profile System® to guide soft tissue healing
after implant placement in single-stage surgical protocols
or after implants had been uncovered in two-stage surgical
protocols (Implant Innovations 1993) (Figures 2.20, 2.21,
2.22). They are available for all implant restorative plat-
forms. EP® Healing Abutments were designed with collar
heights between 2 and 8 mm and 3.4, 4.1, 5, 6, and 7.5
mm diameters (Figure 2.23) (Table 2.3 through 2.6).



Figure 2.20. Five mm EP® Healing Abutment (ITHA54) for 4.1 mm
diameter internal connection implant. The apical portion of the healing
abutment has been color coded blue for 4.1 mm diameter implants

Figure 2.21. Five mm EP® Healing Abutment (IWTH54) for 5.0 mm
diameter internal connection implant. The apical portion of the healing
abutment has been color coded gold for 5.0 mm diameter implants

Figure 2.22. Six mm EP® Healing Abutment (IWTH64) for 6.0 mm
diameter internal connection implant. The apical portion of the healing
abutment has been color coded green for 6.0 mm diameter implants

Figure 2.23. Profile view of EP® Healing Abutments for OSSEOTITE® Certain® 5.0 mm implants: 5, 6 and
7.5 mm diameters (left to right). Similar healing abutments are also available for the other implant diameters.

TABLE 2.3. Catalogue Numbers for EP® Healing Abut-
ments for 3.4 mm Diameter OSSEOTITE® Certain®

Implants

Emergence Collar Catalogue
Profile Height Numbers
3.8 mm 2.0 mm IMHA32
3.8 mm 3.0 mm IMHA33
3.8 mm 4.0 mm IMHA34
3.8 mm 6.0 mm IMHA36

TABLE 2.4. Catalogue Numbers for EP® Healing Abut-
ments for 4.1 mm Diameter OSSEOTITE® Certain®

Implants
Emergence Collar Catalogue
Profile Height Numbers
4.1 mm 2.0 mm ITHA42
4.1 mm 3.0 mm ITHA43
4.1 mm 4.0 mm ITHA44
4.1 mm 6.0 mm ITHA46
4.1 mm 8.0 mm ITHA48
5.0 mm 2.0 mm ITHA52
5.0 mm 3.0 mm ITHA53
5.0 mm 4.0 mm ITHA54
5.0 mm 6.0 mm ITHA56
5.0 mm 8.0 mm ITHA58
6.0 mm 3.0 mm ITHAB3
6.0 mm 4.0 mm ITHAG4
6.0 mm 6.0 mm ITHAGG
6.0 mm 8.0 mm ITHAGS
7.5 mm 3.0 mm ITHA73
7.5 mm 4.0 mm ITHA74
7.5 mm 6.0 mm ITHA76
7.5 mm 8.0 mm ITHA78
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TABLE 2.5. Catalogue Numbers for EP® Healing Abut-
ments for 5.0 mm Diameter OSSEOTITE® Certain®
Implants

TABLE 2.6. Catalogue Numbers for EP® Healing Abut-
ments for 6.0 mm Diameter OSSEOTITE® Certain®
Implants

Emergence Collar Catalogue Emergence Collar Catalogue
Profile Height Numbers Profile Height Numbers
5.0 mm 2.0 mm IWTH52 6.0 mm 2.0 mm IWTHG62
5.0 mm 3.0 mm IWTH53 6.0 mm 3.0 mm IWTHG3
5.0 mm 4.0 mm IWTH54 6.0 mm 4.0 mm IWTH64
5.0 mm 6.0 mm IWTH56 6.0 mm 6.0 mm IWTHG6
5.0 mm 8.0 mm IWTH58 6.0 mm 8.0 mm IWTHG8
6.0 mm 2.0 mm IWTH562 7.5 mm 2.0 mm IWTHG672
6.0 mm 3.0 mm IWTH563 7.5 mm 3.0 mm IWTH673
6.0 mm 4.0 mm IWTH564 7.5 mm 4.0 mm IWTH674
6.0 mm 6.0 mm IWTH566 7.5 mm 6.0 mm IWTH676
6.0 mm 8.0 mm IWTH568 7.5 mm 8.0 mm IWTHG678
7.5 mm 2.0 mm IWTH572
7.5 mm 3.0 mm IWTH573
7.5 mm 4.0 mm IWTH574
7.5 mm 6.0 mm IWTH576
7.5 mm 8.0 mm IWTH578

EP® Healing Abutments are one part of the EP® Emer-
gence Profile System that was developed by 3i® to opti-
mize the gingival contours of implant restorations with
stock restorative components (Figure 2.24). In the past, the
sub-gingival contours of implant restorations were left to
dental laboratory technicians working on stone casts (Fig-
ure 2.25). Clinicians and patients both expect optimal aes-
thetics and in some cases prior to development of the EP®
System, implant restorations were made with ridge lap
contours to simulate the gingival margins of natural teeth
(Figure 2.26).

In other instances, implant-retained restorations were made
from cylindrical abutments and gold cylinders that had
straight emergence profiles (Figure 2.27, 2.28). The sub-
gingival contours for this implant-retained restoration were
improved by removing the standard abutment and placing
the appropriate healing abutment (THA464, 4.1 mm implant
restorative platform, 6 mm EP® diameter, 4 mm height) for
soft tissue healing. The definitive crown was cemented to
a prefabricated titanium abutment (GingiHue® Post,
APP464G) that was prepared in the laboratory (Figures
2.29,2.30, 2.31).
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Figure 2.24. 7.5 mm EP® diameter healing abutment (THA74) adjacent
to a maxillary central incisor. Note the similarities in the diameters of the
abutment and tooth at the CEJ.

Figure 2.25. Laboratory view of a screw-retained crown that was fabri-
cated to replace a maxillary right cuspid. Note the ridge lap that was
developed in the porcelain to simulate the gingival margin of the missing
natural tooth.



Figure 2.29. Lingual occlusal view with healing abutment (THA46) in
place. Optimal sub-gingival contours were established by placing the

Figure 2.26. Clinical view of the screw-retained crown in place featured ~ @ppropriate size healing abutment consistent with the size of the miss-
in Figure 2.25. Due to the ridge lap design, the gingival contours of the ing tooth.

implant restoration mimic the clinical crown heights of the adjacent nat-

ural teeth.

Figure 2.30. Buccal view of pre-machined titanium abutment

(APP464G) in place. Emergence profiles were established by the
Figure 2.27. Clinical view of a screw-retained crown replacing the healing abutment.

mandibular left first molar. The metal coping was cast to a machined
gold cylinder that was screwed into a standard abutment.

Figure 2.28. Laboratory view of the crown in Figure 2.27. The sub-
gingival contours were established by the contours of the standard
abutment. Figure 2.31. Lingual view of definitive crown in place.
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Encode™ Healing Abutments

The Encode™ Restorative System has recently been intro-
duced by 3i® (2004). Encode™ Healing Abutments were
designed as two-piece components: abutment screws
and healing abutments. They are available for both
OSSEOTITE® and OSSEOTITE® Certain® implant sys-
tems in sizes consistent with the EP® System (Tables 2.7,
2.8, 2.9, 2.10)(Figures 2.32, 2.33). Encode Healing Abut-

ments have codes embedded into the occlusal surfaces
that allow development of patient specific abutments
through CAD/CAM technology. The codes provide informa-
tion to a computer relative to the hex position, implant
restorative platform, and diameter and collar heights of the
Encode Healing Abutments. Encode Healing Abutments
will be selected for use by clinicians based on the same
criteria already in use with conventional healing abutments
(Figures 2.34 and 2.35).

TABLE 2.7. Catalogue Numbers for Encode Healing Abutments for 3.4 mm
Diameter Seating Surfaces OSSEOTITE® Certain® and OSSEOTITE® Implant

Systems

Emergence Collar Height OSSEOTITE® OSSEOTITE®

Profile (mm) (mm) Certain® Implants Implants
3.8 3 IEHA343 EHA343
3.8 4 IEHA344 EHA344
3.8 6 IEHA346 EHA346
3.8 8 IEHA348 EHA348
3.8 3 IEHA353 EHA353
3.8 4 IEHA354 EHA354
3.8 6 IEHA356 EHA356
3.8 8 IEHA358 EHA358

TABLE 2.8. Catalogue Numbers for Encode Healing Abutments for 4.1 mm
Diameter Seating Surfaces OSSEOTITE® Certain® and OSSEOTITE® Implant

Systems
OSSEOTITE®

Emergence Collar Height Certain® OSSEOTITE®

Profile (mm) (mm) Implants Implants
41 3.0 IEHA443 EHA443
41 4.0 IEHA444 EHA444
41 6.0 IEHA446 EHA446
41 8.0 IEHA448 EHA448
5.0 3.0 IEHA453 EHA453
5.0 4.0 IEHA454 EHA454
5.0 6.0 IEHA456 EHA456
5.0 8.0 IEHA458 EHA458
6.0 3.0 IEHA463 EHA463
6.0 4.0 IEHA464 EHA464
6.0 6.0 IEHA466 EHA466
6.0 8.0 IEHA468 EHA468
7.5 3.0 IEHA473 EHA473
7.5 4.0 IEHA474 EHA474
7.5 6.0 IEHA476 EHA476
7.5 8.0 IEHA478 EHA478
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TABLE 2.9. Catalogue Numbers for Encode Healing Abutments for 5.0 mm
Diameter Seating Surfaces OSSEOTITE® Certain® and OSSEOTITE® Implant

Systems
OSSEOTITE®

Emergence Collar Height Certain® OSSEOTITE®

Profile (mm) (mm) Implants Implants
5.0 3.0 IEHA553 EHA553
5.0 4.0 IEHA554 EHA554
5.0 6.0 IEHA556 EHA556
5.0 8.0 IEHA558 EHA558
6.0 3.0 IEHA563 EHA563
6.0 4.0 IEHA564 EHA564
6.0 6.0 IEHA566 EHA566
6.0 8.0 IEHA568 EHA568
7.5 3.0 IEHA573 EHA573
7.5 4.0 IEHA574 EHA574
7.5 6.0 IEHA476 EHA576
7.5 8.0 IEHA578 EHA578

TABLE 2.10. Catalogue Numbers for Encode Healing Abutments for 6.0 mm
Diameter Seating Surfaces OSSEOTITE® Certain® and OSSEOTITE® Implant

Systems
OSSEOTITE®
Emergence Collar Height Certain® OSSEOTITE®
Profile (mm) (mm) Implants Implants
6.0 3.0 IEHA663 EHA663
6.0 4.0 IEHAG64 EHA664
6.0 6.0 IEHA666 EHA666
6.0 8.0 IEHAG68 EHAG668
7.5 3.0 IEHA673 EHA673
7.5 4.0 IEHA674 EHAG674
7.5 6.0 IEHA676 EHAG676
7.5 8.0 IEHA678 EHAG678
Figure 2.32. Profile views of Encode™ Healing Abutments: 5, 6, and Figure 2.33. Occlusal view of Encode™ Healing Abutments for the
7.5 mm diameters, 4 mm collar heights for the OSSEOTITE® Implant OSSEOTITE® Certain® Implant System (4.1 mm diameter): 5, 6, and
System (4.1 mm diameter; THA54, THA64, THA74, respectively). 7.5 mm diameters (IEHA454, IEHA464, IEHAA474, respectively).
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Figure 2.34. Occlusal view of Encode™ Healing Abutment (IEHA464)
in place 12 weeks post implant placement for a missing mandibular left
second premolar. An optical scanner will read the codes embedded into
the occlusal surface of a die of the healing abutment.

Figure 2.35. Occlusal view of Encode™ Healing Abutments in place
12 weeks post implant placement for missing right mandibular molar
and second premolar (IEHA454 anterior, IEHA564 posterior).

Figure 2.36. Top: Lateral view of EP® Healing Abutments for 5.0 mm
diameter OSSEOTITE® Certain® implants (5.6 and 7.5 mm diameters,

4 mm collar heights, IWTH54, INTH564, INTH574, left to right, respec-

tively). Bottom: Lateral view of pick-up implant impression copings for
5.0 mm diameter OSSEOTITE® Certain® implants (5, 6, and 7.5 mm
diameters; IWIP55, IWIP56, IWIP57, left to right, respectively).
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The Encode®™ Restorative System has multiple advantages
for both clinicians and dental laboratory technicians. Fur-
ther discussion is featured in Chapters 6 and 9.

IMPRESSION COPINGS
Implant Impression Copings

Definitive implant restorations are best made with indirect
techniques using fixed prosthodontic impression materials
and techniques. EP® impression copings that correspond
to the EP® Healing Abutments described above are avail-
able for implants and abutments (Figure 2.36). Impres-
sions can be made that exactly duplicate the clinical soft
tissue dimensions in the laboratory and result in crown
restorations with optimal emergence profiles made from
stock implant restorative components (Figure 2.37, 2.38).

Implant impression copings are placed directly onto the
implant restorative platforms; abutment impression cop-
ings are placed directly onto standard abutments that have
been placed onto implants (Tables 2.11, 2.12). With this
system, laboratory technicians do not have to arbitrarily
grind or remove material from the master cast to make
properly contoured restorations (Figures 2.39, 2.40).

The impression copings that were illustrated in this case
were pick-up implant impression copings. Pick-up impres-
sion copings require windows or openings in impression
trays in order for clinicians to access the screws that retain
the copings to the implants (Figures 2.41, 2.42). Twist
Lock™ implant impression copings are proprietary for
Implant Innovations, Inc.®’s trade name for transfer impres-
sion copings. Transfer impression copings remain in the
mouth after the impression has set and the impression tray
has been removed. Twist Lock™ implant impression cop-
ings are available for all implant restorative platforms
except for 3.4 mm diameters. They have also been
designed per the EP® System (Figure 2.43).



Figure 2.37. Occlusal view of two 4.1 mm and two 5.0 mm
OSSEOTITE® Certain® implants in place in the mandibular right
posterior quadrant. The emergence profiles were created by the
appropriate EP® Healing Abutments.

Figure 2.39. Occlusal view of master cast with four implant lab analogs
(1ILA20, lILAWS) in the mandibular right posterior quadrant. The healing
abutments placed at the time of implant placement generated the emer-
gence profiles.

Figure 2.40. Laboratory facial view of four implant-retained crowns
from Figure 2.39. Note that the surgeon generated the emergence pro-
files at the time of implant placement by placing the appropriate healing
abutments. The laboratory technician had only to follow those contours
to create the crowns.

Figure 2.38. Buccal view of crown restorations for the implants in
Figure 2.37.

TABLE 2.11. Implant Impression Copings for 3.4 and 4.1 mm Diameter OSSEOTITE® Certain® Implants

Implant Restorative Platforms (mm) 3.4 41 41 41 41
Emergence Profile (mm) 3.8 4.1 5.0 6.0 7.5
Pick Up Impression Copings IMIC33 Nnc41 mnc12 Nnceo MC75
Twist Lock™ Impression Coping N/A 1C44 111C45 11C46 nc47

TABLE 2.12. Implant Impression Copings for 5 mm and 6 mm Diameter OSSEOTITE® Certain® Implants

Implant Restorative Platforms (mm) 5.0 5.0 5.0 6.0 6.0
Emergence Profile (mm) 5.0 6.0 7.5 6.0 7.5
Pick Up Impression Copings IWIP55 IWIP56 IWIP57 IWIP66 IWIP67
Twist Lock™ Impression Coping IWIT55 IWIT56 IWIT57 IWIT66 IWIT67
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Figure 2.44. Profile view of Pick-Up Standard Abutment Impression
Coping for 4.1 and 5.0 implant restorative platforms (SQIC7).

Figure 2.41. Laboratory example of open face tray for implant impres-
sion of maxillary right cuspid, maxillary left lateral incisor, and maxillary
left cuspid.

Figure 2.45. Profile view of Twist Lock™ Standard Abutment Impres-
sion Coping for 4.1 and 5.0 implant restorative platforms (SIC70).

Figure 2.42. Clinical view of impression tray from Figure 2.41 in place.

The windows provided the clinician with access to the impression cop-

ing screws for loosening prior to removing the impression from the

mouth. The implant impression copings remained inside the impression.
Figure 2.46. Standard Abutment Pick-Up Impression Copings (SQIC7)
in place for a maxillary impression.

Figure 2.43. Profile view of Twist Lock™ Implant Impression Copings

for 5.0 mm diameter OSSEOTITE® Certain® implants: (5, 6, and

7.5 mm emergence profile diameters, IWIT55, INIT56, INIT57 left Figure 2.47. 10L® Pick-Up Impression Copings (IOLPIC) in place for a
to right). mandibular impression.
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TABLE 2.13. Standard Abutment Impression Copings
for 4.1 mm and 5 mm Diameter 3i® Implants

Implant Restorative Platform (mm) 4.1 5.0
Emergence Profile (mm) 4.5 4.5
Pick-Up Impression Coping SQIC7  SQIC7
Twist Lock™ Impression Coping SIC70 SIC70

TABLE 2.14. 10L® Abutment Impression Copings for
4.1 mm Diameter 3i® Implants

Implant Restorative Platform (mm) 4.1
Emergence Profile (mm) 4.5
Pick-Up Impression Coping IOLPIC
Twist Lock™ Impression Coping IOLTIC

Abutment Impression Copings

Impression copings are made for standard abutments.
Standard Abutments (AB200, AB300, AB400, AB550,
AB700) are the implant restorative components that attach
directly to implants with abutment screws. Standard Abut-
ments may be used for single- and multi-unit porcelain
restorations, implant-retained bars, and within castings for
hybrid prostheses. Abutment impression copings (Tables
2.13, 2.14) are available in both pick-up and transfer
designs (Figures 2.44, 2.45, 2.46, 2.47).

Abutments

3i® manufactures multiple abutments for use in edentulous
and partially edentulous patients. The following abutments
are discussed in this textbook:

. Standard Abutments

. LOCATOR® Abutments

. Immediate Occlusal Loading® (IOL®) Abutments
. GingiHue® Posts

. ZiReal™ Posts

. Provide™ Abutments

. UCLA Abutments

0 N O O B~ WN =

. Final Encode™ Abutments

Standard Abutments

Standard Abutments are generally used in edentulous
patients in which a traditional cast metal framework is used
to splint multiple implants together. These abutments
require a minimum inter-occlusal clearance of 6.5 mm and
a maximum divergence of 30°. Standard abutments have
been machined for 4.1 and 5.0 mm implant restorative
platforms for OSSEOTITE® Certain® and OSSEOTITE®
implant systems (Figure 2.48) (Table 2.15).

Figure 2.48. Profile view of 4.1 mm diameter OSSEOTITE® Certain®
Standard Abutments: IAB200, IAB300, IAB400, IAB550 (2, 3, 4, and 5.5
mm collar heights, left to right).

TABLE 2.15. Standard Abutment Catalogue Numbers
for OSSEOTITE® Certain® and OSSEOTITE® Implant
Systems

4.1 mm Implant Restorative Platforms

OSSEOTITE®
Collar Certain® OSSEOTITE®

Height (mm) Implants Implants

2.0 IAB200 AB200

3.0 IAB300 AB300

4.0 IAB400 AB400

5.5 IAB550 AB550

7.0 IAB700 AB700
5.0 mm Implant Restorative Platforms

2.0 N/A WAB200

3.0 N/A WAB300

4.0 N/A WAB400

5.5 N/A WAB550

Figure 2.49. Standard Abutments are sold in sterile packages with the
ASYST® placement system.

Standard Abutments are manufactured from commercially
pure titanium, packaged in sterile containers in a conven-
ient delivery system called ASYST® (Figure 2.49). In clini-
cal use, the abutment screws are generally torqued to 20
Nem.

LOCATOR® Overdenture Abutments

The LOCATOR® Abutment is ideal for mandibular tissue
supported overdentures on two to four implants. These
abutments are manufactured from titanium alloy with a
gold titanium nitride coating. The housings contained
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Figure 2.50. Profile view of LOCATOR® Abutments for OSSEOQTITE® Certain® implants: ILOA001, ILOA002,
ILOA003, ILOAQ04, ILOAQO5, ILOAQOS (1, 2, 3, 4, 5, and 6 mm collar heights, left to right).

TABLE 2.16. LOCATOR® Abutment Catalogue Numbers for OSSEOTITE® Certain® and
OSSEOTITE® Implant Systems

Implant Restorative Collar OSSEOTITE® OSSEOTITE®
Platform (mm) Height (mm) Certain® Implants Implants
4.1 1.0 ILOAOO1 LOAO001
4.1 2.0 ILOA002 LOA002
4.1 3.0 ILOA0O3 LOA003
4.1 4.0 ILOA004 LOA004
4.1 5.0 ILOA0O05 LOAO005
4.1 6.0 ILOA0O6 LOA006

Figure 2.51. Clinical view of two implants with LOCATOR® Abutment
Impression Copings (LAIC1) in place. The implants diverge from each
other by approximately 25° but were viable for use as overdenture

abutments.
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within the denture base are made from stainless steel.
They are available in multiple collar heights (Figure 2.50),
and the smallest LOCATOR® Abutment (ILOA001) is only
3.17 mm in total height (Figure 2.50) (Table 2.16).

It has been the author’s experience that patients have
demonstrated that they are better able to seat LOCATOR®
Abutments than other overdenture abutments even with
divergent implant placement. These abutments can be
used with nonparallel implant placement of up to 40° (Fig-
ure 2.51).

Immediate Occlusal Loading® (IOL®) Abutments

IOL® Abutments are available for 4.1 mm diameter
OSSEOTITE® Certain® (one-piece non-hexed) and
OSSEOTITE® (two-piece non-hexed) implant systems
(Table 2.17). They are manufactured from titanium alloy



TABLE 2.17. Catalogue Numbers for IOL® Abutments for OSSEOTITE® Certain® and OSSEOTITE® Implant Sys-

tems
Implant Restorative Emergence Collar OSSEOTITE® OSSEOTITE®
Platform (mm) Profile (mm) Height (mm) Certain® Implants Implants
41 4.5 2.0 [IOL20S IOL20T
41 4.5 3.0 [IOL30S IOL30T
41 4.5 4.0 [IOL40S IOL40T
41 4.5 5.5 [IOL55S IOL55T
41 4.5 7.0 [IOL70S IOL70T

Figure 2.52. 10L® Abutments for OSSEOTITE® Certain® implants: 2, 3,
4,5.5,and 7 mm collar heights (left to right).

Figure 2.53. Clinical view of 5 IOL® Abutments (IIOL30) in place at the
time of implant surgery.

(Figures 2.52, 2.53). Although these components have
been specifically designed for use in Immediate Occlusal
Loading®, they may also be used as abutments in the tra-
ditional, two-stage, unloaded healing protocol.

Figure 2.54. Simulation of a GingiHue® Post in place with transparent

cement-retained crown for a natural looking, functional restoration.

GingiHue® Posts

3i®s pre-machined titanium abutments (GingiHue® Posts)
have proven to be a versatile, cost-effective addition to the
implant restorative dentistry armamentarium. In many
cases, they may be used in lieu of custom abutments (Fig-
ure 2.54). They have been designed in accordance with
the EP® System for natural emergence through the peri-
implant soft tissues (5, 6, and 7.5 mm diameters, 2 and 4
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TABLE 2.18. Catalogue Numbers for GingiHue® Posts for OSSEOTITE® Certain® and OSSEOTITE® Implant Sys-

tems
OSSEOTITE® OSSEOTITE®
Certain® Certain®
Seating Emergence Collar Implants- Implants-15°

Surface (mm) Profile (mm) Height (mm) Straight Pre-Angled
3.4 3.8 2.0 IMAP32G IMPAP32G
3.4 3.8 4.0 IMAP34G IMPAP34G
41 5.0 2.0 IAPP452G IPAP452G
41 5.0 4.0 IAPP454G IPAP454G
41 6.0 2.0 IAPP462G IPAP462G
41 6.0 4.0 IAPP464G IPAP464G
41 7.5 2.0 IAPP472G IPAP472G
41 7.5 4.0 IAPP474G IPAP474G
5.0 5.0 2.0 IWPP552G IPAP552G
5.0 5.0 4.0 IWPP554G IPAP554G
5.0 6.0 2.0 IWPP562G IPAP562G
5.0 6.0 4.0 IWPP564G IPAP564G
5.0 7.5 2.0 IWPP572G IPAP572G
5.0 7.5 4.0 IWPP574G IPAP574G
6.0 6.0 2.0 IWPP662G IPAP662G
6.0 6.0 4.0 IWPP664G IPAP664G
6.0 7.5 2.0 IWPP672G IPAP672G
6.0 7.5 4.0 IWPP674G IPAP674G
3.4 3.8 2.0 MAP32G MPAP32G
3.4 3.8 4.0 MAP34G MPAP34G
41 5.0 2.0 APP452G PAP452G
41 5.0 4.0 APP454G PAP454G
41 6.0 2.0 APP462G PAP462G
41 6.0 4.0 APP464G PAP464G
41 7.5 2.0 APP472G PAP472G
41 7.5 4.0 APP474G PAP474G
5.0 5.0 2.0 WPP552G PAP552G
5.0 5.0 4.0 WPP554G PAP554G
5.0 6.0 2.0 WPP562G PAP562G
5.0 6.0 4.0 WPP564G PAP564G
5.0 7.5 2.0 WPP572G PAP572G
5.0 7.5 4.0 WPP574G PAP574G
6.0 6.0 2.0 WPP662G PAP662G
6.0 6.0 4.0 WPP664G PAP664G
6.0 7.5 2.0 WPP672G PAP672G
6.0 7.5 4.0 WPP674G PAP674G

mm collar heights) (Table 2.18) (Figure 2.55). They can be
prepared intra-orally or in the laboratory on a master cast
(Drago 2002) (Figures 2.56, 2.57, 2.58).

ZiReal ™ Posts

3i®s ceramic abutments (ZiReal™ Posts) are indicated in
areas where aesthetics is of paramount importance. Metal
abutments may cause a gray hue to show through thin,
translucent peri-implant soft tissues (Figure 2.59). This col-
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oration may have a negative impact on the overall aes-
thetic outcome of the implant restoration.

ZiReal™ Posts are manufactured from tetragonal zirconia
polycrystals (TZP) that have been extensively used in artifi-
cial hip replacements. This material is a combination of zir-
conia dioxide (ZrO,) and yttrium-stabilized zirconium oxide
(95% and 5%, respectively). These abutments have a flex-
ural strength of more than 900 Mpa. Aluminum oxide
(Al,O3z), used in other commercially available ceramic



Figure 2.55. GingiHue® Posts (left to right, IAPP454G, IPAP454G,
APP454G, PAP454G) for 4.1mm OSSEOTITE® Certain® implants (left)
and OSSEOTITE® implants (right).

Figure 2.58. Laboratory view of GingiHue® Post (IWPP574G) in place
on a master cast in the area of a mandibular right first molar. A dental
laboratory technician prepared the abutment on the master cast. The
porcelain fused to metal crown was fabricated directly on the abutment.
A laboratory try-in screw (IUNIHT) was used during these procedures
(inset).

Figure 2.56. Clinical view of GingiHue® Post (IAPP454G) in place at
the time an implant was uncovered in the maxillary left lateral incisor
location. The flat surface of the abutment was placed on the facial
surface.

Figure 2.59. Clinical view of titanium abutment in place in maxillary
right central incisor site. Note the gray metallic appearance of the distal
facial gingival margin.

Figure 2.57. Clinical view of GingiHue® Post in Figure 2.56 after it was

prepared, prior to fabrication of the provisional crown. It was screwed Figure 2.60. ZiReal™ Post demonstrating the titanium cylinder and the
into the implant with an abutment screw (IUNIHG) zirconia abutment. The height of the cylinder inside the abutment is
torqued to 20 Nem. 1.25 mm. The height of the exposed collar is 0.25 mm.

Chapter 2: Implants and Implant Restorative Components 35



Figure 2.61. ZiReal™ Posts (ICAP454, ICAP464) for 4.1mm
OSSEOTITE® Certain® implants (5 and 6 mm EP® diameters).

abutments, has a flexural strength of 500 Mpa (Seghi and
Sorenson 1995).

ZiReal™ Posts are unique in that the TZP has been fused
with a titanium cylinder (1.25 mm height) that permits a
precise metal-to-metal interface between these ceramic
abutments and implant restorative platforms. The height of
the clinical metal collar is 0.256 mm (Figure 2.60). All-
ceramic abutment/implant connections do not have the
same high degree of precision that has been reported for
metal abutments (Brodbeck 2003).

ZiReal™ Posts have been manufactured for internal and
external implant/abutment connections for 4.1 and 5.0 mm
implant restorative platforms using the parameters of the
EP® System (5, 6, and 7.5 mm EP® diameters) (Fig-
ure 2.61) (Table 2.19). They can be used for both single-
and multi-unit ceramic restorations with a minimum inter
arch space of 6 mm. The maximum angle correction that
can be obtained with these abutments is 10°. The axial wall
minimum thickness after abutment preparation is 0.3 mm.
ZiReal™ Posts may be prepared intra-orally or they may be
prepared in the laboratory on a master cast (Bonilla and
Sullivan 2003; Drago 2003) (Figures 2.62, 2.63).

Provide™ Abutments

3i® recently introduced a new abutment: The Provide™
Abutment (Figure 2.64). This abutment provides the
implant team with more options and therefore greater flexi-

Figure 2.62. Clinical view of ZiReal™ Post (ICAP454) that was pre-
pared intra-orally in the maxillary right lateral incisor site.

Figure 2.63. Laboratory view of ZiReal™ Post as received from the
manufacturer in place for a maxillary left central incisor (IWCAP564).
Note the flat side of the abutment (for anti-rotation of the cemented
crown) has been placed on the palatal surface and is not visible in
this view.

bility in meeting aesthetic and functional demands of
patients with stock, noncustom implant restorative compo-
nents. Provide™ Abutments give restorative dentists and
implant surgeons four different collar heights (1-4 mm) and
two different post heights (4.0 and 5.5 mm).

TABLE 2.19. Catalogue Numbers for ZiReal™ Posts for OSSEOTITE® Certain® and OSSEOTITE®

Implant Systems

Implant Restorative Emergence Collar OSSEOTITE® OSSEOTITE®
Platform (mm) Profile (mm) Height (mm) Certain® Implants Implants
41 5.0 4.0 ICAP454 CAP454
41 6.0 4.0 ICAP464 CAP464
5.0 6.0 4.0 IWCAP564 WCAP564
5.0 7.5 4.0 IWCAP574 WCAP574
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Figure 2.64. Product view of two Provide™ Abutments (IPA4155,
IPA4140, left to right).

Figure 2.65. Provide™ Abutments 1-4 mm collar height, left to right
(IPA4140, IPA4240, IPA4340, IPA4440, left to right).

TABLE 2.20. Catalogue Numbers for the Provide™ Abutment for the OSSEOTITE® Certain® Implant System

Implant Restorative Collar Post Emergence Catalogue
Platform (mm) Height (mm) Height (mm) Profile (mm) Number
41 1.0 4.0 4.8 IPA4140
41 2.0 4.0 4.8 IPA4240
41 3.0 4.0 4.8 IPA4340
41 4.0 4.0 4.8 IPA4440
41 1.0 5.5 4.8 IPA4155
41 2.0 5.5 4.8 IPA4255
41 3.0 5.5 4.8 IPA4355
41 4.0 5.5 4.8 IPA4455
5.0 1.0 4.0 6.5 IPA5140
5.0 2.0 4.0 6.5 IPA5240
5.0 3.0 4.0 6.5 IPA5340
5.0 4.0 4.0 6.5 IPA5440
5.0 1.0 55 6.5 IPA5155
5.0 2.0 55 6.5 IPA5255
5.0 3.0 55 6.5 IPA5355
5.0 4.0 55 6.5 IPA5455
6.0 1.0 4.0 6.5 IPAG6140
6.0 2.0 4.0 6.5 IPAG240
6.0 3.0 4.0 6.5 IPAG340
6.0 4.0 4.0 6.5 IPAG440
6.0 1.0 55 6.5 IPA6155
6.0 2.0 55 6.5 IPA6255
6.0 3.0 55 6.5 IPA6355
6.0 4.0 55 6.5 IPAG455

Implant surgeons will not need to determine the height of
stock abutments at the time of implant placement because
this abutment is available in 1, 2, 3, and 4 mm heights (Fig-
ure 2.65). OSSEOTITE® Certain® implants can be placed
with either single- or two-stage surgical protocols. Abut-
ment selection can be deferred until the tissues have
matured, or it can be made at the time of implant placement
with the potential of changing the abutment collar height
relative to the height of the gingival margins (Table 2.20).

The Provide™ Restorative System provides clinicians with
color-coded  restorative  components  within  the
OSSEOTITE® Certain® Implant System. These abutments
are not available in the external hex OSSEOTITE® implant
system. These abutments may be used with implant level
impressions and prepared in the laboratory. The abutments
may also be used with a direct technique and prepared
intra-orally. The latter protocol will simplify the restorative
procedures by eliminating implant level impressions.
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Figure 2.66. Laboratory facial view of UCLA Abutment (IGUCA1C) in
place as received from the manufacturer. The titanium cylinder has a
precise metal-to-metal fit at the implant/abutment interface.

Figure 2.67. This UCLA Abutment was adjusted, waxed, and cast with
a noble alloy into the shape of an abutment for a cement-retained
crown.

UCLA Abutments

The UCLA Abutment was developed to allow a direct con-
nection between the implant and the implant restoration.
These abutments can be used for single- and multiple-unit
restorations with a minimum inter-occlusal clearance of 4
mm. They can be used as abutments for cement-retained
crowns (Figures 2.66, 2.67, 2.68), as well as one-piece
implant restorations screwed directly into implants (Figures
2.69, 2.70, 2.71, 2.72) (Table 2.21).
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Figure 2.68. Porcelain fused to metal crown and custom UCLA Abut-
ment in place on master cast.

Figure 2.69. Clinical occlusal view of external hex implant 10 years
after UCLA Abutment (GUCA1C) was cast as a single-unit, screw-
retained implant restoration. The original abutment screw was loose
for several months prior to this photograph. Note the redness of the
peri-implant sulcular tissues.

Figure 2.70. Laboratory view of abutment hex from the screw-retained
crown in Figure 2.69.



Figure 2.72. Clinical facial view of screw-retained crown replacing the
maxillary right lateral incisor. Screw-retained crowns in the aesthetic
zone require implant placement that have screw access openings within
the palatal surfaces of maxillary restorations.

Figure 2.71. Clinical occlusal view of screw access opening on the
palatal surface of the implant crown restoration in Figures 2.69 and
2.70. Note the size of the opening that was required to accommodate
the head of the abutment screw. The access opening was restored with

composite resin.

TABLE 2.21. Catalogue for UCLA Abutments for OSSEOTITE® Certain® and OSSEOTITE® Implant Systems

Implant Restorative OSSEOTITE® OSSEOTITE®
Platform (mm) Certain® Implants Implants
3.4

Gold (Hexed) IMUCG1C MUCG1C
Gold (Non-Hexed) NA NA

4.1

Gold (Hexed) IGUCA1C GUCA1C
Gold (Non-Hexed) IGUCA2C (includes large diameter Gold-Tite™ Screw) GUCA2C
Gold (Non-hexed) IGUCAZ2T (includes large diameter Ti Screw) NA

Gold Standard ZR™ (Hexed) NA SGUCA1C
5.0

Gold (Hexed) IWGA51C NA

Gold (Non-Hexed) IWGA52C (includes large diameter Gold-Tite™ Screw) WGA52C
Gold (Non-Hexed) IWGAS2T (includes large diameter Ti Screw) NA

Gold Standard ZR™ (Hexed) NA SWGA51C
6.0

Gold (Hexed) IWGAG61C WGA61C
Gold (Non-Hexed) IWGAB2C (includes large diameter Gold-Tite™ Screw) WGA62C
Gold (Non-Hexed) IWGAB2T (includes large diameter Ti Screw) NA

Gold Standard ZR™ (Hexed) NA SWGA61C
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Figure 2.73. Clinical view of implants with impression copings in place ~ Figure 2.75. Hexed and nonhexed UCLA Abutments (IGUCA1C,
replacing the maxillary left lateral incisor and cuspid. Note the facial IGUCA2C, respectively) for 4.1 mm diameter OSSEOTITE® Certain®
angulation of the implant impression copings. If the restorations were to Implant System.

be screw-retained, the screw access openings would be in the middle

portions of the facial surfaces of the restorations.

Figure 2.76. Clinical occlusal view of 5.0 mm implant restorative plat-
form in maxillary right cuspid site. The emergence profile of the peri-
implant soft tissues was created with a custom provisional implant
restoration.

Figure 2.74. Clinical view of custom UCLA Abutments featured in Fig-
ure 2.73 in place. Due to amount of inter-occlusal clearance and the 6°
axial taper, the nonfacial axial walls provided adequate surface area for
satisfactory retention and resistance form for the individual cement-
retained restorations.

UCLA Abutments have been manufactured with machined

gold palladium cylinders and plastic unitubes. These abut-

ments may be waxed and cast as custom abutments. The

heights of the unitubes may be modified depending upon

the available inter-occlusal clearance. This allows dental

laboratory technicians to correct misaligned implants with  Figure 2.77. Master cast from the impression in Figure 2.76 was
up to 30° divergence (Figures 2.73, 2.74). UCLA Abut-  mounted against a mandibular cast. The emergence profile was cap-
ments are available in hexed and non-hexed configura-  tured in the definitive implant level impression and replicated in poly
tions (Figure 2.75). vinylsiloxane impression material.
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Figure 2.78. A custom UCLA Abutment was developed in wax and cast
in a noble alloy. It was milled on a surveyor for minimal axial wall taper.
The sub-gingival portions were waxed to fit into the peri-implant space
around the implant analog.

Figure 2.79. Custom cast UCLA abutment in place on master cast. The
emergence profiles were originally developed clinically with the provi-
sional restoration. The dental laboratory technician followed these con-
tours to establish optimal anatomic form in the custom abutment.

UCLA Abutments are ideal for use in situations when
space is limited and stock, pre-machined abutments will
not satisfy aesthetic or functional demands (Lazzara,
1993). These abutments require implant level impressions
to develop master casts with implant analogs (Figure 2.76,
2.77). Custom abutments may be fabricated by casting to
the UCLA Abutments as received from the manufacturer
and milling procedures performed as required by the clini-
cal situations (Figures 2.78, 2.79). Definitive implant crown
restorations can be made directly on the custom abut-

Figure 2.80. A porcelain fused to metal crown was fabricated that repli-
cated the emergence profile of the peri-implant tissues developed with
the provisional restoration. The dental laboratory technician was able to
follow the contours that were in the master cast to fabricate a crown
whose contours had already been determined clinically.

Figure 2.81. Occlusal view of Encode™ Healing abutment (EHA554).
Codes have been embedded into the occlusal surfaces that identify the
size and location of the implant restorative platform, implant/abutment
connection, emergence profile, and height of the healing abutment.

ments. The emergence profiles have already been estab-
lished clinically and this information transferred to the mas-
ter cast with the implant level impression. The net result is
an implant-retained crown with anatomic contours that
replicate the contours established by the provisional
restoration (Figure 2.80).

CAD/CAM Abutments (Encode™ Abutments)

Encode™ Healing Abutments have been manufactured
with codes embedded into their occlusal surfaces (Figure
2.81). These codes provide the required information for
optical scanning and construction of definitive abutments
produced with computer-assisted design and computer-
assisted milling.

Protocols have been established for fabrication of
Encode™ Abutments. In principle, an implant level impres-
sion of some type is needed to transfer the position of the
implant restorative platform to a cast for fabrication of the
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Figure 2.82. lllustration of surgical index: the surgeon, prior to closure
of the wound, placed a pick-up implant level impression coping. An
index was made that oriented the impression coping to the anatomical
contours of the adjacent teeth.

Figure 2.83. Stone was removed from the area corresponding to the
implant. An implant analog (ILAW5) was attached to the implant impres-
sion coping (WIP55) and the index was refitted to the occlusal surfaces
of the adjacent teeth.

Figure 2.84. The implant analog transferred the precise location of the
implant to the diagnostic cast via the surgical index. The gingival mar-
gins were not recorded because the wound was not closed at the time

the index was made.

crown restoration. This impression may be a surgical index
at the time of implant placement (Figure 2.82). Dental
stone will then be removed from the cast in the area of the
implant; an implant analog will be attached to the impres-
sion coping in the index (Figure 2.83) and the analog will
be retrofitted to the cast by injecting dental stone into the
void around the analog (Figure 2.84).
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After osseointegration occurred, a poly vinylsiloxane
impression was made of the Encode™ Healing Abutment
(Figure 2.85) and the impression was poured in die stone
(Fujirock® EP, GC Europe, Leuven, Belgium) (Figure 2.86).
This cast was mounted on an articulator with magnetic
mounting plates and shipped to 3i®. A laser optical scan-
ner was used to scan this cast. A dental laboratory techni-



Figure 2.87. Computer-designed, patient-specific abutment in CAD
Figure 2.85. Clinical occlusal view of Encode™ Healing Abutment software. The gingival tissues were made translucent to assist in devel-
(EHA554) in place. opment of the abutment margins.

Figure 2.86. Occlusal view of Encode™ Healing Abutment (EHA554)
that was replicated in die stone in the master cast.

Figure 2.88. Facial laboratory view of cast coping on Final Encode™
Abutment in place on master cast; the soft tissue has been removed
from the cast.

cian/computer designer designed the patient specific

abutment using a sophisticated software program (Figure

2.87). The Final Encode™ Abutment was milled by a com-

puterized milling machine per the specifications devel-

oped in the CAD design (Figure 2.88). The margins were

fabricated from the image of the Encode™ Healing Abut-

ment that contained the location of the peri-implant soft tis-

sues. The definitive porcelain fused to metal crown was

cemented to the abutment in conventional fashion (Figure  Figure 2.89. Facial clinical view of porcelain fused to metal crown in
2.89). place on the Final Encode™ Abutment featured in Figure 2.87.
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TABLE 2.22. Catalogue Numbers for Abutment Screws for OSSEOTITE® Certain® Implant System

Gold-Tite®

Titanium

Large Gold-Tite™

Large Titanium

Abutment Screws
Drivers

Driver Tips
Torque

For Use With

IUNIHG
PHDO2N, PHDO3N
RASH3N, RASH8N
20 Ncm
UCLA Abutments,
GingiHue® Posts,
GingiHue®
Posts 15°,
Hexed Temporary
Cylinders

IUNIHT
PHDO2N, PHDO3N
RASH3N, RASH8N
20 Ncm
UCLA Abutments,
GingiHue® Posts,
GingiHue®
Posts 15°,

Hexed Temporary

Cylinders

ILRGHG

PHDO2N, PHDO3N

RASH3N, RASH8N

20 Ncm

Non-Hexed UCLA
Abutments,
Non-Hexed
Temporary
Cylinders

ILRGHT

PHDO2N, PHDO3N

RASH3N, RASH8N

20 Ncm

Non-Hexed UCLA
Abutments,
Non-Hexed
Temporary
Cylinders

Figure 2.90. Gold-Tite™ Abutment Screw for the OSSEQTITE® Cer-

tain® Implant System (IUNIHG).

Figure 2.91. Gold-Tite™ retaining screw (GSH30).
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TABLE 2.23. Catalogue Numbers for Retaining Screws
for OSSEOTITE® Certain® Implant System

Screws GSH20, GSH30

Drivers PHDO2N, PHDO3N

Driver Tips RASH3N, RASH8N

Torque 10 Ncm

For Use With GSH20-Standard Abutment

GSH30-Pre-Angled, Standard, conical
and TG Hex Abutments

SCREWS (CLINICAL)

Abutment screws have been defined as the screws that
connect an abutment to implants (Figure 2.90). Retaining
screws have been defined as the screws that retain cylin-
ders to implants (Figure 2.91). In 3i®s implant systems,
abutment screws have been designed with slotted, hex,
and square heads; retaining screws have been designed
with slotted or hex heads. Slotted screws for clinical appli-
cations are not illustrated in this text (Tables 2.22, 2.23,

2.24).

3i® has patented a 24-carat-gold, ultra-thin 0.76 wm coat-
ing for its abutment and retaining screws called Gold-
Tite™. This thin layer of 24-carat gold acts as a dry lubri-
cant that reduces friction and allows approximately 62%
more screw-turning during tightening with a given amount
of force. This results in increased preloads in the abut-
ment/implant connection and improves the predictability of
clinical implant treatment (Figure 2.92).



TABLE 2.24. Catalogue Numbers for Abutment and Retaining Screws for the OSSEOTITE® Implant System

Gold-Tite® Gold-Tite® Titanium

Square Hexed Hexed Gold-Tite®

Abutment Abutment Abutment Retaining

Screw Screw Screw Screw
Abutment Screws UNISG UNIHG UNIHT GSH20, GSH30

Drivers
Driver Tips
Torque

For Use With

PSQDON, PSQD1N
RASQ3N, RASQ8N
32-35 Ncm
UCLA Abutments,
GingiHue® Posts,
GingiHue®
Posts 15°,
ZiReal™ Posts,
Titanium Cylinders,
Pre-Angled
Abutments

PHDO2N, PHDO3N
RASH3N, RASH8N
20 Ncm
UCLA Abutments,
GingiHue® Posts,
GingiHue®
Posts 15°,
ZiReal™ Posts,
Titanium Cylinders,
Pre-Angled
Abutments

PHDO2N, PHDO3N
RASH3N, RASH8N
20 Ncm
UCLA Abutments,
GingiHue® Posts,
GingiHue®
Posts 15°,
ZiReal™ Posts,
Titanium Cylinders,
Pre-Angled
Abutments

PHDO2N, PHDO3N
RASH3N, RASH8N
10 Nem
GSH20-Standard
Abutments,
GSH30- Pre-
Angled, Standard,
Conical and
TG Hex
Abutments

Figure 2.92. Graphic results demonstrating increased preload with applied torque in Gold-Tite®™Abutment

Screws.

Chapter 2: Implants and Implant Restorative Components 45



TABLE 2.25. Catalogue Numbers for 3i® Gold Cylinders

Implant 4.1 mm Implant 5.0 mm Implant
Restorative Emergence Restorative Restorative
Component Profile (mm) Platform Platform
Pick-Up Impression Coping 4.5 SQIC7 SQIC7
Laboratory Analog 4.5 SLA20 SLA20

Gold Cylinder 4.5 SGC30 SGC30

Healing Cap 4.5 TS250 TS250

Retaining Screw 4.5 GSH20, GSH30 GSH20, GSH30

Figure 2.93. Standard Gold Cylinder (SGC30) machined to fit onto
standard abutments.

Figure 2.94. The intaglio surface of a cast metal framework for a hybrid
prosthesis. The gold cylinders were incorporated into the wax pattern
and cast as part of the metal framework. The precise machining was
maintained throughout prosthesis fabrication.

TABLE 2.26. Catalogue Numbers for Overdenture and Fixed Hybrid

Prostheses

Implant Restorative Platform 4.1 mm 5.0mm
Emergence Profile (mm) 4.5 mm 4.5 mm
Pick-Up Impression Coping SQic7 SQIC7
Laboratory Analog SLA20 SLA20
Polishing Protector PPSA3 PPSA3
Healing Cap TS250 TS250

Retaining Screw

GSH20, GSH30

GSH20, GSH30

CYLINDERS
Standard Gold Cylinders

Cylinders (SGC30) are laboratory components that have
been machined to fit onto abutments (Figure 2.93)(Table
2.25). They are waxed and cast as part of metal frame-
works for implant prostheses (Figure 2.94). Gold cylinders
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are not generally used for single-unit restorations because
optimal emergence profiles cannot be developed with
standard abutments. The abutment/cylinder connections
are not dependent on the implant/abutment connection
type. These components may be used with both internal
and external connection implant systems (Table 2.26).



Figure 2.95. 10L® Abutments for the OSSEOTITE® Certain® implant system (top); OSSEOTITE® implant system
(bottom): 2, 3, 4, 5.5, and 7 mm collar heights (left to right).

Figure 2.96. I0L® Temporary Cylinder (IOLTC). Figure 2.97. 10L® Gold Cylinder (IOLGC).

TABLE 2.27. Catalogue Numbers for Inmediate Occlusal Loading® Abutments for 4.1
Implant Restorative Platforms in the OSSEOTITE® Certain® and OSSEOTITE®
Implant Systems

Emergence Collar OSSEOTITE® OSSEOTITE®
Profile (mm) Height (mm) Certain® Implants Implants
4.5 2.0 110L20S IOL20T
4.5 3.0 110L30S IOL30T
4.5 4.0 11OL40S |OL40T
4.5 55 IIOL55S IOL55T
4.5 7.0 IIOL70S IOL70T

Note: Use PADOO Abutment Driver or RASA3 Driver Tip.

® . abutments but still provide a positive seating surface for
IOL™ Abutment Gold Cylinders IOL® temporary cylinders and I10L® gold cylinders
IOL® Cylinders were designed specifically for use with  (Figure 2.96, 2.97). They are manufactured from titanium
Immediate Occlusal Loading® in the edentulous mandible  alloy and are available for both OSSEOTITE® Certain® and
(Figure 2.95). These cylinders are shorter than conical OSSEOTITE® Implant Systems (Table 2.27).
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Figure 2.98. Large hex drivers (PHDO2N, 17 mm length, left; PHDO3N
24 mm length, right).

Figure 2.99. Contra-angle driver tips for large hex screws (RASH3N,
24 mm length, left; RASH8N, 30 mm length, right).

DRIVERS AND PLACEMENT INSTRUMENTS

Drivers and placement instruments are the instruments that
are used by surgeons, restorative dentists, and dental lab-
oratory technicians in implant dentistry. Some of the drivers
may be used with other commercial implant systems. How-
ever, this discussion is limited to drivers for 3i® implants.

Large Hex Drivers

Large hex drivers (PHDO2N, PHDO3N) are used to place
healing abutments and tighten hexed abutment and
retaining screws (Figure 2.98). These drivers have a
patented tip design that allows components to be carried
safely via a frictional grip. These drivers have hexagonal
tips that measure 1.2 mm (.048 inches) from flat surface to
flat surface. The drivers are made from surgical stainless
steel.
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Figure 2.100. Square drivers (PSQDON, 17 mm, left; PSQD1N,
24 mm, right).

Figure 2.101. Contra-angle driver tip for square screws (RASQ3N,
24 mm length).

Large Hex Driver Tips

Driver tips (RASH3N, RASH8N) may be used in contra-
angles and torque drivers (Figure 2.99). Driver tips were
designed for use with healing abutments and abutment/
retaining screws and are also manufactured from surgical
stainless steel. These driver tips are used to generate 10 or
20 Ncm of torque to large hex head screws.

Square Drivers

Square drivers (PSQDON, PSQD1N) were designed for
tightening square Gold-Tite® Abutment screws and
Square Try-In screws (Figure 2.100). They are made from
surgical stainless steel.

Square Driver Tips

Driver tips (RASQ3N, RASQ8N) may be used in contra-
angle and torque drivers (Figure 2.101). These driver tips
were designed for use with Gold-Tite®™ Square Abutment
and Try-In screws and are also manufactured from surgical
stainless steel. (Table 2.28). These driver tips are used
clinically to generate 32 or 35 Ncm of torque to square
head screws.



TABLE 2.28. Catalogue Numbers for Drivers and Driver Tips (Large Hex, Square)

Large Hex Large Hex Square Square

Length Driver Tip Driver Tip

17 mm PHDO2N N/A PSQDON N/A

24 mm PHDO3N RASH3N PSQD1N RASQ3N

30 mm N/A RASHS8N N/A RASQ8N

For use with Healing Healing Square Square

abutments, abutments, Gold-Tite™ Gold-Tite™

Abutment Screws, Abutment Screws, Abutment Screws, Abutment Screws,
Retaining Try-In Screws Try-In Screws
Screws

TABLE 2.29. Catalogue Numbers for Drivers and Driver Tips (Abutments, LOCATOR®)

Abutment Abutment LOCATOR®
Length Driver Tip Tip Only
17 mm PADOO N/A N/A
24 mm PAD24 N/A LOADT4
30 mm N/A N/A LOADT9
One-size N/A RASA3 N/A
For use with Conical, Standard Conical, Standard LOCATOR® Abutments

and IOL® Abutments

and IOL® Abutments

Figure 2.102. Abutment drivers (PAD0O, 17 mm length, left; PAD24,
24 mm length, right).

Abutment Drivers

Abutment drivers (PADOO, PAD24) are used to tighten
Standard and IOL® Abutments and are also made from
surgical stainless steel (Figure 2.102). (Table 2.29).

Abutment Driver Tips

Driver tips (RASA3) may be used in contra-angle and
torque drivers (Figure 2.103). These driver tips were
designed for use with Standard, Conical, and IOL® Abut-

1

d
Figure 2.103. Contra-angle driver tip for Conical, Standard and I0L®
Abutments (RASAS3).

ment screws and are also manufactured from surgical
stainless steel. These driver tips are used to generate up to
20 Ncm of torque to hexed abutment screws. (Table 2.29).

LABORATORY COMPONENTS

Laboratory analogs are replicas of implant restorative plat-
forms and abutments. Analogs need to be manufactured
to exact tolerances, because the fit of the final restorations
onto the implants is dependent upon, among other factors,
the accuracy of the analogs. Binon (1995) measured the
machining accuracy of 13 different implant manufacturers’
products including implants, abutments, and analogs and
found considerable variation in machining accuracy and
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TABLE 2.30. Catalogue Numbers For Laboratory Components for the OSSEOTITE® Certain® Implant System

Implant Implant Implant Implant
Restorative Restorative Restorative Restorative

Platform Platform Platform Platform
Description 3.4 mm 4.1 mm 5.0 mm 6.0 mm
Laboratory Analog IMMILA IILA20 [ILAW5S IILAW6
Laboratory Holder ILTAH5 ILTAH7 ILTAH7 ILTAH7
Try In Screws IUNITS IUNITS IUNITS IUNITS
QuickSeat Activator Tool IQSA01 IQSA01 IQSAO01 IQSAO01

Figure 2.104. 4.1 mm implant analog-left (IILA20); 5.0 mm implant
analog-right (IILAWS) for the OSSEQTITE® Certain® Implant System.

consistency in the sample implants that he studied. For
instance, the mean analog hexagonal extension width (flat
surface to flat surface) varied from 2.347 mm to 2.708 mm.
Manufacturers had identified this dimension as being 2.7
mm. Binon was convinced that reduction or elimination of
these types of discrepancies would decrease rotational
movement between implants and abutments and would
result in more stable and predictable screw joints. The
internal connections of the ScrewVent implant system,
although not included in the study with the external con-
nection implant systems, demonstrated the least amount of
rotational freedom (1.4° of all of the components and com-
binations that were tested in Binon’s study).

Implant Analogs

Implant analogs (Figure 2.104, Table 2.30) screw into the
apical portions of implant impression copings (l11C41-blue
and IWIP55-gold) via the impression coping screws in the
OSSEOTITE® Certain® Implant System (Figures 2.105,
2.106). A resilient impression (polyether) material was
injected around the implant impression coping/implant ana-
log junctions and the impression was poured with a Type IV
die stone (Figure 2.107). There are machined concavities at
the occlusal ends of internal connection implant lab
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Figure 2.105. Mandibular impression with three internal connection
implant impression copings in place. Impression copings and implant
analogs are colored coded: blue for 4.1 mm restorative platforms; gold
for 5.0 mm restorative platforms.

Figure 2.106. Blue (4.1 mm diameter, left) and gold (5.0 mm diameter,
right) implant analogs in place on their respective implant impression
copings in the mandibular definitive impression.

analogs designed to retain the resilient soft tissue material
to the implant lab analogs prior to pouring the impression.

Laboratory components are similarly available for the
OSSEOTITE® Implant System (Table 2.31).



TABLE 2.31. Catalogue Numbers for Laboratory Components for the OSSEOTITE® Implant System

Implant Implant Implant Implant
Restorative Restorative Restorative Restorative
Platform Platform Platform Platform
Description 3.4 mm 4.1 mm 5.0 mm 6.0 mm
Laboratory Analog MMILA ILA20 ILAWS ILAW6
Laboratory Holder LTAH5 LTAH7 LTAH7 LTAH7
Laboratory Try In Screw UNITS UNITS UNITS UNITS

Figure 2.108. Standard Abutment Laboratory Analog (SLA20).

Figure 2.107. Laboratory occlusal view of the master cast from Figures
2.105 and 2.106. The implant analogs have been placed accurately
within the master cast in preparation for fabrication of abutments and
cement-retained crowns.

Abutment Analogs Figure 2.109. 10L® Laboratory Analog (IOLLAS).

Abutment analogs are exact replicas of implant abutments
and have to be manufactured to the same high degree of
accuracy as implant analogs (Figures 2.108, 2.109, 2.110).
Abutment analogs are not specific for internal connection
and external hex implant systems in that abutment impres-
sion copings identify the location of abutments after they
have been placed into the implants. Abutment analogs are
generally unique for different implant manufacturers (Table
2.32).

Try-In Screws

Laboratory and clinical try-in screws are available for use
by dental laboratory technicians and clinicians for implant  Figure 2.110. LOCATOR® Abutment Analog (LALA1).
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TABLE 2.32. Catalogue Numbers for 3i® Abutment Laboratory Restorative

Components

Implant Implant

Restorative Restorative

Platform Platform Polishing
Abutment Analog 4.1 mm 5.0 mm Protectors
Standard Abutment SLA20 SLA20 PPSA3
|OL® Abutment IOLLAS N/A IOLPP
LOCATOR® Abutment LALA1 N/A N/A

Figure 2.111. Try-In Screw (IUNITS) for OSSEQTITE® Certain®
Implant System.

Figure 2.113. Abutment Holder (ILTAH7) for the OSSEQTITE®
Certain® Implant System.

Figure 2.112. Try-In Screw (UNITS) for OSSEOTITE® Implant System.

level laboratory and clinical procedures, respectively (Fig-
ures 2.111, 2.112). The tops of the screws are either hexed
for the internal connection system or square for use with
the external hex implant connection system. This feature
allows clinicians to use one type of driver during the clini-
cal appointments because the heads of the try-in screws
match the heads of the definitive abutment screws.

Abutment Holders

Laboratory abutment holders are instruments that provide
predictable retention of abutments for extra-oral prepara-
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tion and polishing procedures. They are available for both
of 3i®s internal connection and external hex implant sys-
tems (Figure 2.113). Dental laboratory technicians and cli-
nicians may securely attach abutments to the holders with
try-in screws and be confident that the abutments will
remain in place during their procedures (Figures 2.114,
2.115, 2.116). This protocol optimizes clinical chair time
because the bulk of the preparation can be accomplished
outside the mouth or in the laboratory. This minimizes the
need for extensive clinical preparation, is less likely to
result in trauma to the peri-implant soft tissue, and is more
easily tolerated by patients.



Figure 2.114. GingiHue® Post (WPP564G), as received from the man-
ufacturer, in place on laboratory abutment holder (LTAH7). Note that in
spite of the differences between the restorative platforms (the size of the
external hex is consistent within the OSSEOTITE® Implant System), a 5
mm diameter abutment fits onto the laboratory abutment holder.

Figure 2.115. The abutment in Figure 2.114 was prepared on the abut-
ment holder and was now ready to be transferred to the implant.

Figure 2.116. GingiHue® Post in place on the implant prior to fabrica-
tion of the provisional crown at the time the implant was uncovered.
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Chapter 3: Diagnosis and Treatment Planning in Implant

Restorative Dentistry

PATIENT SELECTION

Implant dentistry is similar to conventional dentistry in that
the first step of the process consists of data collection. The
initial visits in a restorative dental office should include a
medical/dental history; complete clinical examination; radi-
ographs and other imaging (CT scan, tomogram, lateral
cephalometric radiographs, and so on); and diagnostic
casts. The dentist and staff need to develop an apprecia-
tion of the patient’s goals and expectations of treatment, as
well as formulate the diagnosis (or diagnoses) and treat-
ment options.

Age may be a relative contraindication for dental implants,
in that patients should have completed their physical
growth prior to implant placement (Santos 2002).

Patients will also need to have the requisite amount of bone
for the planned treatments, as well as enough space rela-
tive to anatomic structures that may interfere with implant
placement. Patients who have been edentulous for a sig-
nificant length of time (Figure 3.1); patients who have had
large volumes of the jaws removed and reconstructed
associated with cancer surgery (Figures 3.2, 3.3); and
patients who have suffered significant localized resorption
after the loss of several teeth (Figure 3.4) may present
challenges to implant surgeons in order to provide enough
bone volume for implant placement.

Figure 3.1. Panoramic radiograph of a patient who has been edentu-
lous for 50 years. This radiograph illustrates right and left mandibular
fractures.

Figure 3.2. Panoramic radiograph of a patient one-week post excision
of the anterior two-thirds of his mandible secondary to a diagnosis of a
squamous cell carcinoma of the floor of the mouth.

Figure 3.3. Panoramic radiograph of the patient in Figure 3.2. 10 years
post insertion of implants and fixed implant-retained prosthesis. This
was approximately 14 years post resection and reconstruction of the
mandible secondary to removal of the tumor.

Figure 3.4. Clinical maxillary occlusal view of an anterior maxillary
ridge two years after the loss of the maxillary left central and lateral inci-
sors. Note the significant amount of horizontal ridge resorption that has
occurred in this period of time.

55



Figure 3.5. Panoramic radiograph of patient who has been edentulous for 40 years. Note the locations of the right
and left inferior alveolar canals and their proximity to the crest of the edentulous ridge.

MEDICAL HISTORY

Potential dental implant patients should not be evaluated
any differently than other patients in dental practice. A
patient’s medical status may complicate both the surgical
and restorative phases of implant treatment and potentially
impact the overall treatment outcomes.

As with any type of surgical procedure, dental implant sur-
gery has risks associated with it: bleeding, infection, and
paresthesias. The benefits of the planned treatments must
outweigh the risks of the procedures. The American Associ-
ation of Oral and Maxillofacial Surgeons Parameters of Care
(2001) indicated that the standards of care for planned
surgical procedures using anesthesia should include:

1. Indications for therapy
2. Therapeutic goals
3. Factors affecting risk

4. Indicated therapeutic standards

Outcome Assessment Indices

Completion of an appropriate medical history question-
naire by the patient and review of it by the surgeon is
essential prior to treatment because there may be ele-
ments in the history that can influence the surgical portion
of the treatment. Medically, most ambulatory patients
should be able to tolerate the outpatient surgical proce-
dures associated with dental implants. Active disease that
directly or indirectly affects the physiology or anatomy of
the head and neck regions would warrant deferral of
implant placement until such time as the disease process
has been controlled or has resolved.
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Absolute contraindications for dental implant treatment on
the basis of immediate surgical and anesthetic risks would
be limited to patients who are acutely ill, have a terminal ill-
ness, have uncontrolled metabolic disease, are pregnant,
or have unrealistic expectations (NIH Consensus State-
ment 1988; Peterson 1998).

The reader is referred to more definitive textbooks on med-
icine and surgery for more detailed explanations of pathol-
ogy and medical/surgical management of patients (Peter-
son 1998).

Diagnostic Procedures

Dental problems that were historically the most difficult to
treat can now, many times, be managed with dental
implants. The long-term effects of edentulism and alveolar
ridge resorption have been well documented (Tallgren
1969, 1972). Partially edentulous patients who have lost
multiple molars and been relegated to removable partial
dentures can be successfully treated with fixed implant
retained restorations if adequate bone exists for implant
placement (Guerra and Finger 1995). Patients who have
been victimized by trauma and cancer can also be rehabil-
itated with restorations supported by dental implants (Gar-
lini and Bianchi 2003; Branemark and Tolman 1998).

Clinical and radiographic evaluations of the implant sites
are essential to treatment planning. Implants need to have
adequate bone volume for placement, and implant restora-
tions require adequate clinical volume for replacement of
the missing teeth (Jansen and Weisgold 1995). Proximity to
key anatomic structures may preclude implant placement
(Figure 3.5).



Figure 3.6. Panoramic radiograph of a patient with multiple missing teeth. This radiograph suggested that there
was not enough bone volume, without bone grafting, in the right posterior maxilla for implants.

Figure 3.7. Panoramic radiograph of a patient with crowding in the
maxillary right posterior quadrant. This radiograph demonstrated com-
promised restorative volume in the area of the maxillary right first pre-
molar and deciduous cuspid.

Radiographs

The best initial radiograph for both edentulous and partially
edentulous patients is the panoramic radiograph because
it images both jaws in one image (Figure 3.6). However,
panoramic radiographs can have significant distortion
depending on patient positioning, anatomical contours of
the jaws, and other technical considerations (Bellaiche
1997). There are numerous advantages to panoramic
radiographs:

1. Both jaws are imaged on one radiograph.

2. They provide an estimate of vertical bone height with a
magnification error of approximately 1.3.

3. They are relatively inexpensive.

Figure 3.8. Periapical radiograph one month after extraction of the
above two teeth (Figure 3.7) that demonstrated adequate mesial/distal
dimension for implants to replace the missing teeth.

There are also several limitations associated with pan-
oramic radiographs:

1. Mesial/distal dimensions are not reliable because they
can vary as a function of patient positioning and jaw
anatomy (Figures 3.7 and 3.8).

2. They do not provide information on the facial/lingual
depth of the anatomic structures.

3. They do not provide information on the quality of the
cancellous bone.

Periapical radiographs can be useful in identifying the rela-
tive parallelism of roots of teeth adjacent to an edentulous
space. Accurate, intra-oral radiographs using a paralleling
technique allow evaluation of the mesio-distal dimension of
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Figure 3.9. Clinical anterior view of a patient immediately after the
orthodontic braces had been removed. Note the differences in the
mesial/distal widths of the maxillary lateral incisors.

Figure 3.10. Periapical radiographs of the patient in Figure 3.9. Note
the limited bone volume available for implant placement in the left cus-
pid site (bottom). The limited bone volume did not correlate with the size
of the clinical pontic on the orthodontic retainer.

the intended implant sites and also provide a preliminary
estimate of the vertical bone dimension. The intra-oral par-
alleling technique provides the best radiographic depic-
tion of the remaining teeth and edentulous sites (Scortecci
and Garcias 2001). This can be critical in orthodontic
cases in which the clinical crowns of the teeth adjacent to
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an edentulous site may be aligned correctly but the roots
converge and limit the available bone for implant place-
ment (Figures 3.9, 3.10).

CT Scans

Computed tomography (CT) and its computerized dental
applications, such as DentaScan® and SIMPLANT®, can
be advantageous to restorative dentists and implant sur-
geons. CT is based on X-radiation of anatomic structures
with a highly collimated X-ray beam to obtain “slices” that
measure 1 mm in thickness. Following absorption by elec-
tronic X-ray sensors, the X-rays are converted to an elec-
tronic signal that is digitized and processed by an image
reconstruction computer. CT densities can be expressed
as Hounsfield units (HU). Cortical bone presents with HU
values of 800-2,000; dental enamel and metal presents
with HU values of 1,500-3,000 (Rosenfeld and McCall
1996).

CT scans offer clinicians two distinct advantages over con-
ventional radiographs: accurate three-dimensional analy-
sis of bone volume and better visualization of bone archi-
tecture (Figures 3.11, 3.12).

There are several limitations of CT scans: motion artifacts
caused by patient movement during the scanning process;
metal associated artifacts because metal creates concen-
tric bursts or reflections of energy that can be projected
into adjacent structures; and limited resolution on recon-
structions that involve severely resorbed bone.

CT scans can provide detailed anatomic data that may
preclude some surgical procedures and can demonstrate
the feasibility of implant placement. CT scans can aid clini-
cians in more accurate determination on the optimum num-
ber, distribution, dimensions and angulation of implants
according to the volume and quality of bone (Figures 3.13,
3.14, 3.15, 3.16).

Bellaiche (2001) considered CT scans to be the current
gold standard for imaging protocols in implant dentistry.
The American Academy of Oral and Maxillofacial Radiol-
ogy (AAOMR) set forth their own standards in a position
paper and stated that some form of cross-sectional imag-
ing should be used for all implant cases (Tyndall and
Brooks 2000). According to Friedland (2005), the AAOMR
standards did not seem to have much of an impact on the
radiographic standard of care for dental implants. The stan-
dard of care is frequently determined by clinical practice in
academic centers, as well as by what students and resi-
dents are taught.

One of the most common types of implant-related lawsuits
involves injuries to the inferior alveolar nerve (Givol and
Taicher 2002). There are data from other countries that



Figure 3.11. Occlusal CT scan that identified by number, 1 mm slices
from the left retro molar pad to the right retro molar pad. The numbers
that identified the slices are consistent throughout the CT images.

Figure 3.12. Lateral CT oblique slices that were obtained from the

anterior mandibular segment of the patient in Figure 3.11. Note the min-

imum amount of bone covering the facial root surfaces of the incisors
and the lack of facial/lingual width within the alveolus.

Figure 3.13. Lateral CT oblique slices of a posterior mandibular seg-
ment that identified the location of the mental foramen relative to the
middle of the edentulous space.

Figure 3.14. Lateral CT oblique slice of a posterior mandibular seg-
ment that identified the location of the inferior alveolar canal. The width
of the edentulous site superior to the canal was large enough to accom-
modate a 5 mm diameter implant.

Figure 3.15. Panoramic CT image of a right maxillary sinus with severe
pneumatization. This patient would be a candidate for dental implants
only if he agreed to undergo a bone graft procedure prior to implant
surgery.

Figure 3.16. Lateral CT oblique slice of the patient in Figure 3.15. Note
the increased height and width of the alveolar ridge eight months

post bone grafting. There is now adequate bone volume for implant
placement.
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Figure 3.17. These diagnostic casts were mounted at an optimal verti-
cal dimension of occlusion. Due to the minimal number of natural teeth
remaining, a mandibular record base was needed for the articulator
mounting.

Figure 3.18. For this edentulous patient, the master casts were
mounted at the agreed-upon vertical dimension of occlusion and used
to evaluate the jaw relationship and the amount of inter-occlusal space
available for the implant restorative and denture components.

demonstrate that insurance companies often settle law-
suits associated with these injuries if advanced imaging
studies were not performed. For instance, a report from
Israel involved 61 implant-related lawsuits. In 53 of those
cases, panoramic radiography was the sole imaging
modality used, despite the well-known shortcomings of
panoramic radiographs (Frederiksen 1995; Kassebaum
and Nummikoski 1990). Friedland (2005) was specific in
his recommendations that the decision to undergo or forgo
cross-sectional imaging studies prior to implant surgery is
the patient’s decision to make, and the informed consent or
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Figure 3.19. For a patient missing a single tooth, diagnostic casts and
articulator mountings may still be critical for optimal implant placement
and restoration. In this case (end-to-end occlusion) diagnostic casts,
wax pattern (denture tooth) and articulator mounting were critical in cor-
rectly identifying the position of the implant restoration for the surgeon
prior to implant placement.

denial is critical. The clinician’s approach to treatment
should be individualized for each patient.

Diagnostic Casts

Diagnostic casts are generally considered to be essential
in the treatment planning process. They must be made
from accurate impressions of each arch. In partially eden-
tulous and edentulous patients, the casts should be
mounted on an articulator at the proposed vertical dimen-
sion of occlusion (VDO) (Figures 3.17, 3.18). Diagnostic
articulator mountings are no less important for single
implant crown restorations (Figure 3.19).

Properly oriented, mounted diagnostic casts will provide
clinicians with information relative to the amount of resorp-
tion and inter-occlusal space available for implant and
prosthetic components, as well as provide the foundation
for diagnostic wax patterns that can be used for construc-
tion of surgical and CT guides. Diagnostic casts can also
be a tremendous teaching aid for patients and their fami-
lies during consultations.

PHYSICAL EXAMINATION

Definitive treatment begins with a thorough clinical exami-
nation. There are several differences in the clinical exami-
nations for dentulous and edentulous patients. The differ-
ences relate to the anatomical characteristics associated
with resorption of edentulous ridges and the resulting jaw
relationships. The goal of the examination process is to



Figure 3.20. Profile view of a patient in centric occlusion with a
decreased vertical dimension of occlusion secondary to occlusal abra-
sion of the mandibular anterior teeth and loss of posterior occlusal
stops.

Figure 3.21. Intra-oral view of the patient in Figure 3.20 that demon-
strates severe occlusal abrasion of the mandibular anterior teeth.

provide clinicians with enough information to establish a
diagnosis and formulate treatment options.
Extra-Oral Examination

The extra-oral portion of the examination should include
evaluation of:

e Facial symmetry

e Vertical dimension of occlusion (Figures 3.20, 3.21)

Figure 3.22. Photograph of a patient smiling with a high lip line. Note
the amount of gingival tissues that are visible apical to the gingival two-
thirds of the anterior teeth.

Figure 3.23. Photograph of a patient smiling with a low lip line. None of
the maxillary anterior gingival tissues are visible with smiling.

e Smile line (amount of teeth and/or gingival displayed
while smiling and speaking) (Figures 3.22, 3.23)

e Condition of the muscles of mastication

e Mandibular range of motion

e Amount/noise associated with condylar translation
e Soft tissue profile: Class I, Il or Il

e Soft tissue pathology
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Figure 3.24. Clinical photograph of partially edentulous maxillae where
the maxillary right canine and maxillary left central incisor were retained
as overdenture abutment teeth. Note the minimal resorption that has
occurred over the 10 years that the patient had been restored with the
maxillary overdenture.

Figure 3.25. Clinical image of an edentulous mandible that has under-
gone severe resorption. This patient had been edentulous for 40 years.

Intra-Oral Examination

The intra-oral portion of an examination for an edentulous
patient should include evaluation of:

e Amount of resorption of the edentulous ridges (Figure
3.24)

e Size and shape of the edentulous jaws (Figure 3.25)

e Quality of tissues: attached, keratinized, non-keratinized,
loosely attached, mucosa

e |nter-occlusal space
e Jaw relationship: Class I, Il or llI
e |ocation and activity of the floor of the mouth

e | ateral throat form
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e Anatomy of the hard and soft palates

e Soft tissue pathology

If the patient is partially edentulous, dental implants may
represent only a portion of the potential treatment options.
The intra-oral examination should also consist of:

e |dentification of the remaining teeth—Periodontal chart-
ing: sulcus depths, mobility, furcation involvement,
presence/absence of attached gingival, bleeding,
suppuration

e Dental caries

e Defective restorations

e Malposed teeth

e QOcclusal analysis

e Quality/quantity of saliva

e Soft tissue pathology

Diagnostic Articulator Mounting

Properly oriented diagnostic casts provide clinicians with
three-dimensional views of dental and inter-arch relation-
ships and allow assessment of the amount and location
of resorption, inter-arch spacing, vertical dimension of oc-
clusion, and so on. Articulator mounted diagnostic casts
are called for in the presence of malocclusions, malposed
and missing teeth, and debilitated dentitions. Diagnostic
mountings may be made on various types of articulators:
simple hinge, semi-adjustable, and fully adjustable. In
“normal” cases, diagnostic casts may be mounted on sim-
ple hinge articulators (Figure 3.26). In cases in which the
vertical dimension of occlusion will be altered or there are
minimal posterior occlusal stops, semi- or fully adjustable
articulators are generally warranted (Besimo and Rohner
2005) (Figure 3.27).

Diagnostic Wax Patterns

Diagnostic wax patterns that identify the optimal positions
of missing teeth are critical to surgeons, restorative den-
tists, and dental laboratory technicians. It has been well
established that diagnostic wax patterns serve as the
basis for planning and treatment of patients with multiple
missing teeth (Nyman and Lindhe 1979). The maxillary
dental midline generally is in line with the facial midline
(Chiche and Penault 1994). The diagnostic wax patterns or
denture teeth should be constructed to develop pleasing
proportions relative to the size of the missing teeth, loca-
tion and shape of the gingival margins, and location of the
upper and lower lip lines. Of course, other anatomical limi-
tations must be taken into account prior to treatment (Fig-
ures 3.28 through 3.30).



Figure 3.26. Laboratory view of a maxillary master cast mounted
against a mandibular diagnostic cast on a simple hinge articulator.
Natural teeth surround the implant. The natural teeth have maintained
the vertical dimension of occlusion.

Figure 3.27. Laboratory view of a mandibular master cast mounted
against a maxillary diagnostic cast. The denture teeth in the maxillary
right posterior quadrant have been set into optimal positions in antici-
pation of the final occlusal relationships between the maxillary and
mandibular prostheses.

Surgical Guides

Surgical guides are useful in determining optimal implant
positioning in both edentulous and partially edentulous
patients (Garber 1995; Becker and Kaiser 2000). Surgical
guides are more difficult to use in edentulous patients
because once the soft tissue flaps have been reflected, the
surgical guides will no longer fit as they did on the diag-
nostic casts due to the lack of rigid anatomical landmarks
that can support the guides. Stability of surgical guides
during surgery is a key element in accurate implant place-
ment in edentulous patients. Transitional implants have
been advocated for use in stabilizing surgical guides in

Figure 3.28. Clinical view of a patient who suffered the loss of several
maxillary anterior teeth and portions of the maxillary alveolar process.
Note the asymmetry in the level of the gingival margin across the ante-
rior segment. The restorative volume available for the restorations
decreases from right to left.

Figure 3.29. Laboratory view of diagnostic casts for the patient in Fig-
ure 3.28 mounted on a semi-adjustable articulator with an adjustable
incisal guide table. The pencil lines represent the tentative location of
the gingival margins of the planned restorations. This information was
transferred to the implant surgeon via a surgical guide.

Figure 3.30. Laboratory view of diagnostic wax patterns for the patient
in Figures 3.28 and 3.29. The dental midline has been placed to be con-
sistent with the facial midline and relative symmetry has been estab-
lished with the remaining natural teeth.
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Figure 3.31. Laboratory view of a mandibular complete denture and
acrylic resin surgical guide. The surgical guide was made as a duplicate
complete denture with clear, autopolymerizing acrylic resin.

edentulous situations (Aalam and Reshad 2005). In eden-
tulous cases, surgical guides can be made duplicating the
dentures that have been made or that the patient pre-
sented with (Feldmann and Morrow 1970) (Figure 3.31).

The optimal placement of dental implants is dependent on
the amount and quality of bone available at the implant
sites and on the predetermined position of the implant
retained restorations (Graver and Belser 1995). To avoid
non-optimal implant placement, communication between
the implant surgeon and restorative dentist is essential. The
implant in Figure 3.32 was placed without the benefit of a
surgical guide (Figure 3.32). It was placed 5-6 mm superior
to the cemento-enamel junctions of the adjacent teeth, as
well as with a significant labial inclination. This situation
required the restorative dentist to use a custom abutment
for the implant-retained crown. Surgical guides provide the
surgeon with the requisite information relative to the three-
dimensional placement of implants (Figure 3.33).

Surgical guides for both edentulous and partially edentu-
lous situations may be made from multiple materials in-
cluding autopolymerizing acrylic resin, heat-cured acrylic
resin, and vacuum-formed materials (Sadan and Raigrod-
ski 1997). The critical criterion for surgical guides is that
they provide accurate information that identifies the prede-
termined position of the implant restoration(s) at the time of
implant placement. If implants cannot be placed in appro-
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Figure 3.32. Clinical view of implant impression coping in place. Note
the labial inclination and the location of the implant restorative platform
approximately 5-6 mm above the cemento-enamel junctions of the
adjacent teeth.

Figure 3.33. Laboratory view of surgical guide in place on a maxillary
diagnostic cast. The surgical guide has been contoured and clearly
identified the planned location of the cervical aspect of the implant-
retained crown that will replace the maxillary left central incisor.

priate positions to support/retain the implant restorations,
consideration should be given to abandoning the implant
portion of the procedure and attention be given to prepar-
ing the site for future implant placement with bone grafting.

Implant Bone Volume

One of the requirements for implant dentistry is that there
has to be an adequate amount of bone available for
implant placement. Long-term tooth loss is directly related
to decreased bone volume in edentulous patients (Crum
and Rooney 1978). Crum and Rooney used comparative
cephalometric radiographs and found that the retention of
mandibular canines led to preservation of alveolar bone
when compared to edentulous patients over a five-year
period. The vertical bone loss in the anterior mandible for
edentulous patients averaged 5.2 mm; the vertical bone
loss in the anterior mandible for overdenture patients aver-



Figure 3.34. Clinical view of an anterior mandible several months after
the patient experienced traumatic loss of the mandibular anterior teeth,
first premolars, and a significant portion of the anterior alveolar process.
A skin graft was performed as part of the reconstructive surgery in order
to provide fixed, keratinized tissues in lieu of masticatory mucosa.

aged 0.6 mm. Edentulous mandibles resorb significantly
faster than edentulous maxillae (Tallgren 1967, 1969).

Bone volume will also decrease secondary to traumatic
loss of teeth (Figure 3.34). With appropriate treatment plan-
ning, the bone and peri-implant soft tissue anatomy can be
reestablished to provide the support required for pre-
dictable and long-term function and aesthetics. If the bone
and soft tissue contours are inadequate, attempts must be
made to improve them prior to or during implant surgery.
Restoration-driven implant treatment must include an
understanding of the relationship between implants, the
available bone, and surrounding soft tissue contours (Gar-
ber and Belser 1995).

Bone volume should be viewed in three dimensions to
design implant placement for optimal aesthetics and func-
tion, with the appropriate implant length, diameter, restora-
tive platform, and abutment connection (Figures 3.35 and
3.36). The supra-crestal gingival mucosa can be approxi-
mately 3 mm in depth for patients with thick periotypes and
potentially 5 mm for patients with thin periotypes when the
sulcus is measured adjacent to a natural tooth (Saadoun
and Le Gall 2004). Sulcular depths can vary between 2.7
and 3 mm, respectively when measured in the mid-cervical
area of the tooth for the 2 biotypes (Kois 1994). Implants
should also ideally be surrounded by at least 2 mm of bone
to minimize facial bone resorption and to develop appro-
priate contours to the peri-implant soft tissue (Saadoun
and Le Gall 2004).

Ohrnell and Palmquist (1992) determined that at least 6.5
mm of space was needed to place a 4.0 mm diameter
implant between teeth. Esposito and Ekestubbe (1993)
have proposed 2 mm as the required space between the
periphery of implants and adjacent natural teeth that will

Figure 3.35. Clinical view of the anterior maxillae where three implants
were placed to replace the missing central and right lateral incisors.
Implant positioning was consistent with the original location of the miss-
ing teeth. Inter-dental papillae were reestablished secondary to optimal
implant placement.

Figure 3.36. Clinical view of the implant restorative platforms of the
patient in Figure 3.35. Inter-implant distance was determined at the time
of the diagnostic wax patterns and transferred to the mouth via surgical
guides. The implant sizes were selected based on the size of the miss-
ing teeth: 4.1 mm for the maxillary lateral incisor and 5.0 mm diameters
for the maxillary central incisors.

result in the development of acceptable inter-dental papil-
lae. Hebel and Gajjar (1997) have suggested that a dis-
tance of 2 mm plus the radius of the implant should exist
from the center of an implant to the curvature of the arch
formed by the facial surfaces of the adjacent teeth.

Inter-implant distance is also a critical concern when clini-
cians are faced with multiple missing teeth. Tarnow and
others (2000) have suggested that 3 mm of space exist
between adjacent implants to prevent resorption cones
around implants from fusing together. This parameter is
critical if patients are to be restored with individual porce-
lain fused to metal crowns. Testori has recommended that
5 mm as the inter-implant distance in the aesthetic zone is
safer than the 3 mm recommended above because 3 mm
may cause the loss of the inter-proximal bone peak that
support inter-dental papillae. (Testori and Bianchi 2005)
However, in the presence of significant vertical resorption,

Chapter 3: Diagnosis and Treatment Planning in Implant Restorative Dentistry 65



Figure 3.37. Clinical view of a patient missing multiple maxillary ante-
rior teeth for 10 years prior to implant treatment. Vertical resorption with
loss of alveolar bone and soft tissue was evident prior to implant place-
ment and prosthetic replacement.

this criterion alone will not guarantee optimal aesthetics
(Figure 3.37). If a patient presents with multiple missing
teeth in a large, continuous edentulous area, edentulous
criteria (7-8 mm inter-implant distance) might be used for
optimal implant placement (Figure 3.38, 3.39).

The height of the inter-dental papillae between natural
teeth has been correlated with the distance between the
inter-proximal height of bone and the dental inter-proximal
contact area (Tarnow and Magner 1992) The height of the
papillae between natural teeth and implants is correlated
with the position of the inter-proximal height of bone adja-
cent to the natural teeth (Garber 1995; Saadoun 1999;
Touati 2003) (Figure 3.40, 3.41). It has been demonstrated
that the ideal condition for creating inter-dental papillae
between natural teeth and implants is when the distance
between the inter-proximal bone and the inter-proximal
contact area is 3.4 mm (Choquet and Hermans 2001,
Tarnow and Elian 2003).

Testori has also suggested that in the aesthetic zone, clini-
cians should not merely consider implant survival as the
only success parameter (Testori 2005). Clinicians should
also address the aesthetic results and long-term stability of
the soft tissues (Kan and Rungcharassaeng 2003). Testori
and others (2005) have developed an Implant Aesthetic
Score based on the presence and stability of the inter-dental
papillae; facial/palatal ridge stability; texture of the peri-
implant soft tissue; color of the peri-implant soft tissue; and
gingival contours. Perfect outcomes would yield an Implant
Aesthetic Score of 9; acceptable outcome scores range
from 4-8; and compromised outcomes range from 0-3.
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Figure 3.38. Maxillary occlusal view of a patient missing teeth from

the right first premolar to the left second premolar. Implants were
placed according to an edentulous criterion for a fixed, hybrid implant
prosthesis.

Figure 3.39. Occlusal view of maxillary fixed hybrid implant-retained
prosthesis for the patient in Figure 3.38. This patient had minimal A/P
resorption and required minimal lip support from the prosthesis.

Implant treatment, especially in the aesthetic zone, de-
mands predictability and good long-term prognoses. An
understanding of the biology of both the hard and soft tis-
sues is necessary to generate optimal aesthetics. Biologic
and restorative considerations must drive clinical implant
treatment. Optimal treatment depends on the shape and
density of the alveolar bone, the gingival biotype and thick-
ness, and the presence of inter-proximal bone for the adja-
cent natural teeth. The preceding discussion has also illus-
trated that the three-dimensional position of the implant
restorative platform, the horizontal distance between
implants and adjacent teeth, the vertical distance between
inter-proximal bone, and the apical inter-proximal contact
areas also must be factored into implant surgical treatment.



Figure 3.40. Anterior view of implant-retained crowns that replace the
maxillary lateral incisors: inter-dental papillae completely fill the gingival
embrasures.

Figure 3.41. Anterior view of an implant-retained crown that replaced a
maxillary lateral incisor 17 months post insertion. Note the differences in
restorative volume associated with the adjacent natural tooth (maxillary
central incisor) and adjacent implant restorations (maxillary canine and
premolars).

Implant Restorative Volume

Implant restorative volume refers to the amount of space
available for the actual implant-retained restoration
(Jansen and Weisgold 1995). It may refer to both remov-
able and fixed restorations. Managing dental conditions
related to premature tooth loss generally requires an inter-
disciplinary approach. The design of implant restorations
is dependent on anatomic parameters, personal opinions,

Figure 3.42. Clinical view of a healing abutment in place in the site of a
missing maxillary right central incisor. The peripheral surfaces of the
healing abutment were in contact with the interproximal surfaces of the
adjacent teeth.

Figure 3.43. Clinical view of the implant-retained crown for the patient
in Figure 3.42. Even with restoration of the left maxillary central incisor
with a porcelain veneer, there was not enough restorative volume avail-
able for optimal symmetry between the two maxillary central incisors.

and financial data. One of the anatomic parameters
involves the amount of space available for implant and
prosthetic components. Too little space in any of the three
dimensions for a given restoration is a contra-indication for
implant surgery (Figures 3.42, 3.43). Optimal treatment in
this case may have included orthodontics or inter-proximal
stripping of the adjacent teeth prior to implant placement.
Implant restorative volume must be viewed in conjunction
with implant bone volume.
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Figure 3.44. Clinical view of a patient with agenesis of the maxillary
left lateral incisor. There appears to be adequate space available for an
implant-retained crown.

Figure 3.45. Radiograph of the patient in Figure 3.44 demonstrated
that there was inadequate bone volume for implant placement in the
area of the lateral incisor.

Clinicians should also not assume that edentulous spaces
with adequate restorative volume always have enough
bone available for implant placement (Figures 3.44, 3.45).

Implant restorative volume is also critical in the vertical
plane and may be too great if the implant bone volume is
deficient in the vertical plane (Figure 3.46). Kois (1994) has
described variations in levels of the osseous crest based
on the vertical distance of the osseous crest to the Free
Gingival Margin (FGM) as normal, high and low. Kois
stated that the greater the distance between the osseous
crest and FGM of a natural tooth prior to extraction, the
greater the risk of tissue loss post-operatively. If the depth
of the gingival sulcus in the mid-facial area of a tooth is 3
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Figure 3.46. Clinical photograph of an implant-retained crown replac-
ing a maxillary right central incisor. Due to a lack of vertical bone, the
implant had to be placed approximately 5-6 mm apical to the CEJs of
the adjacent natural teeth. The implant restorative volume was greater
than normal and resulted in a longer implant restoration when com-
pared to the adjacent natural teeth.

Figure 3.47. Radiograph of two maxillary central incisors. The left cen-
tral incisor had a horizontal root fracture (not visible on the radiograph).

mm, one may expect minimal gingival recession of 1 mm
after extraction of a tooth with immediate implant place-
ment. If the depth is significantly greater than 3 mm, there
may be aesthetic compromises in the symmetry of the gin-
gival margins (Figures 3.46-3.49).

The height of the inter-dental papillae is related to the verti-
cal distance between the greatest height of inter-proximal
bone of an adjacent tooth and the level of the inter-



Figure 3.48. Radiograph of the implant that was placed immediately
after the maxillary left central incisor in Figure 3.47 was extracted. Note
the distance between the implant restorative platform and the location of
the Cemento-Enamel Junctions of the adjacent teeth.

Figure 3.49. Clinical view of implant-retained crown from the patient in
Figures 3.47 and 3.48. Note the length of the implant restoration relative
to the lengths of the adjacent anterior teeth. Pink gingival porcelain was
used to mask the height of the restoration.

proximal contact area between the natural tooth and the
implant-retained crown (Tarnow and Elian 2003). If this dis-
tance is less than 4 mm, there is less risk for loss of the
inter-dental papilla (Kois 2004) (Figures 3.50, 3.51).

Inadequate restorative volume can also be found in eden-
tulous patients. The implant surgeon must be aware of the
design of the planned prosthesis. In this instance, the
restorative components were too large relative to the avail-
able space (Figure 3.52). This situation reduced the

Figure 3.50. Panoramic radiograph of a patient with congenital
absence of the maxillary lateral incisors. The vertical bone levels of the
implant sites are within 1-2 mm of the CEJs of the adjacent natural
teeth.

Figure 3.51. Clinical image of the implant-retained crowns replacing
the missing maxillary lateral incisors of the patient in Figure 3.50. Note
the presence of inter-dental papillae in the gingival embrasures sur-
rounding the implant restorations.

Figure 3.52. Clinical view of a cast framework and two O-ring abut-
ments that were used to retain and support a mandibular overdenture.
There was not enough restorative volume available to provide adequate
thickness to the overdenture and these oversized implant restorative
components.
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Figure 3.53. Laboratory view of mounted master casts for a patient
who has been edentulous for 23 years. Note the significant amount of
implant restorative volume available for implant restorative components,
denture teeth, and denture bases.

restorative volume available for the removable prosthesis
and caused the prosthesis to fracture. There is generally
adequate implant restorative volume in patients who have
been edentulous for extended lengths of time (Figure
3.53).

Treatment Planning

Treatment planning is essential for the efficient, timely treat-
ment of patients. Dental treatment planning can be devel-
oped in the following fashion:

1. Relief of pain
2. Elimination of infection

3. Interim correction/treatment for aesthetics per patient
request

4. Endodontic therapy
5. Periodontal therapy

6. Interim treatment related to significant functional impair-
ment

7. Removal of hopeless, nonstrategic teeth

8. Occlusal treatment including occlusal adjustment and
orthodontic therapy

9. Definitive treatment including surgical placement and
restoration of implants

The final implant treatment plan must be deferred until the
patient’s condition is stabilized. At this time the oral condi-
tions should be recharted and the patient’s initial response
to treatment should be reassessed. Consideration can
then be given to the type of prosthesis required for a par-
ticular patient and the position and number of implants
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required to meet the functional and aesthetic requirements.
This assessment must then be shared with the implant sur-
geon prior to implant surgery.

During the last 20 years, dental implants have become one
of the first options that clinicians consider in the treatment
of edentulous and partially edentulous patients. The
advantages associated with dental implants have been
presented in numerous studies and include, but are not
limited to, increased chewing efficiency, improved reten-
tion and support for removable prostheses, and decreased
bone loss. There are also several disadvantages associ-
ated with dental implants that include long treatment times,
financial expense, multiple surgeries, and the potential to
have to go without existing prostheses for several periods
of time. Dentulous and edentulous patients present with
different anatomical conditions and prosthetic require-
ments and are discussed separately.

Edentulous Patients

Patients who have lost all their natural teeth have generally
been treated with complete dentures. Function, phonetics,
aesthetics, and comfort are key elements of successful
complete denture treatment (Terrel 1958). Edentulous
patients cannot be classified as a single diagnostic group
because of the significant variations among them and the
different treatment modalities that may be used to treat
them. McGarry and others (1999) have developed a grad-
uated classification system that describes the varying lev-
els of loss of denture-supporting structures. A complete
discussion of this classification system is beyond the
scope of this text. However several key points are
addressed. (McGarry and others 2006)

The identification and measurement of residual mandibular
ridge bone height is the most easily quantified objective
criterion (Atwood 1962). Mandibular ridge height has been
classified as Type | (most favorable: radiographic mea-
surement of at least 21 mm of bone height at the shortest
vertical height) through Type IV (least favorable: where the
greatest residual height measured at the shortest level is
10 mm or less).

Residual ridge morphology is the most objective criterion
for edentulous maxillae because measurement of the max-
illary residual ridge height by radiography is not reliable
(Davis 1997). The morphology is identified as Type A (most
favorable) to Type D (least favorable). The system qualifies
other anatomic conditions that include mandibular muscle
attachments and maxillomandibular relationships. These
classifications are then considered in the overall diagnos-
tic classification of edentulism.

All the criteria are considered and patients are placed into
a diagnostic classification system. Class | patients have



residual mandibular bone heights of at least 21 mm; maxil-
lary residual ridge morphology that will resist horizontal
and vertical movement of denture bases; muscle attach-
ments that are conducive to denture base stability and
retention; and a Class | maxillomandibular relationship.
Class IV patients have a mandibular residual bone height
of 10 mm or less; maxillary edentulous ridges that offer no
resistance to horizontal or vertical movement; muscle
attachments that can be expected to have significant influ-
ence on denture base stability and retention; with Class |, Il
or Il maxillomandibular relationships.

Experienced clinicians have noticed that clinical success
in treating edentulous patients will not be guaranteed by
simply making a diagnosis and performing impressions,
jaw relation records, and so on. Achieving clinical success
is a complex task; implant-retained or supported prosthe-
ses will not guarantee success.

Implants have proven to be successful for fixed and
removable implant prostheses (Branemark and Tolman
1998; Engquist and others 2005). In addition to anatomic
considerations, clinicians also must identify existing prob-
lems that patients are experiencing and be aware of finan-
cial considerations in determining potential solutions to
those problems. The prostheses can then be designed that
will also include the number and location of dental implants
required to support/retain the implant prostheses (Carpen-
tieri 2004)

Overdentures

Bone remodeling is influenced by mechanical and biologic
factors (Frost 1983). There has been significant discussion
relative to the causes of residual ridge resorption; it is suffi-
cient to say that residual ridge resorption occurs at varying
rates for individuals and at different rates within the same
individual (Atwood 1963; Tallgren 1972; Woelfel and others
1976). Due to continued residual ridge resorption, even
patients with implants in the anterior mandible will need to
have their overdentures relined or re-based, retentive clips
changed, and resilient attachments replaced at timely
intervals (Figure 3.54).

Maxillary and mandibular implant-supported/retained
overdentures are significantly different from each other.
This discussion concentrates on implant overdentures in
the treatment of the edentulous mandible. A significant
number of edentulous patients seek implant treatment that
calls for multiple, splinted implants for fixed, nonremovable
prostheses. However, in cases in which there has been
significant resorption, a removable implant-supported
overdenture may be the treatment of choice, because a
flange is required to provide optimal lip support (Parel
1986) (Figures 3.55, 3.56).

Figure 3.54. Intaglio surface of a mandibular implant-supported over-
denture for which the patient did not return for recall appointments on a
timely basis. Notice the damage to the O-rings and the plastic retentive
clip.

Figure 3.55. Intra-oral photograph of 2 mandibular implants splinted
with a cast bar to support and retain a mandibular overdenture (10
years post insertion).

Figure 3.56. Extra-oral photograph of the patient in Figure 3.54 where
due to the loss of the mandibular teeth and alveolar bone, the mandibu-
lar overdenture flange was required to support the lower lip, consistent

with the patient’s aesthetic requirements.
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Figure 3.57. Clinical image of four unsplinted implants with resilient
overdenture abutments in place. In the presence of severe resorption,
lack of adequate space is rarely a clinical challenge.

Multiple mandibular implants can preserve and maintain
more bone than two implants that have been placed in the
anterior segments. Removable implant prostheses require
less bone for implants than do their fixed prosthetic coun-
terparts (Hobo 1989) and can be considerably less expen-
sive to fabricate (Walton and MacEntee 1994). One of the
more common methods used to treat edentulous patients
was to place and splint the implants together with a cast
bar. Attachments could be fabricated within the bars for
additional retention (Naert, Quirynen, and others 1994).
Alternatively, implants could be used and not splinted
together.

Overdentures tend to be space sensitive, and therefore
proper treatment planning and communication between
the restorative dentist and implant surgeon is essential.
Unsplinted mandibular implants generally require 5 to 7
mm of vertical restorative space and have to be placed
within the dimensions of the denture base (Figure 3.57).
Splinted implants generally require at least 9 to 11 mm of
vertical restorative space, have to be placed within the
denture base, and must allow adequate thickness for
acrylic resin to withstand masticatory forces without frac-
turing (Figure 3.58).

The relative success of the two methods has been the sub-
ject of multiple studies (Naert, De Clercq, and others 1988;
Engquist 1991). Kirsch (1991) reported that unsplinted
implants were not successful over time. Mericske-Stern
(1994) reported that there was no difference in clinical suc-
cess between bar-clip and ball attachment-retained over-
dentures. In a one-year randomized clinical trial, Walton
and others (2002) reported that fabrication time, number of
appointments, and chair time were similar for prostheses
made with bar/clip or ball attachment retentive elements.
However, the ball attachment dentures required about
eight times longer repair times than did repairs for bar/clip
overdentures.
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Figure 3.58. Intra-oral view of an implant-retained bar that splinted
three mandibular implants. Note the significant height of the abutments
and casting. The increased bulk of the casting required increased thick-
ness in the lingual denture flange or an increased risk of denture frac-
ture. Due to the limited inter-arch distance, this patient may have been
better served with non-splinted overdenture attachments.

Figure 3.59. Panoramic radiograph of a patient at the 10-year recall
appointment. Pre-operatively, this patient had experienced considerable
bone resorption in the mandible. The patient did not wish to undergo
bone grafting for the resorption in the posterior mandibular segments.
However, the patient did have adequate bone volume between the men-
tal foramen for implants and has successfully maintained the implants
and anterior bone volume for 10 years.

Fixed Hybrid Implant-Retained Prostheses-
Edentulous Mandible

The use of osseointegrated implants in the treatment of the
edentulous mandible is the most documented type of den-
tal implant therapy (Adell and others 1981). Placement of
4-6 endosseous implants between or distal to the mental
foraminae with either single-stage or two-stage surgical



Figure 3.60. Intra-oral photograph of a patient with a maxillary com-
plete denture and a mandibular fixed implant-retained prosthesis at the
12-year recall appointment.

Figure 3.61. Intra-oral photograph of the right posterior segment of the
patient in Figure 3.60 that demonstrates significant occlusal abrasion of
the mandibular prosthesis. The amount of occlusal abrasion demon-

strated by this edentulous patient was unusual, but illustrates how much
force an edentulous patient can generate with osseointegrated implants.

protocols has proven to be a safe, reliable, and predictable
means for providing fixed implant-retained prostheses.
Placing implants between the mental foramen in the ante-
rior mandible can overcome the limitations of inadequate
bone volume in the posterior mandible (Figure 3.59). Most
implants used in the treatment of the edentulous mandible
for fixed prostheses have generally been 4 mm in diameter
and at least 10 mm long (Figures 3.60, 3.61).

Fixed implant-retained prostheses provide patients with
the most stable and retentive prostheses. They have been
particularly useful in patients who cannot manage conven-

Figure 3.62. Clinical photograph of a patient with a severe Class Il
malocclusion. This patient would probably not do well with conventional
complete dentures.

tional complete dentures secondary to severe resorption,
trauma, severe malocclusions, or tumors (Figure 3.62). The
patient illustrated in Figure 3.62 presented with a severe
Class Il malocclusion and periodontal disease. He de-
cided to have his remaining teeth extracted and initially
replaced them with complete dentures. He was unable to
manage the complete dentures and proceeded with
implant placement and construction of a fixed implant-
retained prosthesis.

Fixed Hybrid Implant-Retained Prostheses-
Edentulous Maxillae

Treatment of edentulous maxillae with dental implants is
considered to be more challenging than treatment of eden-
tulous mandibles (Adell and others 1970; Jemt 1993;
Lekholm and Zarb 1983; Misch 1993). The upper jaw is
actually composed of paired maxillary bones. The maxil-
lary complex sustains and protects the organs associated
with sight, smell, and taste. Each maxillary bone contains
an air-filled sinus that is connected to the other sinuses of
the face.

The maxillary alveolar ridge is also responsive to physical
stimuli. Compressive forces can destroy the maxillary
alveolus after the natural teeth have been lost (Atwood
1963). The maxillae generally resorb vertically and medi-
ally, whereas edentulous mandibles resorb anteriorly and
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Figure 3.63. Laboratory mounting of edentulous master casts at the
determined vertical dimension of occlusion. Note that the maxillary
edentulous ridge is within the confines of the mandibular edentulous
ridge.

Figure 3.64. Laboratory mounting of an edentulous maxillary cast
approximately 15 years post implant placement. Note the minimal
anterior/posterior resorption that has occurred relative to the casts in
Figure 3.63. This edentulous maxilla has been physiologically loaded
by virtue of the endosseous implants and has undergone minimal
resorption.

laterally (Figures 3.63, 3.64). This resorption pattern is
partly responsible for the difficulties encountered in replac-
ing the maxillary dentition with a fixed implant-retained
prosthesis, because often a denture flange is required to
provide lip support (Figures 3.65-3.68).

The loss of mechanical stimulation within the maxillary
alveolus leads to resorption, and this needs to be antici-
pated for both surgical placement of implants and the
prosthetic reconstruction. (Schnitman 1998) Long-term
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Figure 3.65. Laboratory articulator mounting of a patient with retrog-
nathic maxillae associated with cleidocranial dysostosis. This type of jaw
relationship would be a contra-indication for a fixed implant-retained
prosthesis because a flange would be needed for lip support.

Figure 3.66. Laboratory view of the removable partial overdenture
used to treat the patient in Figure 3.65. The labial flange was required
to provide optimal support for the upper lip and compensated for the
anterior/posterior skeletal deficiency of the maxillae relative to the
mandible.

Figure 3.67. Laboratory view of articulated edentulous maxillary and
mandibular casts. Note the anterior/posterior deficiency of the anterior
maxillary ridge relative to the labial surface of the mandibular waxed
denture. This patient wanted a fixed, implant-retained prosthesis. The
initial prosthesis was designed with a labial flange for optimal lip
support.



Figure 3.68. Intaglio surface of the maxillary fixed implant-retained
prosthesis one month post insertion for the patient in Figure 3.67. The
thickness and depth of the labial flange precluded oral hygiene proce-
dures in and around the abutments. This resulted in significant plaque
accumulation along with extrinsic staining of the intaglio surface of the
fixed prosthesis. For this patient, a fixed implant-retained prosthesis was
contra-indicated due to the amount of anterior/posterior maxillary
resorption and the amount of lip support required to satisfy the patient’s
aesthetic requirements.

Figure 3.69. Laboratory view of an edentulous maxillary cast with
seven implant analogs. These implants were restored with individual
custom cast abutments and all of the teeth were replaced with three
fixed partial dentures.

success for fixed implant-retained maxillary prostheses
has been achieved with 4-8 implants (Branemark 1977);
some authors have suggested that 8-12 implants are
required (Scortecci 1999). In the case of minimal ante-
rior/posterior maxillary resorption, a fixed implant-retained
prosthesis can be utilized to replace a missing maxillary
dentition (Figures 3.69-3.71).

Figure 3.70. Laboratory articulator mounting of the edentulous maxil-
lary cast with implant abutments for a porcelain fused to metal FPD
from Figure 3.69. Note and contrast the relationship between the labial
surfaces of the maxillary anterior abutments and the facial surfaces of
the mandibular teeth in this figure with the relationship demonstrated in
Figure 3.67. Minimal anterior/posterior resorption is correlated with
less need for labial flanges in maxillary implant prostheses.

Figure 3.71. Laboratory view of the left maxillary FPD from Figures
3.69 and 3.70. This patient did not require a flange for lip support. The
maxillary anterior FPD provided appropriate lip support with the con-
tours of the metal/ceramic prosthesis.

Partially Edentulous Patients

Dental implants may also be used to successfully treat par-
tially edentulous patients missing one or more teeth. The
procedures associated with replacing single missing teeth
with implant-supported restorations have high success
rates, do not involve irreversible preparation of the adja-
cent natural teeth, typically yield high patient satisfaction,
and have been documented in virtually all anatomic loca-
tions within either arch (Naert and others 2000; Haas and
others 2002; Krennmair and others 2003; Vermylen and
others 2003).
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Treatment Goals

Sadan and others (2004) identified two treatment goals for
replacing single missing teeth with dental implant restora-
tions: restoration of occlusal stability with opposing and
adjacent natural teeth; and creation of an illusion of a natu-
ral dento-gingival complex. In a perfect world, all the pre-
ceding goals should be accomplished in every clinical sit-
uation. However, the significance of each goal may be
different for patients with missing teeth in different ana-
tomic locations.

Sadan and others (2004) have recommended that the den-
tal implant restoration must first achieve the treatment
goals that are crucial to the location of the missing tooth
and then achieve the remaining goals only if they can be
accomplished in a practical manner. This approach may
preclude additional surgeries and/or multiple procedures.
They have classified implant restorations into anterior ver-
sus posterior. Posterior restorations should first satisfy
occlusal function; anterior restorations may address aes-
thetics first (Figure 3.72, 3.73).

Screw-Retained Restorations

Single-implant restorations may be either screw- or
cement-retained. Both of these designs have benefits and
limitations for restorative dentists and patients. The most
advantageous design feature for screw-retained crowns
involves the issue of retrievablility of implant restorations
(Jemt and others 1991). The success or failure of implant
restorations often depends on the success or failure of
the abutment/implant connection (Figure 3.74). Screw-
retained single unit implant restorations may have the
advantage of using titanium trans-gingival cylindrical abut-
ments that provide an optimal biologic seal (Figure 3.75).
However, standard titanium abutments do not provide the
emergence profile required of natural teeth (Figure 3.76).

The most problematic characteristic associated with im-
plant retained single-unit restorations involves the risk of
screw loosening. There have been numerous reports of
screw loosening and/or screw fracture in implant dentistry
(Jemt and others 1992; Becker and Becker, 1995;
Goodacre and others, 1999). Screw loosening of small
cylinder retaining screws was encountered more fre-
quently than abutment screw loosening. Screw-retained
restorations that included abutments and cylinders re-
quired a significant amount of inter-occlusal clearance in
order to provide sufficient space for all the implant restora-
tive components. If vertical space was limited, the retain-
ing screws were frequently exposed to the oral cavity, and
occlusal morphology was sacrificed (Figure 3.77).

Screw retention may be the treatment of choice if the
implant margin extends greater than 3 mm into the sub-
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Figure 3.72. Occlusal view of three individual implant crown restora-
tions replacing the mandibular left first and second molars and the left
second premolar. Note the decreased occlusal table for the second
molar restoration. This crown was supported by a 4.1 mm by 8.5 mm
implant. The decreased occlusal table minimized the cantilevers that
may have been evident if the crown was made with a normal occlusal
table for a second molar.

Figure 3.73. Clinical buccal view of individual implant restorations
replacing the maxillary right first premolar and canine teeth 10 years
post restoration. The peri-implant soft tissues surrounding the implant in
the first premolar site apparently did not have an adequate blood supply
to sustain the soft tissues around the implant abutment. The soft tissue
receded and exposed the implant abutment. However, this patient had a
low lip line and did not expose the implant restorations during speaking
or smiling. The canine restoration was visible during speaking and smil-
ing and satisfied the patient’s aesthetic needs.

gingival environment (Taylor and others 2000). This ration-
ale has been explained as the limited capacity for removal
of excess cement. With continued technological advances
including precise machining, enhanced screw surfaces,
and predictable application of appropriate torque, abut-
ment screw loosening does not seem to be a significant
clinical problem (Keith and others 1999; Drago 20083).



Figure 3.74. Radiograph of two implants in the left posterior mandible:
the posterior, 4.1 mm by 10 mm implant fractured 18 months post inser-
tion under occlusal loading and had to be removed.

Figure 3.75. Occlusal surface of a standard abutment that had been
used in conjunction with a gold cylinder for a screw-retained crown
restoration replacing the mandibular left first molar. The gold retaining
screw had fractured inside the channel of the abutment screw. Note the
healthy appearance of the peri-implant tissues surrounding the titanium
abutment.

Cement-Retained Restorations

The major limitation in using cement-retained single-unit
implant restorations was the potential of an abutment
screw becoming loose, while the cement-retained crown
remained cemented to the abutment (Sadan and others
2004). This clinical situation would involve sectioning the
cement-retained crown in order to get access to the abut-
ment screw. A loose abutment screw might necessitate re-
making the cement-retained crown.

Figure 3.76. Radiograph of the abutment in Figure 3.75. Note the cylin-
drical, non-anatomic shape of the standard abutment.

Figure 3.77. Occlusal view of a screw-retained implant prosthesis

10 years post insertion. The prosthesis was designed as two crowns,
splinted together to replace two maxillary molars. The prosthesis was
supported by two 4.1 mm diameter implants. In the event that one or
more of the screws became loose, the prosthesis could be retightened.

Cement-retained single-unit implant restorations are indi-
cated where angle correction is needed and the long axis
of the implant would create a screw access opening in the
facial or buccal surface of a screw-retained single-unit
implant restoration. This is frequently seen in the anterior
maxillae in which the orientation of the alveolus is not coin-
cidental with the angulation of the teeth (Figures 3.78,
3.79).
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Figure 3.78. Lateral view of a laboratory abutment screw that was
screwed into an implant laboratory analog. The implant was placed
appropriately within the alveolus. For a screw-retained restoration, the
screw access opening would have been located in the gingival third of
the crown restoration. An abutment and cement-retained crown was the
treatment of choice for optimal replacement of this missing tooth.

Figure 3.79. Facial view of the custom implant abutment in place on
the master cast from Figure 3.78. Note the minimal vertical height of

the facial surface of the abutment and the location of the screw access
opening. The crown cemented to this abutment was retained by virtue of
the retention and resistance form generated with the abutment design,
similar to crown retention on natural teeth preparations.
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Figure 3.80. Three titanium alloy custom abutments in place on a mas-
ter cast that will be used in conjunction with three individual cement-
retained crowns.

Figure 3.81. Laboratory view of a custom gold alloy cast UCLA Abut-
ment (maxillary right cuspid) and a stock, pre-machined titanium alloy
abutment (GingiHue® Post, maxillary right central incisor). The custom
UCLA Abutment was needed because the distal implant was placed in a
more mesial location than originally treatment planned. The axial walls
of both abutments were prepared with minimal taper to provide reten-
tion and resistance form for retention for the 3-unit fixed partial denture.

Figure 3.82. Laboratory facial view of zirconia abutment (ZiReal™
Post), as received from the manufacturer, in place on a master cast.
The abutment will be prepared consistent with preparation guidelines
for a natural tooth to be restored with an all-ceramic crown.



Cement-retained implant crowns require the use of abut-
ments with configurations similar to those associated with
preparation of natural teeth: 6° axial convergence, sub-
gingival margin placement in aesthetic areas, and ade-
quate reduction in preparation for appropriate thickness of
restorative materials (Salinas and others 2004). Abutments
may be made from titanium, cast gold alloys or high-
strength ceramics (Figures 3.80-3.82). Each of these mate-
rials will be illustrated in the appropriate clinical chapters.

Implant Loading Protocols
Two-Stage Surgical Protocol

The concept of osseointegration of dental implants is
based on research that began in 1952 with microscopic
studies of bone marrow in rabbit’s fibula (Branemark 1959).
Through animal and human controlled experimental stud-
ies, it was found that a titanium implant inserted into an
osteotomy of a predetermined size, allowed to heal without
macroscopic movement in an unloaded, nonfunctional
environment, became surrounded by a layer of compact
bone without soft tissue interposed between implant and
bone (Branemark 1983). The first edentulous patient was
treated in 1965 using Branemark’s principles of osseointe-
gration with a two-stage surgical protocol and unloaded
healing.

With this protocol, a full thickness muco-periosteal flap was
reflected and the edentulous ridge was exposed. Osteo-
tomies were prepared into the bone at preselected sites,
consistent with the design of the definitive implant-retained
prosthesis. The osteotomies were gradually enlarged with
a series of drills with increasing diameters until a certain
diameter was reached, consistent with the size of the
planned implants. The implants were placed into the
osteotomies below the crest of bone, and cover screws
were applied and hand tightened. The flap was primarily
closed and the patient was dismissed. The implants were
allowed to heal without occlusal function for a period of
three to four months in mandibles and at least six months
in maxillae (Branemark and others 1977). Patients gener-
ally could not wear their preexisting dentures for the first
several days after this first surgery. The dentures were then
relieved and relined with a tissue conditioning material that
would be changed periodically during osseous healing
(Figures 3.83, 3.84). The implants were then uncovered
and transmucosal abutments were placed in preparation
for the prosthetic treatment (Figure 3.85).

The original purpose of osseointegration in clinical den-
tistry was to rehabilitate the edentulous or partially edentu-
lous patient back to a state similar to a dentate condition.
Adell and others (1981) published one of the initial long-
term studies that reported on the success of osseointe-
grated implants in edentulous jaws. During a 15-year
period, 2,768 implants were placed into 410 edentulous

Figure 3.83. Clinical photograph of an edentulous mandible two weeks
after four implants were placed with a two-stage surgical protocol.

Figure 3.84. Intaglio surface of the complete denture for the patient in
Figure 3.83 after it was relined with a tissue conditioning material.

Figure 3.85. Transmucosal standard abutments in place after the sec-
ond surgical procedure was performed for the patient in Figure 3.83.
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Figure 3.86. This patient had two implants placed three weeks prior to
this photograph. Healing abutments were placed at the time of implant
placement in a one-stage surgical protocol. The pre-existing denture
was relieved and relined with a tissue conditioning material at the time
of surgery.

jaws of 371 consecutive patients. Patients were followed
between five and nine years. Patients with 895 implants in
130 jaws were followed with clinical and radiographic
examinations. Eight-one percent of the maxillary implants
and 91% of the mandibular implants were stable and con-
tinued to support the implant fixed prostheses. Eighty-nine
percent of the maxillary prostheses and 100% of the mandi-
bular prostheses were reported as stable and functional.

Numerous other studies have replicated or improved upon
the above results (Lekholm and others 1994; Lekholm and
others 1999; Friberg and others 1997; Testori and others
2001).

There are two major disadvantages associated with two-
stage surgical protocols: patients are asked to go without
their preexisting dentures for a period of time immediately
after the first surgery; patients have to undergo a second
surgical procedure to uncover the implants.

Single-Stage Surgical Protocol

In single-stage surgical protocols, implants are placed into
osteotomies prepared similarly to osteotomies in two-stage
surgical protocols. However, instead of placing cover
screws and closing the surgical wound for unloaded heal-
ing, the implants are restored with healing abutments that
are left exposed to the oral environment (Figure 3.86).
Despite the differences in the preceding protocols, both
single- and two-stage protocols have demonstrated highly
predictable, favorable outcomes (Buser and others 1999;
Adell and others 1990; Haas and others 1996; Bernard and
others 1995). Single-stage surgical protocols have also
been used with single implants replacing individual teeth
(Figure 3.87).
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Figure 3.87. This patient had this implant and healing abutment placed
at the same surgical appointment (single stage protocol). The healing
abutment was selected to approximate the contours of the premolar that
was congenitally missing.

Early Loading Protocol

The traditional loading protocol for machined titanium
endosseous implants was initially established at four and
six months for edentulous mandibles and maxillae, respec-
tively. Testori and others (2002) reported the results of a
three-year study in which OSSEOTITE®implants were
placed and loaded with full functional occlusions eight
weeks post implant placement. The study reported on the
clinical success of implants and prostheses: 405 implants;
99 single tooth restorations; 119 short-span fixed partial
dentures; and 11 full arch prostheses. The mean time inter-
val from implant placement to provisional restoration with
full occlusion was 2.0+/—0.7 months. Nine failures were
reported with up to three years of follow-up. Four mandibu-
lar and two maxillary implants failed prior to occlusal func-
tion; three additional mandibular implants failed after load-
ing. Testori and others reported a cumulative survival rate
of 97.5% for mandibular implants, 98.9% for maxillary
implants. The post occlusal loading cumulative survival
rate was 98.9% for mandibular implants and 100% for
maxillary implants. They concluded that OSSEOTITE®
implants could be safely loaded two months post place-
ment. Early loading of OSSEOTITE® implants may be
safely prescribed in certain clinical situations. It may be
important to note that this study reflected the success of
straight walled implants. The results may not be applicable
to tapered implants, which have decreased bone/implant
contact because tapered implants have less surface areas
than do straight wall implants.

However, there is still some controversy relative to early
loading protocols (Szmukler-Moncler and others 2000).
The aforementioned researchers raised a question in that



most clinical studies report the success or failure of
implants to become osseointegrated as the clinical
absence of mobility. Szmukler-Moncler discussed the pos-
sibility that this alone is not enough to assess osseointe-
gration. They postulated that a thin, fibrous layer can
develop at the bone/implant interface and if this layer is
thin enough, clinical immobility can still be ascertained in
short or intermediate time frames. Readers are advised
to carefully evaluate research papers relative to early load-
ing of dental endosseous implants.

Immediate Occlusal Loading® Protocol

The original Branemark implant protocol recommended
multiple months of stress-free healing to achieve osseoin-
tegration of dental implants (Adell and others 1970; Adell
and others 1981:; Branemark 1983; Branemark and others
1973). There are now numerous studies that demonstrate
that immediate loading of dental implants may lead to pre-
dictable osseointegration (Schnitman and others 1997;
Tarnow and others 1997; Testori and others 2001).

In a comprehensive review of the literature, Szmukler-
Moncler and others (2000) concluded that early loading is
not responsible for the lack of osseointegration. Failure of
implants to become osseointegrated is due to the pres-
ence of excessive micromotion during healing. There ap-
pears to be a tolerance of micromotion between 50 and
150 wm. They demonstrated that implant design, surface
texture, loading, and prosthetic treatment dictate the type
of bone response around implants before the traditional
healing periods of at least three months. Implants should
be at least 10 mm in length and bone densities of less than
Type Il should be avoided.

Immediate Occlusal Loading® in edentulous mandibles
requires the presence of multiple, splinted implants with
cross-arch stabilization. Primary stability is required of
implants placed and restored with this protocol. This has
been defined as insertional torque values of at least 32
Ncm (Nikellis and others 2004). The implants must be
loaded within 72 hours of implant placement (Cooper and
others 2002). Rough surface texture implants may demon-
strate greater initial bone to implant contact and greater
biomechanical interlocking of the implants to bone than
machined surface implants (Cooper 2000).

Immediate Occlusal Loading® of dental implants has not
been quite as successful in maxillae when compared to
the successes noted in edentulous mandibles (Schnitman
and others 1997; Balshi and Wolfinger 1997). Immediate
Occlusal Loading® of dental implants requires a careful and
precise process in which the primary goal is to provide
patients with optimal treatment in a timely fashion. Long-
term clinical follow-up studies are still required in order to

assess the long-term efficacy of Immediate Occlusal Load-
ing® of multiple, splinted implants in edentulous jaws.

Immediate Non-Occlusal Loading Protocol

Immediate Non-Occlusal Loading (INOL) of single dental
implants is distinctly different from Immediate Occlusal
Loading® of multiple, splinted implants. When Immediate
Occlusal Loading® protocols were successfully applied in
the treatment of partially edentulous patients, the implant
restorations were taken out of direct occlusal contact
(Wohrle 1998; Degidi and Piattelli 2003).

Testori and others (2003) reported the results of a clinical
study that involved 32 patients and 101 implants. All of the
implants were seated with at least 30 Ncm of insertional
torque. Implants (17 tapered, 35 straight wall) were
restored with provisional restorations on the same day or
the next day and were kept out of occlusal contact.
Implants (19 tapered, 30 straight wall) were also placed
and loaded eight weeks after placement. The cumulative
survival rate (CSR) for the INOL implants was 96.15%; the
CSR for the implants restored eight weeks after placement
was 97.96%. Other studies have replicated the results of
this study with CSRs of over 96% (Drago and Lazzara
2004; Kan and Rungcharassaeng 2000; Malo and others
2000).

Testori concluded that a nonocclusal immediate loading
protocol might be considered a viable approach in select
clinical cases. The shortened treatment time can be bene-
ficial for both clinicians and patients. Long-term evalua-
tions are necessary to confirm the encouraging results of
Testori’'s study before this protocol should be considered
for everyday practice.

PATIENT CONSULTATION
Principles

Dental treatment, with or without implants, is dependent
upon multiple factors: anatomy, systemic health, medica-
tions, patient wants and finances, and so on. Some eden-
tulous patients consider a complete, fixed implant-
supported prosthesis to be the ultimate solution to their
dental/masticatory problems. This may also be the case for
some dentulous patients who want to have their teeth
extracted and have implants and fixed prostheses placed
on the same day. However, there are also some patients for
whom the loss of all their natural teeth represents a signifi-
cant psychological trauma. Extraction and complete den-
tures treatments must be taken on with great care and
respect for patients. Restorative dentists and implant sur-
geons must be sensitive to both the physical and psycho-
logical aspects of the proposed dental treatments.
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Patient consultations can be held in the treatment room or
in a separate consultation room. It is the author’s opinion
that the consultation should begin with a review of the
patient’s chief complaint and medical/dental history. This
review should be followed by an explanation of the diag-
noses involved in their particular situation. The level of the
conversation should be tailored to each patient. Written
treatment plans should be presented to patients and their
significant others with the plan having the best prognosis
presented first. A complete and frank discussion is vital to
the overall success of treatment. The consultation should
include a discussion of the treatments, fees, benefits, and
limitations of the proposed treatment(s).

Informed Consent

Informed consent must be obtained prior to initiation of
treatment. The primary function of informed consent is the
protection of the patient’s right to self-determination to
accept the proposed treatment (Schloendorff 1914). The
central premise of informed consent is the patient’s free-
dom to decide what will be done to his/her body. The doc-
trine of informed consent has been divided into three areas
(Graskemper 2005):

1. What information has been presented to the patient and
how was it presented so that the patient was sufficiently
informed?

2. When did the patient give consent to be treated or
refuse treatment?

3. Did any misrepresentations and nondisclosures occur
that may have affected the patient’s decision?

Informed consent has been given when the risks and ben-
efits of the recommended treatment, the anticipated out-
come and the alternatives, along with their respective risks
and benefits were explained (Canterbury 1972).

Patient consent for treatment is based on two conditions:
the patient’s willingness to have treatment rendered; and,
regardless of the patient’s actual consent, the patient,
through his or her conduct, may be found to have granted
consent for treatment (King 1986).

The most common method to obtain informed consent is
written consent. Written consent can take many forms
including multiple pages with small-font print or one or two
lines in a patient chart. With written informed consent,
Graskemper (2002) suggested that practitioners be careful
of making a “laundry list” of risks for each procedure. He
has advised putting the phrase “but not limited to” before
any list to inform patients that other unforeseeable risks
may occur.

For a more detailed discussion of informed consent and
risk management, readers are advised to consult texts,
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peer-reviewed journals, and experts in medical/dental mal-
practice law.

Implant Coordinators

Implant coordinators have been defined as the right hand
of the doctor (Beissel 1997). The implant coordinator
should oversee, manage, and assist the clinician in imple-
menting and achieving the practice goals relative to
implant dentistry.

Implant coordinators should be identified by clinicians as
key staff members in both surgical and restorative offices
and should be responsible for the day-to-day operations of
the implant portions of the practice, including inventory
management, scheduling of implant cases, and coordina-
tion/communication between surgical offices, restorative
offices, and commercial dental laboratories (Daniels 2005).

Surgical implant coordinators need to ensure that the re-
quired restorative components, including surgical guides,
have been fabricated and delivered to the surgical offices
in a timely manner. If a nontraditional implant loading pro-
tocol has been the treatment planned for a given patient,
the surgical and restorative appointments must be coordi-
nated for optimal treatment. Surgical implant coordinators
should be proactive in informing the restorative implant
coordinator on the day of implant surgery of the following
information:

1. Patient name
2. Date of surgery
3. Procedures performed
a. Implant manufacturer
b. Implant sizes (implant restorative platforms)

c. Locations

o

. Implant/abutment connection types (internal/external
connections)

e. Surgical protocol followed (immediate loading,
immediate non-occlusal loading, single stage or two
stage protocols, grafting, membranes)

f. Patient wearing/not wearing provisional prosthesis

g. Healing abutments placed (height, emergence pro-
file, implant restorative platform)

h. Recommended healing times
i. Patient response to surgery/complications
j- First surgical/restorative follow-up visit
For many restorative dentists, the surgical offices monitor

patients during post-operative healing. In these cases,
implant surgeons determine when patients are ready to



proceed with the restorative treatment phase. The surgical
implant coordinator should then communicate with the
restorative implant coordinator that the patient is ready to
proceed with restoration of the implants.

Surgical implant coordinators may communicate the fol-
lowing information to restorative implant coordinators at the
time patients are discharged from the surgical offices:

1. Patient name

2. Implant site(s)

3. Implant manufacturer

4. Implant size: diameter, implant restorative platform,

and implant/abutment connection

5. Healing abutment. emergence profile, height, and
restorative platform

6. Suggested definitive abutment: emergence profile,
height, restorative platform, and stock or custom
abutment

7. Recommended abutment screw
8. Driver
9. Recommended torque of abutment screw

10. Impression coping: type (transfer/pick-up);
gence profile; implant/abutment connection

emer-

11. Implant analog

12. Laboratory abutment holder

SUMMARY

In summary, the first three chapters of this text provide
readers with an overview of implant dentistry. Diagnosis,
treatment planning, implants, implant restorative compo-
nents, drivers, laboratory components, implant loading
protocols, and informed consent are discussed in these
chapters in detail. References are provided for readers to
more completely explore areas of specific interest to them.
This text is not intended to be an all-inclusive text on
implant dentistry. It is intended to provide insight to clini-
cians with limited experience in implant dentistry on the
logistics of implant treatment on an appointment-by-
appointment basis.

The following chapters illustrate specific clinical situations.
Physical evaluations, diagnosis and treatment planning,
and clinical/laboratory treatments are illustrated on an
appointment-by-appointment basis. Costs and fees asso-
ciated with these treatments are also described.

The author has chosen to illustrate all the treatments using
components manufactured by 3i®, Implant Innovations,
Inc.®, Palm Beach Gardens, Florida. The specifics of

implant treatment are unigue to specific implant compo-
nents, which differ with each manufacturer. However, the
principles of implant treatment are more generic in nature.
It is the author’s intent that restorative dentists who choose
to use implant components manufactured by other manu-
facturers will still be able to apply the principles illustrated
in this text.
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Chapter 4: Treatment of an Edentulous Mandible with an Implant-
Retained Overdenture and Resilient Attachments

LITERATURE REVIEW

Traditionally, complete dentures have been the standard of
care for edentulous patients in the United States. Despite
advances in periodontics and restorative dentistry, the
number of edentulous and partially edentulous people is
expected to increase in the first part of the twenty-first cen-
tury (Douglass, Shih, and Ostry 2002; Douglass and Wat-
son 2002). One-third of Americans over the age of 65 are
thought to be edentulous (Oral Health in Americans 2000).
Edentulism is considered to be a major health problem by
virtue of the physical impairments and disabilities associ-
ated with this condition by the World Health Organization
(World Health Organization 2001). A significant number of
patients who wear maxillary and mandibular complete den-
tures are dissatisfied with the lack of retention and stability
in their complete dentures (Bourgeois and others 1998).

Numerous studies have demonstrated that mandibular
two-implant overdentures can simply and effectively solve
many of the problems experienced by patients with
mandibular complete dentures (Schmitt and Zarb 1998;
Gotfredsen and Holm 2000; Awad and others 2003; Cune
and others 2005). An international group of scientists,
researchers, and clinicians developed and published the
McGill consensus on the standard of care for edentulous
mandibles (McGill 2002). The consensus included a state-
ment that mandibular 2-unit overdentures should be con-
sidered as a first choice standard of care for edentulous
patients. The McGill Consensus does not preclude other
types of implant-retained overdentures such as cast bars
with attachments, primary and secondary castings, fixed
implant-retained prostheses, and so on (Figures 4.1, 4.2).

Figure 4.1. Facial view of implant-retained bar splinting four mandibu-
lar implants.

Figure 4.2. Casting that was designed for a full arch, fixed, screw-
retained prosthesis.

Edentulous patients may experience reduction in height of
alveolar ridges of up to 0.4 mm per year (Tallgren 1972)
(Figure 4.3). Mandibular resorption can occur four times
greater than maxillary resorption. However, this process
does not have to occur. If the roots of mandibular cuspids are
maintained as overdenture abutments, there is a significant
reduction of alveolar bone loss (Morrow and Brewer 1980)
(Figure 4.4). Patients with less bone loss generally have more
positive experiences with overdentures than do edentulous
patients with mandibular complete dentures. However, there
are potential concerns with recurrent caries and periodontal
disease around the retained natural teeth (Figure 4.5).

Figure 4.3. Articulator mounting of an edentulous patient 10 years post
extraction of the natural teeth. Note the amount of inter-occlusal clear-
ance secondary to resorption of both edentulous jaws.

87



Figure 4.4. Clinical anterior view of a partially edentulous patient who
chose to retain two anterior teeth in both jaws for use as overdenture
abutments 10 years prior to this photograph. Note that the bone volume
of both jaws has been maintained.

Figure 4.5. Clinical photograph of a 17-year-old patient with severe
dental caries. Though overdentures would be the ideal treatment to
maintain bone on a long-term basis, this patient would not be good
candidate for overdentures unless the caries were controlled.

Cune and others (2005) performed a clinical study with 18
edentulous patients to determine patient satisfaction with
implant-supported mandibular overdentures using mag-
net, bar-clip, and ball-socket attachments and also to

determine a correlation between maximum bite force and
patient satisfaction. New mandibular and maxillary den-
tures were fabricated for all of the patients in this study. Ini-
tially, the patients functioned only with the new complete
dentures. After three months, the mandibular dentures
were fitted with overdenture attachments in a random fash-
ion. The attachments were switched again after three
months of function. Patients were asked to express their
overall satisfaction of their dentures using a Visual Analog
Scale. Mean scale and VAS scores were compared at five
times during the study. Mandibular implant-supported
overdentures consistently reduced traditional denture
complaints such as sore spots that required adjustments.
The patients in this study strongly preferred bar-clip attach-
ments (10/18) and ball-socket attachments (7/18) over
magnetic attachments. Maximum bite forces were not cor-
related with VAS scores. The authors concluded that
patients with higher bite forces were not necessarily more
satisfied with their dentures than patients with lower bite
forces.

Awad and others (2003) performed a randomized clinical
study to compare elderly patients’ satisfaction and oral-
health-related quality of life with mandibular two-implant
supported overdentures and conventional dentures. Sixty
patients were divided into experimental and control
groups: edentulous patients and patients with two implants
and ball attachments for overdentures. Subjects were
asked to rate their general satisfaction, comfort, stability,
ability to chew, speech, aesthetics, and cleaning ability.
The outcomes were better for the implant group, and the
authors further stated that mandibular two-implant over-
dentures with maxillary complete dentures provided better
function and oral-health-related quality of life than conven-
tional dentures.

There are two basic ways to treat patients with dental
implants in edentulous mandibles: fixed or removable pros-
theses. There are benefits and limitations with both pros-
thetic options. Prior to selecting a treatment option (fixed or
removable), the restorative dentist and patient must first
discuss the overall treatment objectives and expectations.
Aesthetics and function are probably the two key points that
restorative dentists and patients must agree on (Table 4.1).
The final aesthetics and tooth arrangement of the prosthe-
ses need to be determined as much as possible, prior to
sending the patient to an implant surgeon. This may be as

TABLE 4.1. Intra-oral Diagnostic Guidelines for Fixed/ Removable Implant Prostheses

Fixed Removable
Ridge Shape Thin, knife-edged Broad, U-Shaped
Inter-occlusal clearance 10mm >15 mm
Jaw Relationship Class | Class Il, Il
Biotype Thick Thin
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Figure 4.6. Profile view of a patient who presented with a request for
increased retention and stability of her preexisting mandibular denture.
These dentures were judged to be satisfactory; the mandibular denture
was duplicated for use as a surgical guide.

Figure 4.7. Profile view of a patient who presented with a request for
increased retention and stability of her preexisting mandibular denture.
The dentures were judged to be unacceptable: poor lip support,
decreased vertical dimension of occlusion. New dentures were needed
to identify the location of the teeth prior to referring the patient to an
implant surgeon for implant placement.

simple as recognizing that the existing prostheses are
acceptable relative to aesthetics, lip support, and occlusal
relationships (Figure 4.6). If the existing dentures are unac-
ceptable, new dentures need to be considered prior to
treatment planning implant placement (Figure 4.7).

It has been the author’s experience that patients rarely ask
for removable implant-retained overdentures. It is critical
for restorative dentists to discuss the merits of this type of
treatment and how an implant-retained overdenture will
function. Carpentieri (2004) discussed common miscon-

Figure 4.8. Occlusal view of two unsplinted mandibular implants with
resilient attachments.

Figure 4.9. Occlusal view of a casting 10 years post insertion that
splinted two mandibular implants. A rotation component was built into
the casting between the two implants.

ceptions among clinicians that all rigid prostheses must be
fixed and nonrigid prostheses must be removable. Rigid
prostheses are not always fixed prostheses. With bar-
retained overdentures, removable options may now be
nonrigid (resilient) or rigid.

Implant-retained overdentures need to be designed to be
consistent with removable prosthodontic principles (buc-
cal shelf and retromolar pad coverage with adequate
vestibular extensions) along with implant attachments. This
type of prosthesis can be made with nonsplinted retain-
ers/attachments that allow rotation (Figure 4.8) or with a
framework that splints two or more implants with a casting
and allows rotation around the bar (Figure 4.9).

Resilient attachments are easier for clinicians to use and
vary in how they may be incorporated into the mandibular
prostheses. With each treatment option, there will be vary-
ing amounts of clinical time and laboratory costs involved
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TABLE 4.2. Cost Comparisons of Treatment Options of Mandibular Overdentures with Resilient Attachments

Chair Side Pick-Up

LOCATOR® Abutments

Reline Impression

New Overdenture

Component Cost (2) $300
Clinical Overhead (1/2 hr @ $400
per hour) $200

Laboratory Cost 0

Total Costs $500

Fee $750

Profit $250

Profit per Hr $500

$300
(3/4 hr @ $400
per hour) $300

$100

$700

$1100

$400

$300

$300
(4 hrs @ $400
per hour) $1600

$330

$2230

$3000

$770

$195

Figure 4.10. Occlusal view of 2 LOCATOR® Abutments in place on two
unsplinted mandibular implants.

(Table 4.2). The simplest method using resilient attach-
ments (LOCATOR® Abutments, Zest Anchors, Inc) is to
place them intra-orally, relieve the denture, and attach the
stainless steel keepers to the dentures with autopolymeriz-
ing acrylic resin (Figures 4.10, 4.11, 4.12). The major limi-
tation with this technique is the potential to lock the acrylic
resin into undercuts in and around the implants and/or
alveolar process. This approach would make it very difficult
to remove the denture without causing abrasion to the soft
tissues or dislodging the keeper from the denture base.

Mandibular overdentures that incorporate a bar splinting
multiple implants may or may not have the same number of
implants as a fixed, screw-retained implant prosthesis. This
type of prosthesis usually includes multiple retentive ele-
ments (Figure 4.13).

Mandibular implant-retained overdentures need to be
treatment planned relative to patient desires, expectations,
anatomy, and finances. Implant-retained overdentures
made on four or more implants will be significantly more
rigid and exhibit less movement than overdentures made
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Figure 4.11. The intaglio surface of the denture base in the areas of
the attachments was thoroughly relieved to ensure that the denture was
completely seated. The keepers should not touch the denture base.

Figure 4.12. The intaglio surface of the mandibular overdenture after
the resin had completely set. The black keepers were removed and
replaced with retentive elements consistent with the patient’s need for

retention.



Figure 4.13. Occlusal view of four mandibular implants that were
splinted with a casting that incorporated a clip in the anterior position
that allowed rotation of the denture around the bar in an A/P direction.
Resilient attachments were incorporated into the distal portions of the
framework to provide retention and support for the overdenture.

on two nonsplinted implants with resilient attachments.
Overdentures may actually be the treatment of choice if
implants cannot be placed with an acceptable A/P spread
(Rangert and others 1989). This is not to say that one of
these designs is better than the other. Oral hygiene is also
easier to accomplish on two unsplinted implants than on
implants splinted with a complex casting.

Treatment planning must strike a balance between the fac-
tors noted above. Indications for two implant-supported
overdentures generally include patients unable to adapt to
conventional mandibular dentures or patients who desire
increased retention and stability for their mandibular den-
tures. Clinicians must understand what it is that a particular
patient wants: increased retention, stability, function,
cleansability, and so on. Restorative dentists must there-
fore present a range of treatment options that will satisfy a
particular patient’s concerns.

Multiple, splinted implants with bars and attachments are
generally indicated in patients who desire rigid prostheses
but who present with significant bone loss (great inter-
maxillary distance). Flanges are generally required in order
to provide optimal lip support and appropriate incisal dis-
play. This type of restoration may also be indicated in
patients with natural or implant-retained, nonremovable
prostheses in the opposing jaw (maxillae). Patients with
four implants and rigidly attached overdentures will proba-
bly generate large occlusal forces that may fracture an all-
acrylic resin denture base. An additional design feature for
this latter type of patient would include a secondary bar
within the denture base or a metal mini-base. Nonparallel
implants may also be indications for splinting because
resilient attachments have limitations in the amount of
angle correction (Figure 4.14).

Figure 4.14. These three maxillary implants are non-parallel and war-
rant a bar to re-orient the path of insertion of the overdenture.

Both types of implant prostheses (splinted/nonsplinted
implants) have proven to be clinically successful (MacEn-
tee and others 2005; Walton and others 2002). Clinicians
must carefully evaluate each patient’s individual desires,
needs, anatomy, and so on in developing treatment plans
that include implants and removable prostheses.

CLINICAL CASE PRESENTATION
Appointment 1. Initial Examination (3/4 Hour)

A 64-year-old female patient presented to the author with a
chief complaint, “My lower denture is too loose for me to
wear” (Figures 4.15, 4.16).

Figure 4.15. Anterior view of the maxillary and mandibular dentures as
the patient originally presented.
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Figure 4.16. Intra-oral occlusal view of the edentulous mandible. There
has been moderate buccal/lingual and vertical resorption of the edentu-
lous jaw, high muscle attachments, and also a high and active floor of
the mouth.

Figure 4.17. Original pre-operative panoramic radiograph that demon-
strated severe resorption of the edentulous maxillae, an altered occlusal
plane, moderate bone loss, and periapical disease.

This patient had undergone full extractions approximately
two years previous (Figure 4.17). Immediate dentures were
constructed and laboratory relines were accomplished
approximately five months later. The patient presented with
difficulties associated with eating and comfort and was not
adapting to the mandibular denture. She was getting along
well with the maxillary denture. The patient reported that
she was basically pleased with the aesthetic and phonetic
results of her dentures. She wanted improved function. Her
medical history was noncontributory.

Radiographs

The initial diagnostics included a panoramic radiograph,
clinical examination, and diagnostic impressions (Figure
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Figure 4.18. Panoramic radiograph two years post extraction of the
mandibular dentition. Bone resorption has occurred, but the mandible
still has adequate bone volume for implant placement.

Figure 4.19. Extra-oral view of the patient in centric occlusion.

4.18). The panoramic radiograph demonstrated adequate
bone volume for placement of two implants in the anterior
mandible.

Physical Examination

The physical examination consisted of a detailed evalua-
tion of the existing dentures relative to lip support, vertical
dimension of occlusion, vertical dimension of rest position,
closest speaking space, freeway space, status of the oral
tissues, ridge height and width, presence or absence of
keratinized tissues, and location of muscle attachments
(Figure 4.19).



Figure 4.20. Occlusal laboratory view of mandibular diagnostic cast.

Diagnostic Cast

A mandibular diagnostic cast was made from an alginate
impression. The anterior ridge was thin and knife-edged.
There were adequate buccal shelves with good disto-
lingual extensions (Figure 4.20).

Diagnoses

The following diagnoses were made:
. Edentulous maxillae with moderate resorption
. Edentulous mandible with moderate resorption
. Relatively well-fitting dentures

1
2
3
4. Class | occlusion
5. Decreased vertical dimension of occlusion
6

. Adequate bone volume for implant placement

Appointment 2. Consultation Restorative
Dentist/Patient (1/2 Hour)

A definitive consultation appointment was scheduled as
the patient left the office from the first visit. The time
between the first and second appointments allowed for
development of the treatment options for this particular
patient.

Treatment Options

The first treatment option described placement of two 4.1
mm diameter implants in the areas of the mandibular right
and left cuspids areas, preferably with a single-stage pro-
tocol. New dentures were not required because the preex-
isting dentures were clinically acceptable in terms of reten-

tion, stability, lip support, centric jaw relationships, aesthet-
ics, and phonetics. The vertical dimension of occlusion was
decreased, but the author thought that it could be corrected
during the processed reline procedure associated with an
implant-retained overdenture (Table 4.3). The second treat-
ment option described the protocol for a processed labora-
tory reline of the mandibular denture (Table 4.4).

Benefits and limitations of each treatment option were
described in detail on the written treatment plans. The
prosthodontic fees, or ranges of fees for each procedure,
were also listed on each treatment plan. The patient was
given copies of the treatment plans. The patient agreed to
proceed with the first treatment plan including implant
placement and was referred to a periodontist for the surgi-
cal diagnostic work up.

Appointment 3. Consultation Restorative
Dentist/Surgeon (1/2 Hour)

This appointment generally takes place before or after nor-
mal business hours and should precede the surgeon’s
examination appointment. It may occur at lunch, at either
practitioner’s office, or at another convenient location. This
consultation is critical for the long-term functional and aes-
thetic success of implant treatment. It is essential that the
restorative dentist explain to the surgeon the physical and
radiographic findings, the diagnoses, and the treatment
options that were explained to the patient. This particular
case presentation was not technically demanding and the
consultation between restorative dentist and the surgeon
was completed within 30 minutes. Other, more complex
treatment options are discussed in later chapters.

Type/Number/Size of Implants

In this case, the patient was edentulous in both jaws. She
had adapted well to the maxillary denture but was having
difficulty managing the mandibular denture. The author
suggested that 4.1 mm diameter implants with internal
connections be placed (OSSEOTITE® Certain® Implant
System). The surgeon would determine the shape of the
implant body. In this case, the surgeon preselected
tapered implants.

Abutment/Prosthesis Design

The author planned to use resilient overdenture attach-
ments (LOCATOR® Abutments) (Figure 4.21). The actual
abutment height would not be determined until after
osseointegration and soft tissue healing.

Implant/Abutment Connection

The 3i® internal connection implant was designed with a
4 mm-long implant/abutment connection.
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TABLE 4.3. Treatment Plan #1. (Implant-Retained Overdenture with Resilient Attachments)

Diagnoses:

1. Edentulous maxillae with moderate resorption

2. Edentulous mandible with moderate resorption

3. Relatively wellfitting dentures

4. Class | occlusion

5. Decreased vertical dimension of occlusion

6. Adequate bone volume for implant placement
Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Surgical guide D6190

Referral to Oral Surgical Office:

1. Evaluate and treat for placement of two OSSEOTITE® Certain® implants (4.1 mm diameter) in the areas of the
mandibular cuspid teeth.

2. Single-stage surgical protocol, if possible.

3. Healing abutments should have the following profiles: 4.1 mm restorative platforms, 5 mm emergence pro-
files. Occlusal surfaces should be 1 mm supra-gingival.

4. Post-operative instructions.

5. Schedule a denture tissue conditioning appointment 10 days post implant surgery.

6. Discharge to prosthodontist for prosthetic care.

Fees and services will be determined by the oral surgeon.

ADA # Fees
Healing/osseointegration
Tissue conditioning of preexisting
mandibular denture, per time D5851
Prosthodontic reevaluation D0140
Placement of LOCATOR® Abutments ~ D6199
Laboratory processed reline of

preexisting mandibular denture D5751
Yearly recall appointment D0120
Periapical radiographs D0220

Benefits of Treatment Plan #1

With osseointegration of the implants, the lower denture should have significantly more retention, which should
improve the patient’s function. The denture occlusion (bite) will be improved; facial aesthetics should be improved.
The patient should enjoy a good, long-term prognosis. Bone loss will be minimized in the front part of the lower jaw.

Limitations of Treatment Plan #1

Cost, complexity, and length of treatment (3-6 months). Implants are generally successful in the front part of the
lower jaw approximately 96-99% of the time. The implants have to be placed optimally for the above treatments to
be accomplished. If the implants cannot be placed optimally, changes in the treatments (surgical and prosthetic),
fees, and designs will be likely. The upper denture will move. Bone loss will continue in the upper jaw without
implants. If the denture/implant experience is unsatisfactory, additional implants may be placed in one or both jaws,
at additional cost. The patient will be asked to take the dentures out during nighttime sleep. The patient needs to
return to this office at least once per year for follow up, which will include radiographs (x-rays) to assess osseointe-
gration of the implants, fit and occlusion of the dentures, health of the soft tissues, and the integrity of the
implant/abutment connections. This treatment plan itemizes only the prosthetic phase of treatment.

Patient signature
Date

Witness

Date
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TABLE 4.4. Treatment Plan #2 (Processed Laboratory Reline Existing Mandibular Denture)

Diagnoses:

1. Edentulous maxillae with moderate resorption

2. Edentulous mandible with moderate resorption

3. Relatively well-fitting dentures

4. Class | occlusion

5. Decreased vertical dimension of occlusion

6. Adequate bone volume for implant placement
Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Tissue conditioning of preexisting

mandibular denture, per time D5851
Laboratory processed reline of

preexisting mandibular denture D5751
Yearly recall appointment D0120
Periapical radiographs D0220

Benefits of Treatment Plan #2
The denture occlusion (bite) will be made optimal; facial aesthetics should be improved. The fit of the lower den-
ture should be improved.

Limitations of Treatment Plan #2

Cost, complexity, and length of treatment (1-3 months). Facial aesthetics may not be acceptable with this denture
reline procedure. The patient will have to go without the lower denture for one working day when the laboratory
reline procedure is accomplished. If the aesthetics are not satisfactory, a new mandibular denture will be needed
(at additional cost). Both dentures will move. Bone loss will continue in jaws without implants. If the denture experi-
ence is unsatisfactory, implants may be placed in one or both jaws, at additional cost. The patient will be asked to
take the dentures out during nighttime sleep. The patient needs to return to this office at least once per year for fol-
low-up, which will include radiographs (x-rays) to assess the fit and occlusion of the dentures and health of the soft
tissues. This treatment plan itemizes only the prosthetic phase of treatment.

Patient signature
Date

Witness

Date

ADA #s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611

Surgical Guide

A surgical guide was fabricated on the mandibular diag-
nostic cast (Figure 4.22). Holes, in anticipation of optimal
implant placement, were placed in the areas of the
mandibular cuspid teeth. This placement was designed for
maximum overdenture retention.

Surgical Protocol

The author also suggested that if possible, a one-stage
surgical protocol be followed. Published reports have indi-
cated that single-stage surgical protocols have been as

Figure 4.21. LOCATOR® Abutments for the OSSEOTITE® Certain® efficacious as the traditional two-stage surgical protocols
implant system are available with six different collar heights: 1-6 mm, (Testori and others 2002). However, the surgeon always
left to right. has the final decision relative to the surgical protocol.
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Figure 4.22. Laboratory occlusal view of the surgical guide in place on
the mandibular diagnostic cast. A guide hole has been placed for the
right implant. A contra-lateral hole was to be placed for the left implant.

Figure 4.23. Direction indicators (NTDI411) in place just prior to implant
placement. The osteotomies were prepared consistent with the surgical
guide.

TABLE 4.5. The Implant Restorative Wish List

Mandibular Implant Retained Overdenture

Type of Implant

Implant Restorative Platform

Surgical Protocol

Implant/Abutment Connection

Healing Abutment

Occlusal Loading Protocol

OSSEOTITE® Certain®

4.1 mm

Single stage

Internal (Certain)

5mm X 5 mm X
2,3,ordmm
(supra-gingival
occlusal surface)

8-10 weeks

Healing Abutment Selection

If a single-stage surgical protocol was followed, the prede-
termined healing abutment size would be 4.1 mm restora-
tive platforms, 5 mm emergence profiles, and the occlusal
surfaces should be slightly supra gingival at the time of
implant placement (2, 3, or 4 mm). If a two-stage surgical
protocol was followed, cover screws would be placed
prior to closure of the surgical wound. The above healing
abutments would be placed at the time of second stage
surgery.

Implant Restorative Wish List

The preceding concepts have proven to be an excellent
starting point for discussions between the author and sur-
geon. A form was developed that incorporated all of the
concepts noted above and is called the Implant Restora-
tive Wish List (Table 4.5). It is now completed for each
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patient and sent to the implant surgeon prior to patient
treatment.

Appointment 4. Implant Placement
Two-Stage Surgical Protocol

In this instance, the surgeon prepared the osteotomies as
discussed in the restorative dentist/surgeon consultation
appointment (Figure 4.23). The surgeon was not comfort-
able placing these implants with a single-stage surgical
protocol and therefore placed cover screws and closed the
wound over the implants (Figures 4.24 and 4.25).

Postoperative Instructions

The patient was instructed by the surgeon not to wear the
mandibular denture until the first postoperative visit. She
was given analgesics, antibiotics, and 0.12% chlorhexi-
dine mouthwash. She was instructed to eat a soft diet and
return in 10 days for two clinical appointments: suture
removal and the first application of tissue conditioning
material to the intaglio surface of the mandibular denture.



Figure 4.24. The surgeon decided to place these implants with a
two-stage surgical protocol. Cover screws were placed into the occlusal
aspects of the implants in preparation for closure of the wound.

Figure 4.25. The full thickness flap was closed primarily. The patient
was instructed not to wear the mandibular denture until she returned in
10 days for suture removal.

Appointment 5. Follow Up Appointments (1/2
Hour)

Suture Removal

This patient returned 10 days post surgery and reported
no ill effects from the surgery. The surgeon removed the
sutures and the patient was transferred to the author’s
office for relief of the denture and the first application of
tissue-conditioning material.

Figure 4.26. The intaglio surface of the mandibular denture was thor-
oughly relieved prior to the application of tissue conditioning material.

Figure 4.27. Intra-oral, anterior view of the patient in centric occlusion
after the tissue conditioning material had set. The mandibular midline is
off to the left approximately 2 mm.

Tissue Conditioning

The mandibular denture was thoroughly relieved, espe-
cially in the anterior segment (Figure 4.26). The tissue con-
ditioning material (Visgo-gel, Dentsply International, York,
PA) was mixed so that the material was thick and viscous
and applied to the intaglio surface of the denture. The
patient was guided into centric occlusion, at an appropri-
ate vertical dimension of occlusion (Figure 4.27). The
material set intra-orally for five minutes and was removed.
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Figure 4.28. The intaglio surface of the denture after the tissue condi-
tioning material had set. This material usually remains resilient and
serviceable for between six and 10 weeks.

It was placed into a pressure pot with 120° water under 10
psi and allowed to cure for 10 minutes. The excess was
trimmed and re-inserted into the mouth (Figure 4.28).

This procedure was repeated eight weeks post implant
placement and the patient was scheduled for Stage |l
surgery.

Appointment 6. Stage Il Surgery

The implants were uncovered 10 weeks after they were
placed. As soon as the patient was seated in the surgical
office, one of the surgical assistants brought the denture
with the tissue conditioning material in place to the
prosthodontic laboratory for removal of the soft liner.

Healing Abutments (1/2 Hour)

Healing abutments were placed with 5 mm emergence
profile diameters and were 4 mm tall (ITHA54) (Figures
4.29, 4.30). The peri-implant soft tissues would then heal in
a manner consistent with the shape of the healing abut-
ments. This would make the LOCATOR® Abutment inser-
tion procedure simple and predictable because the soft
tissue profiles would be larger than the abutments. The
surgeon torqued the healing abutments to 10 Ncm and
discharged the patient to the author.

Tissue Conditioning

Healing abutments take up a significant amount of restora-
tive volume and extra relief is therefore required in the
anterior segment of the mandibular denture. The location
of the healing abutments was identified with indelible pen-
cil (Dr. Thompson's Sanitary Color Transfer Applicators,
Great Plains Dental Products Co., Inc., Kingman, KS) and
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Figure 4.29. Clinical anterior view of the implants immediately post
Stage Il surgery with the appropriate healing abutments in place.
ITHA54 as received from the manufacturer, inset.

Figure 4.30. Occlusal view of healing abutments in place immediately
after Stage Il surgery. The implants were in positions consistent with the
pre-operative planning.

the marks were transferred to the intaglio surface of the
mandibular denture (Figures 4.31, 4.32). The mandibular
denture was relieved so that it fit onto the denture-bearing
tissues with the patient in centric occlusion at an appropri-
ate vertical dimension of occlusion. The denture was
relined with tissue conditioning material as described pre-
viously. The denture now functioned as an overdenture with
the healing abutments providing increased stability and
support to the prosthesis. They did not provide additional
retention (Figure 4.33).

The patient was instructed to massage and cleanse the
surgical sites with a soft toothbrush and 2 X 2 gauze.
She was urged to continue with 0.12% chlorhexidine after
the hygiene procedures were accomplished at night. The
patient was reappointed for the laboratory-processed
reline procedures in three weeks.



Figure 4.31. Indelible pencil was applied to the healing abutments to
identify their locations within the denture base.

Figure 4.32. The marks were transferred to the intaglio surface of the
denture base so that the relief was accomplished accurately.

Figure 4.33. The intaglio surface of the soft liner inside the mandibu-
lar denture after Stage Il surgery. The indentations in the liner corre-
sponded to the locations of the healing abutments and provided
increased support for the patient.

Figure 4.34. Occlusal view of the healing abutments three weeks after
the implants were uncovered. The patient’s oral hygiene was excellent,
the healing abutments were highly polished, and the peri-implant soft
tissues were firm, pink, and non-inflamed.

Figure 4.35. Labial views of the implant restorative platforms 10 weeks
post implant placement. Periodontal probes were placed on the implant
restorative platforms and the heights of the sulcus were measured. The
left sulcus measured 2+ mm; the right sulcus measured approximately
1+ mm.

Appointment 7. Abutment Connection and
Reline Impression (3/4 Hour)

The patient was seen in the first morning appointment (Fig-
ure 4.34). The healing abutments were removed and a peri-
odontal probe was used to measure the sulcular depths.
The left sulcus measured 2+ mm at its greatest depth. The
right sulcus measured 1+ mm at its greatest depth. A peri-
odontal probe was placed at the soft tissue margin for both
healing abutments (Figure 4.35). Three and 2 mm LOCA-
TOR® Abutments were used for the respective implants,
left and right (ILOAOO3 and ILOAOOZ2, respectively).
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Figure 4.36. This driver (PHDO3N) was used to remove the healing
abutments from the implants.

Figure 4.37. LOCATOR® Abutments (ILOA003 and ILOA002, left, right
respectively) in place.

LOCATOR® Abutment Connection

The healing abutments were removed with the large hex
driver (PHDOZ2) (Figure 4.36). The LOCATOR® Abutments
were placed and tightened by hand (Figure 4.37).

Torque

They were torqued to 20 Ncm with the Restorative Torque
Indicator (RTI2035) and the Driver Tip (LOADT4) (Figure
4.38).

Impression Copings

Impression copings (LAIC1) were placed onto the abut-
ments (Figure 4.39). In the areas in and around the healing
abutment, impressions within the denture base, windows
were drilled completely through the mandibular denture,
and all of the tissue-conditioning material was removed
(Figure 4.40). The denture fit around the abutments and
impression copings and the patient was able to close into
centric occlusion at the predetermined vertical dimension
of occlusion (Figure 4.41).
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Figure 4.38. The abutments were torqued to 20 Ncm with the torque
driver and driver tip (RTI2035 at 20 Ncm inset).

Figure 4.39. Impression copings (LAIC1) in place on the LOCATOR®
Abutments.

Figure 4.40. Windows were prepared completely through the denture
base so as to prevent interferences between the implant restorative
components and the denture base.



Figure 4.41. Occlusal view of the mandibular denture completely
seated around the impression copings and abutments.

Figure 4.42. The mandibular denture border molded with heavy body
poly vinylsiloxane impression material.

Reline Impression

The borders of the denture were adjusted to be approxi-
mately 2 mm short of the reflections and were reestab-
lished with heavy body poly vinylsiloxane impression mate-
rial (Extrude® Extra, Kerr Corporation, Romulus, Ml) (Figure
4.42). Multi-purpose viscosity poly vinylsiloxane impres-
sion material (Extrude® MPV, Kerr Corporation, Romulus,
MI) was injected around the impression copings intra-
orally. The author has found that light-body poly vinylsilox-
ane impression material is not consistently strong enough
to remove the impression copings with removal of the
impression from the mouth. Light-body poly vinylsiloxane
impression material was used to fill the denture and the
denture was inserted.

The patient was guided into centric occlusion at the prede-
termined vertical dimension of occlusion and the material

Figure 4.43. The intaglio surface of the reline impression: The impres-
sion copings remained inside the impression.

Figure 4.44. Analogs (LALA1) attached to the impression copings
within the impression. Analog as received from the manufacturer, inset.

was allowed to set. The denture was removed; the impres-
sion copings were contained within the impression (Figure
4.43). The patient was discharged to return the next day for
insertion of the relined denture.

Laboratory Work Order/Procedures

The author routinely accomplishes denture reline proce-
dures within his own office. However, these procedures
may also be sent to commercial dental laboratories. The
laboratory procedures are illustrated in the following para-
graphs. Laboratory work orders for the procedures are
identified in Table 4.6.

LOCATOR® Abutment analogs (LALA1) were placed into
the apical ends of the impression copings within the
impression (Figure 4.44). The reline impression was boxed
and poured in dental stone. The denture was placed into a
reline denture jig in conventional fashion. The denture was
removed from the cast and the analogs were visualized
(Figure 4.45).
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TABLE 4.6. Laboratory Work Orders For Mandibular Denture Reline/LOCATOR® Abutments

Enclosed:

Mandibular denture reline impression with two LOCATOR® Abutment impression copings.
Place LOCATOR® Abutment analogs (LALA1) into impression copings.

Box and pour impression in dental stone for denture reline procedures.

Place in reline jig.

Remove impression material.

Place LOCATOR® Abutment housings and black males onto the analogs.

Block the housings out with a 50/50 mixture of plaster and pumice.

Reline the denture with heat processed acrylic resin.

Do not remove the denture from the cast.

Identify the locations of the housings and remove the acrylic resin surrounding them.

. Remove all of the plaster/pumice mixture.

. Use autopolymerizing acrylic resin and attach the housings to the acrylic resin denture.

. Place into pressure pot with 120° water and 20 psi for 10 minutes.

. Remove denture from cast, finish, and polish.

. Remove black processing males from the housings and place light retention males (pink).
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Figure 4.46. Housing and black processing male (LORHK).

Figure 4.45. The cast after the reline impression was removed.

Figure 4.47. The housings were blocked out with a 50/50 plaster and
pumice mixture.
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Figure 4.48. Occlusal view of the processed denture after it was relined
with autopolymerizing acrylic resin. It was not removed from the cast.

Figure 4.49. Resin was removed from the areas of the abutments,
completely exposing the abutment analogs.

The housings and black processing males were placed
onto the analogs and blocked out with a 50/50 mixture of
plaster and pumice (Figures 4.46, 4.47). The reline impres-
sion material was removed and the denture was relined
with autopolymerizing acrylic resin (Figure 4.48).

After polymerization, the locations of the analogs and
housings were identified and the resin was removed in

Figure 4.50. The housings were placed onto the analogs (top) and
autopolymerizing acrylic resin was injected into these areas to attach
the housings to the denture base (bottom).

Figure 4.51. Intaglio surface of the relined dentures with one black pro-
cessing male inside the housing.

these areas (Figure 4.49). The housings were removed.
The analogs were completely exposed and the housings
were placed back onto the analogs. Additional acrylic
resin was placed around the housings and the housings
were attached to the denture (Figure 4.50). The denture
was placed into a pressure pot with 120° water under 20
psi for 10 minutes. It was removed, finished, and polished
(Figure 4.51).
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Figure 4.52. Intaglio surface of the mandibular relined denture with
light pink retentive male attachments in place.

Figure 4.53. Clinical anterior view of maxillary complete denture and
mandibular implant-retained overdenture in place.

The black processing males were removed and replaced
with light retention males (pink attachments with 3 Ibs of
retention) (Figure 4.52). The denture was ready for inser-
tion. This technique provides dental laboratory technicians
and restorative dentists with improved accuracy and
decreased processing error in reline procedures (Drago
and Gingrasso 2005).

Appointment 8. Insertion Relined
Denture (1/2 Hour)

The patient presented the next day for the insertion of the
relined denture. The denture went to place without inci-
dent. Both attachments were engaged. The flanges and
occlusion were adjusted as needed (Figure 4.53). Oral
hygiene was reviewed and the patient was dismissed.
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Figure 4.54. Panoramic radiograph one-year post loading was taken
with the denture in place and demonstrated less than 1 mm bone loss
at the occlusal aspects of both mandibular implants.

TABLE 4.7. Restorative Costs/Fees/Profitability

Implant Components, Lab Fees

and Overhead Costs Costs
LOCATOR Abutments $212
Impression Copings $24
Analogs $36
Denture Lab Processing $100
Clinical Overhead (%4 hour) @400 per hour $300
Total Costs $672
Professional Fee $1100
Profit $428
Profit per hour $321

Appointment 9. Follow-Up
Appointments (1/2 Hour)

Two Weeks

The patient returned for the two-week follow-up appoint-
ment and was thrilled with the retention, stability, comfort,
and function of the mandibular implant-retained overden-
ture. She had no soreness and related minimal problems
adapting to the new overdenture. Her oral hygiene was
excellent. Her prognosis for successful adaptation was
also excellent.

One-Year Recall Clinical and
Radiographic Evaluations

The patient returned approximately one year post insertion
of the mandibular implant-retained overdenture and contin-
ued to do well. Her occlusion was stable, the dentures and



abutments were clean, and there was minimal attachment
wear. The panoramic radiograph demonstrated satisfac-
tory bone/implant adaptations and approximately 1 mm of
bone loss (Figure 4.54).

Costs/Fees/Profitability

The following discussion (Table 4.7) relative to fees is
reflective of late 2006 in the Midwest United States. The
costs of the implant components are retail prices from
Implant Innovations, Inc., Palm Beach Gardens, Florida.
The costs, fees, and profitability for this procedure are
shown in Table 4.7.

Surgeon: Michael Banasik, DDS, Gundersen Lutheran
Medical Center, LaCrosse, WI

Dental Laboratory Technician: Andrew Gingrasso, Gunder-
sen Lutheran Medical Center, LaCrosse, WI
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Chapter 5: Treatment of a Partially Edentulous Mandible with a
Pre-Machined Titanium Abutment and Single-Unit
Porcelain Fused to Metal Crown

LITERATURE REVIEW

Endosseous implants have become an integral part of
prosthodontic treatment for edentulous and partially eden-
tulous patients. This fact has come about for multiple rea-
sons, among them, excellent long-term success rates pub-
lished in multiple refereed journals around the world;
improvements in implant and restorative component de-
signs and machining; and decreased surgical morbidity
and increased consumer demand for non-invasive tooth
replacements (O’'Neal and Butler 2000).

Dental implants were originally developed to restore com-
promised edentulous patients to normal function (Brane-
mark and others 1985). Aesthetics and phonetics were of
lesser importance. Implant restorations are now expected
to predictably restore function, aesthetics, and phonetics.
In edentulous patients, dental implants were originally
placed into sites where there was adequate bone for
implants. Precise implant placement relative to tooth posi-
tions was not required because implants could be placed
between artificial teeth of the implant prosthesis without
aesthetic compromise (Figure 5.1). Implants placed into
embrasure spaces in partially edentulous patients may
result in aesthetic and phonetic compromises (Figure 5.2).

Figure 5.1. Anterior view of a maxillary complete denture and
mandibular fixed implant prosthesis 14 years after placement. Note that
the implants were not placed directly behind any of the anterior teeth.
This implant placement was based on the location of available bone and
was independent of the position of the artificial anterior teeth.

If dental implants are to succeed in solving the functional,
aesthetic, and phonetic needs of partially edentulous
patients, they must satisfy the same demands that patients
have for natural teeth or conventional restorations (Garber
1995) (Figure 5.3).

Figure 5.2. Anterior view of an implant-retained crown replacing the
maxillary right central incisor. The implant was not placed relative to the
center of the edentulous space; it was placed where the bone was most
favorable. The emergence profiles of the crown and abutment as they
exited the gingival sulcus were distorted and resulted in a non-anatomic
restoration.

Figure 5.3. Implant-retained crown that replaced a congenitally miss-

ing left maxillary lateral incisor. Initially, there was not enough bone for

optimal implant placement. The surgeon grafted bone and allowed the

site to heal. The implant was then placed into an optimal position for an
aesthetic and functional restoration.
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Single missing teeth may be replaced with fixed partial
dentures or single implant-retained crown restorations.
Priest (1996) performed a comprehensive review of failure
rates for conventional fixed partial dentures (FPDs), resin-
bonded FPDs and single-unit implant-retained crown
restorations. Priest acknowledged the difficulties in obtain-
ing data on FPD failures due to nonstandardized methods
of reporting and recording failures. Schwartz and others
(1970) reported that a mean life for 3-, 4-, and 5-unit FPDs
was 12.3 years. Authors had identified the most frequent
cause of failures for FPDs as recurrent caries and
endodontic problems post prosthesis insertion (Schwartz
and others 1970; Reuter and Brose 1984; Walton and oth-
ers 1986).

Single-unit implant restorations were initially reported as
having more mechanical problems than full arch implant
restorations. The success of single-unit implant restora-
tions was dependent upon two distinct entities: osseointe-
gration of the implants and biomechanical success of the
restorations (Priest 1996). The long-term effectiveness
(osseointegration) of dental implants has been well docu-
mented and is thought to be predictable in clinical practice
(Adell and others 1981; Lazzara and others 1996; Testori
and others 2002).

The biomechanical success and failure of single-unit
implant restorations have been the subject of multiple
reports (Jemt and others 1990; Lindh and others 1998;
Andersson and others 1998) (Figure 5.4). Eckert and Wol-
lan (1998) reviewed 1,170 dental implants in partially
edentulous patients that had been qualified into placement
into the anterior/posterior maxillary and mandibular quad-
rants. They reported Cumulative Survival Rates (CSR) at 10
years in the mid to high 90 percents, except for the poste-
rior mandible. They noted cement-retained crown failures
(biomechanical) at five years to be 22.5%. Eckert and Wol-
lan also noted a significant difference in biomechanical
success after June 1, 1991. Prosthetic components were
reengineered and improved for the system that they
reviewed after this date. They determined that the relative
risk for implants placed and restored prior to June 1991
was 2.096 times greater than for implants placed and
restored after this date. They also noted a reduction in
screw loosening from more than 46% to 3.2% after the
abutment screws were redesigned.

Dental endosseous implants have demonstrated high
CSRs in numerous prospective and retrospective studies
around the world. Dental implant manufacturers have con-
tinued to improve the machining of implant components
and made improvements in the biologic designs to make
dental implant treatment for edentulous and partially eden-
tulous patients predictable and practical for patients and
practitioners alike.
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Figure 5.4. Laboratory view of broken implant restorative components.
This prosthesis was inserted in 1989. There was micro movement
among the implant restorative components that was below the con-
sciousness of the patient. The movement continued until such time

that the abutment screws fractured.

Figure 5.5. Clinical occlusal view of the patient at her initial
presentation.

CLINICAL CASE PRESENTATION
Appointment 1. Initial Examination (3/4 Hour)

A 45-year-old female patient presented to the author’s
office with a chief complaint: “I am missing a lower back
tooth and want it replaced with an implant” (Figure 5.5).

This patient was congenitally missing the mandibular sec-
ond premolar and lost the second primary molar three
months previous to the above visit. Her medical history
was noncontributory.

The initial diagnostics included panoramic and bitewing
radiographs, and clinical examination including periodon-
tal pocket measurements and diagnostic impressions (Fig-
ures 5.6, 5.7).



Figure 5.6. Initial panoramic radiograph demonstrated adequate bone Figure 5.8. Denture tooth set into the edentulous space.
in two dimensions for implant placement.

Figure 5.7. Mandibular diagnostic cast made from an alginate Figure 5.9. Surgical guide was made from a rigid plastic to identify the
impression. planned location of the implant restoration.

Diagnostic Casts

Diagnostic casts were poured in dental stone. A denture
tooth was selected that fit into the edentulous space in the
mandibular left posterior quadrant (Figure 5.8). A surgical
guide (Biocryl [2 mm X 125 mm square], Great Lakes, Buf-
falo, NY) was made using a heat/vacuum machine (Biostar,
Great Lakes, Buffalo, NY) (Figure 5.9). A 2 mm circular hole
was drilled into the central fossa of the surgical guide as a
starting point for the implant surgeon (Figure 5.10).

Diagnoses
The following diagnoses were made:
1. Congenital absence of mandibular left second premolar

2. Adequate bone volume for placement of a 5 mm diame-

ter implant
Figure 5.10 Occlusal view of the surgical guide with a 2 mm circular
hole in the central fossa. The hole identified the planned location of the
implant restoration. The hole allowed for the first bur in the sequence for
4. Type |, mild gingivitis development of the implant osteotomy.

3. Adequate restorative volume for an implant-retained
crown
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TABLE 5.1. Treatment Plan #1 (Implant Restoration)

Diagnosis: Congenital absence of mandibular left second premolar

Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Diagnostic wax pattern (#20) D9999
Surgical guide D5988

Referral to periodontal office:
1. Evaluate and treat for replacement of the missing mandibular left second premolar
2. Place a 4 mm diameter, internal connection implant with a single-stage protocol, if possible.
3. Healing abutment should have the following profiles: 5 mm restorative platform, 6 mm emergence profile.
Occlusal surface should be 1 mm supra-gingival
4. Post-operative instructions
5. Post-operative follow-up appointments until soft tissues and osseointegration have occurred
6. Discharge to restorative dentist

Fees and services will be determined by the periodontist.

ADA # Fee

Restorative re-evaluation D0140
Pre-machined implant abutment D6056
Or
Custom implant abutment D6057
Abutment supported porcelain fused

to metal crown (noble metal) D6061
Yearly recall appointment D0120
Periapical radiograph D0220

Benefits of Treatment Plan #1

The missing tooth in the lower left quadrant will be replaced with an implant restoration that will not be removable by
the patient. Occlusion (bite) will be optimized. Patient should enjoy improved function with good aesthetics on a
long-term basis. Some of the services may be eligible for payment under your medical insurance policy because
you never developed this permanent tooth. The teeth adjacent to the missing tooth will not have to be prepared for
crowns (caps).

Limitations of Treatment Plan #1

Cost, complexity and length of treatment (4—12 months). Implants are generally successful in the back part of the
lower jaw approximately 96-99% of the time. The implant has to be placed optimally for the above treatments to be
accomplished. If the implant cannot be placed optimally, changes in the treatments (surgical and prosthetic), fees,
and designs will be likely. The patient needs to return to this office at least once per year (may be in conjunction with
planned recall appointments) for follow-up, which will include radiographs (x-rays) to assess osseointegration of
the implant, status of the occlusion, health of the soft tissues, and the integrity of the implant/abutment connection.
This treatment plan itemizes only the prosthetic phase of treatment.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611
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TABLE 5.2. Treatment Plan #2 (Fixed Bridge)

Diagnosis: Congenital absence of mandibular left second premolar

Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Diagnostic wax pattern (#20) D9999
Tooth #19 (first molar)

Porcelain Fused to Metal Retainer D6752
Tooth #20 (missing second premolar)

Porcelain Fused to Metal Pontic D6242
Tooth #21 (first premolar)

Porcelain Fused to Metal Retainer D6752
Yearly recall appointment D0120
Periapical radiograph D0220

Benefits of Treatment Plan #2
The missing tooth in the lower-left quadrant will be replaced with a fixed prosthesis that will not be removable by the
patient. Occlusion (bite) will be optimized. Patient should enjoy improved function with good aesthetics on an inter-
mediate term basis (10 years).

Limitations of Treatment Plan #2

Cost, complexity, and length of treatment (1-2 months). The teeth in front and behind the missing tooth will have to
be prepared (ground down) for crowns, even though neither one of them warrant such treatment. Local anesthesia
will have to be used during the preparation appointment. The pulps (nerves) in one or both teeth may become irri-
tated during the preparation procedures. The worst-case scenario would be that one or both of the teeth may war-
rant endodontic therapy (root canal treatment) during or after completion of the prosthesis. It may be slightly more
difficult for you to accomplish satisfactory levels of oral hygiene in and around the prosthesis. One or both of the
abutment teeth may be more likely to experience decay and/or periodontal (gum) disease. The patient needs to
return to this office at least once per year (may be in conjunction with planned recall appointments) for follow-up,
which will include radiographs (x-rays) to assess the integrity of the fit between the crowns and the abutment teeth,
status of the occlusion, and health of the soft tissues. Fixed bridges generally have life expectancies of 5-12 years.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611.

Treatment Options

Appointment 2. Consultation Restorative The first treatment option described placement of a 4 mm

Dentist/Patient (1/2 Hour)

A definitive consultation appointment was scheduled as
the patient left the office from the first visit. The time
between the first and second appointments allowed for
development of the treatment options for this particular
patient.

diameter implant, and osseointegration and fabrication of
an implant-retained crown (Table 5.1). The second treat-
ment option described the replacement of the mandibular
left second premolar with a 3-unit fixed partial denture
(Table 5.2). The third treatment option deferred prosthetic
treatment at this time (Table 5.3).
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TABLE 5.3. Treatment Plan #3 (No Definitive Treatment)

Diagnosis: Congenital absence of mandibular left second premolar

Restorative Services ADA # Fee
Yearly recall appointment D0120
Bitewing radiographs D0274

Benefits of Treatment Plan #3

No invasive procedures will be performed in conjunction with the missing tooth in the lower left quadrant.

Limitations of Treatment Plan #3

Both of the back, left quadrants (upper and lower jaws) may be unstable and the teeth subject to drifting into the
space of the missing tooth. Long-term function may be compromised by nonreplacement of the second premolar.
If the teeth in the quadrants drift and then the patient decides to proceed with prosthetic treatment, orthodontics
may be needed to put the teeth back into optimal positions prior to proceeding with definitive treatment.

Patient signature

Date

Witness

Date

ADA #s, CDT 4 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association, 211

East Chicago Avenue, Chicago, IL 60611.

Benefits and limitations of each treatment option were
described in detail on the written treatment plans. The
prosthodontic fees, or ranges of fees for each procedure,
were also listed on each treatment plan. The patient was
given copies of the treatment plans. The patient agreed to
proceed with the first treatment plan including implant
placement and was referred to a periodontist for the surgi-
cal diagnostic work up. Surgical costs were not discussed
because they would be the obligation of the surgical office
to define.

Appointment 3. Consultation Restorative
Dentist/Surgeon (1/2 Hour)

This appointment generally takes place before or after nor-
mal business hours and should precede the surgeon’s
examination appointment. It may occur at lunch, at either
practitioner’s office, or at another convenient location. This
consultation is critical for the long-term functional and aes-
thetic success of implant treatment. It is essential that the
restorative dentist explain to the surgeon the physical and
radiographic findings, the diagnosis, and the treatment
options that were explained to the patient. This particular
case presentation was not technically demanding, and the
consultation between restorative dentist and the periodon-
tist was completed within 30 minutes. Other, more complex
treatment options are discussed in later chapters.
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Figure 5.11. A parallel walled, internal connection implant
(OSSEOTITE ® Certain 10SS411) was preselected by the
periodontist for use in the mandibular left posterior quadrant
prior to implant surgery.

Type/Number/Size of Implants

In this case, the patient was missing a single tooth and had
adequate space for both the surgical and prosthetic
phases of implant treatment. The author suggested that a 4
mm diameter implant be placed because this size implant
most closely approximated the size of the missing tooth.
The shape of the implant body would be determined by the
periodontist at the time of implant placement. In this case,
the periodontist preselected a parallel walled implant
(OSSEOTITE® Certain 10SS411) (Figure 5.11).



Figure 5.12. Pre-machined titanium abutment as received from the
manufacturer. This GingiHue® Post (IAPP454G) was made for a 4.1 mm
diameter, internal connection implant. It has a 5 mm emergence profile
and a 4 mm collar height.

Figure 5.13. Occlusal view of four implant-retained cemented crowns
replacing the mandibular right posterior teeth.

Figure 5.14. Occlusal view of an implant screw-retained fixed partial
denture replacing maxillary posterior teeth 10 years post insertion. The
occlusal anatomy was distorted secondary to the location of the screw
access openings.

Abutment/Prosthesis Design

The author planned to use a pre-machined titanium abut-
ment (GingiHue® Post, IAPP454G) with a cement-retained
crown (Figure 5.12). Cement-retained crowns generally
allow restorative dentists to develop optimal occlusal
anatomy and function (Figure 5.13). Screw-retained crowns

Figure 5.15. Profile view of a diagram of the 4 mm long internal con-
nection of OSSEOTITE® Certain® implants.

may distort occlusal anatomy based on the angulation of
the implant and how it relates to the occlusal anatomy of
the tooth (Figure 5.14).

Implant/Abutment Connection

The 3i® internal connection implant was designed with a 4
mm long implant/abutment connection (Figure 5.15).

Internal implant/abutment connections, from various man-
ufacturers, have proven to be successful in clinical prac-
tice. 3i® introduced their internal connection implant
(OSSEOTITE® Certain®) in 2003. The clamping forces
between implants and abutments in this system are signifi-
cantly greater than some clamping forces that have been
reported for external implant/abutment connections (3i®
20083).

This is not to say that external hex implant/abutment con-
nections are not clinically acceptable (Figures 5.16, 5.17).
The author reported on the clinical success of external
hex implant/abutment connections in 2003 (Drago 2003).
Seventy-three patients were treated with OSSEOTITE®
implants (external hex implant/abutment connections) and
were followed for one year. All of the abutments were
attached to the implants with square abutment screws that
were torqued to 35 Ncm with a torque instrument. All of the
abutments were designed with the Gold Standard ZR™
(Zero Rotation) feature. One abutment screw was found to
be loose at the end of the 12-month study; the CSR for the
implant/abutment connections was 99%.
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Figure 5.16. Occlusal view of the implant restorative platform
implant/abutment external hex connections for the 4.1 and 5.0 mm
diameter OSSEOTITE® implant system (left, right, respectively).

Figure 5.17. Profile view of the heights of the implant/abutment exter-
nal hex connections for the 4.1 and 5.0 mm diameter OSSEOTITE®
implant system (left, right, respectively).

Surgical Protocol

The author also suggested that, if possible, a one-stage
surgical protocol be followed. Published reports have indi-
cated that single-stage surgical protocols have been as
efficacious as the traditional two-stage surgical protocols
(Testori and others 2002).

Healing Abutment Selection

In this case, a single-stage surgical protocol was followed.
The predetermined healing abutment size was 4.1 mm
restorative platform and 6 mm emergence profile, and the
occlusal surface should be slightly supra-gingival (2, 3, or
4 mm) (ITHA464, Figure 5.18).

Implant Restorative Wish List

The above concepts have proven to be an excellent start-
ing point for discussions between the author and implant
surgeons. A form was developed that incorporated all of
the concepts noted above and is called the Implant
Restorative Wish List (Table 5.4). It is now completed for
each patient and sent to the implant surgeon prior to
patient treatment.
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Figure 5.18. Profile view of a healing abutment for a 4.1 mm implant
restorative platform, 6 mm emergence profile, and 4 mm collar height
for the OSSEOTITE® Certain® implant system (ITHA464).

TABLE 5.4. The Implant Restorative Wish List
Tooth # 20 (Left Mandibular Second Premolar)

Type of Implant OSSEOTITE® Certain®
Implant Restorative Platform 4.1 mm
Surgical Protocol Single stage

Implant/Abutment
Connection
Healing Abutment

Internal (Certain)

6 mm X 2, 3, or4 mm
(supra-gingival
occlusal surface)

Occlusal Loading Protocol 8-10 weeks

Appointment 4. Implant Placement (1 Hour)

In this instance, the surgeon was able to place a 4 mm
diameter implant with a single-stage protocol (Figures 5.19
and 5.20). A two-piece healing abutment was placed and
the patient was discharged with postoperative instructions.
She was to return for a clinical reevaluation 10 days post
operatively. The abutment screw for this type of healing
abutment may be torqued to 20 Ncm.

Appointment 5. Restorative Follow-Up
Appointments (1/4 to 1/2 Hour)

Either the implant surgeon or restorative dentist may
schedule follow-up appointments. It is important to coordi-
nate the follow-up appointments so as to not duplicate the
efforts of either office and to minimize inconvenience to
patients. For single-stage surgical protocols in nonaes-
thetic zones, the author generally appoints patients at 10
days, four weeks, and eight weeks (Figures 5.21 and 5.22).

The patient’s surgical site was examined for inflammation,
infection, drainage, and plague control. In this case, these
appointments were scheduled for 15-30 minutes.



Figure 5.19. Buccal view of implant and healing abutment in place at
the time of implant placement. In single-stage surgical protocols, the
occlusal surfaces of the healing abutments should be supra-gingival.

Figure 5.21. Occlusal view of two-piece healing abutment 10 days post
implant placement.

Figure 5.22. Occlusal view of healing abutment four weeks post
implant placement.

Figure 5.20. Radiograph of parallel wall internal connection implant
and healing abutment at the time of implant placement.

Appointment 6. Reevaluation and
Determination of Implant Impression
Date (1/2 Hour)

The implant surgeon had informed the author that the bone

in the area of this implant was probably Type Il in hardness.

He recommended that the implant remain undisturbed for

at least eight weeks post implant placement. The reevalua-

tion appointment occurred approximately eight weeks after  Figure 5.23. Occlusal view of healing abutment eight weeks post
implant surgery (Figure 5.23). The soft tissues had healed  implant placement.
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Figure 5.24. Custom open face impression tray in place on the diag-
nostic cast. A window was prepared in the tray in the mandibular
premolar area.

in a manner consistent with the shape of the healing abut-
ment, the healing abutment was stable, and no macro-
scopic movement was visualized between the implant and
healing abutment. Diagnostic impressions were not needed
because the implant was placed according to the surgical
guide. If the implant was not placed optimally, a new diag-
nostic cast would be required if a custom impression tray
was to be made. The patient was reappointed for an
implant level impression in two weeks.

Laboratory Procedures
Custom Open Face Impression Tray

It is the author’s preference to make implant level impres-
sions with implant pick-up impression copings. This proto-
col required an open face tray. Custom impression trays
may be made from light cured or autopolymerizing acrylic
resin. In this case, light cure resin (Triad® Visible Custom
Tray Material, DENTSPLY International, Inc., York, PA) was
used to fabricate the custom impression tray (Figure 5.24).
If there are significant undercuts in or around the teeth, they
should be blocked out with wax prior to fabricating the tray.

Tentative Abutment Selection

The implant abutment for this case was selected according
to the following criteria:

. Implant/abutment connection
. Implant restorative platform size
. Diameter of healing abutment

1
2
3
4. Peri-implant sulcular depth
5. Implant angulation

6

. Inter-occlusal clearance

Based on the above criteria, the author tentatively selected
a pre-machined titanium alloy abutment: GingiHue® Post
(Catalog # IAPP464G) (Figure 5.25).
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Figure 5.25. The GingiHue® Post as received from the manufacturer
for a 4.1 mm diameter, internal connection implant (OSSEOTITE®
Certain®); 6 mm emergence profile; 4 mm collar height (Catalog
#APP464G).

Figure 5.26. Implant impression coping (Il1C60) for the implant in Fig-
ure 5.25 (left); implant lab analog (Catalog #1ILA20) that replicated the
implant used in this case presentation.

Furthermore, the appropriate implant impression coping
and implant lab analog were also preselected and placed
into the laboratory case pan (Catalog #l11C60, IILA20,
respectively) (Figure 5.26). By preselecting the impression
components, the restorative team was assured of having
the correct components on hand for the impression
appointment.

Appointment 7. Implant Level
Impression (1/2 Hour)

Clinical Procedures

The healing abutment was removed with a driver
(PHDO2N) by placing the tip of the driver into the hex on
the occlusal surface of the healing abutment (Figure 5.27).
The implant restorative platform of the 4.1 mm diameter
implant was completely visualized (Figure 5.28). In a single-
stage protocol it is not unusual to visualize some hemor-
rhage, because this will be the first time the healing abut-
ment has been removed after implant placement. The
hemorrhage will generally stop on its own without the need
for hemostatic agents.



Figure 5.27. At 10 weeks, the PHDO2N driver (inset) was used to
remove the two-piece healing abutment from the implant.

Figure 5.28. The implant restorative platform of the 4.1 mm
OSSEOTITE® Certain® implant, color coded blue, after the
healing abutment was removed.

Figure 5.29. The implant impression coping, 4.1 mm implant restora-
tive platform, 6 mm emergence profile (Catalog # 111C60) that replicated
the size of the healing abutment in place.

Figure 5.30. This radiograph verified that the implant impression cop-
ing was completely seated into the implant internal connection.

Figure 5.31. Clinical image of impression tray in place. Impression
material must be cleared from the impression coping screw prior to
polymerization of the impression material. In order for this technique to
be successful, clinicians must have access to the impression coping
screw and unscrew it from the implant prior to removing the impression
tray from the mouth.

The implant impression coping was placed into the implant
internal connection (Figure 5.29). Clinicians will feel and
hear a “click” when the impression coping is properly
seated. A verification radiograph was taken that verified
an accurate implant/impression coping connection (Fig-
ure 5.30).

The impression tray was tried in to ensure that the impres-
sion coping did not interfere with complete seating of the
tray. The definitive impression was made with a putty/injec-
tion poly vinylsiloxane impression material (Exafast®, GC
America Inc., Alsip, IL) per the manufacturer’s instructions
(Figure 5.31).
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Figure 5.32. A hemostat was used to ensure that the impression cop-
ing screw was completely disengaged from the implant.

Figure 5.33. The intaglio surface of the definitive impression with the
implant impression coping inside the impression material.

After the impression material polymerized, the impression
coping screw was unscrewed and a hemostat was used to
verify that the screw was completely disengaged from the
implant (Figure 5.32). The impression tray was removed.
With the pick-up impression protocol, the impression cop-
ing remains inside the impression (Figure 5.33). The heal-
ing abutment was replaced and hand tightened. A porce-
lain shade was selected and recorded, and the patient was
discharged.
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Figure 5.34. OSSEOTITE® Certain® laboratory analog (IILA20) for 4.1
mm implant seated onto the impression coping in Figure 5.33. Note the
metal-to-metal contact between the implant restorative components.

Laboratory Procedures
Master Cast

The appropriate implant lab analog (Catalog # IILA20) was
attached to the intaglio surface of the implant impression
coping (Figure 5.34). A tactile and audible click was
appreciated. Metal-to-metal contact between the implant
lab analog and the impression coping was visualized, indi-
cating that the components were correctly attached.

A polyether impression material (Impregum®, 3M Espe,
Minneapolis, MN) was injected around the implant lab ana-
log/impression coping interface, taking care not to let any
of the material drift into either inter-proximal contact area
mesial or distal to the implant (Drago 1994) (Figure 5.35).
This material was allowed to polymerize and Type IV dental
stone was mixed per the manufacturer’s instructions and
vibrated into the impression to fabricate the master cast
(Figure 5.36). The master cast was mounted on a simple
hinge articulator.

Laboratory Work Order for Abutment Preparation
and Crown Fabrication

The abutment was selected based on the abutment selec-
tion criteria above (IAPP464G). Restorative clinicians may
elect to have dental laboratory technicians select the abut-
ments. In those cases, restorative clinicians should provide
the technicians with the information described in the previ-
ous section.

In this instance, the tentative abutment selection was found
to be accurate. The GingiHue® Post was sent along with



Figure 5.37. The pre-machined titanium alloy abutment (Catalog #
IAPP464G) as received from the manufacturer in place on the master
. . . o cast. The flat surface may be placed on any of the axial walls. The
Figure 5.35. The polyether impression material was injected to cover author prefers that it be placed on the longest axial wall as opposed to
the implant impression coping/implant lab analog junction. always placing it on the facial walls. Laboratory hexed screws should be
used in the laboratory (IUNITS, inset).

Figure 5.38. The Laboratory Abutment Holder for OSSEQTITE® Cer-
tain® implants (Catalog #ILTAH57).

Figure 5.36. The mandibular master cast ready to be sent to commer-

cial dental laboratory.

the flat side on the mesial surface (Figure 5.37). Use

the case to a commercial dental laboratory (Paramount the enclosed Hexed Try-In Screw (IUNITS).

Dental Lab, Menomonee Falls, Wisconsin). The hexed lab-
oratory screw was also enclosed (IUNITS). The following 2. Identify the location of the facial gingival margin by
work order was completed relative to abutment preparation scribing a line into the gold titanium nitride coating.

(Brago 2003): 3. Remove the abutment from the cast and place it
1. Place enclosed abutment (Catalog #IAPP464G) on onto a Laboratory Abutment Holder (ILTAH57) for
implant in the mandibular left posterior quadrant with OSSEOTITE® Certain® implants (Figure 5.38).
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Figure 5.39. Titanium abutment after it was prepared per the labora-
tory work order in place on the master cast.

4. Prepare the abutment with a 6° axial taper and 2 mm
inter-occlusal clearance; 2 plane reduction on the
facial cusps (Figure 5.39).

5. Refine the facial and mesial inter-proximal margins so
that they are 1 mm sub-gingival.

6. Leave the axial walls coarse; do not polish.
7. Apply two layers of die spacer.

8. Develop a wax pattern for porcelain fused to metal
crown restoration by waxing the pattern to full contour
and cut back for porcelain.

a. Cusp/fossa occlusion

b. No balancing interferences

c. Optimal emergence profiles

d. Standard inter-proximal contacts

9. Cast the wax pattern in a noble alloy (Olympia, JF
Jelenko and Co.).

10. Finish the casting and apply porcelain (Figures 5.40,
5.41).

11. Return restoration by

Appointment 8. Abutment and Crown
Insertion Appointment (3/4 Hour)

Abutment Placement

The healing abutment was removed and the entire implant
restorative platform was visualized. The prepared titanium
alloy abutment was placed with a Hexed Try-In Screw (Cat-
alog #IUNITS). A tactile and audible click were appreci-
ated and indicated that the abutment was completely
seated into the implant (Figure 5.42).
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Figure 5.40. Lingual view of porcelain fused to metal crown in place on
the prepared abutment, on the master cast. Note the optimal emer-
gence profiles that were initially developed with the selection of the
appropriate healing abutment.

Figure 5.41. The porcelain fused to metal crown restoration in occlu-
sion with the opposing diagnostic cast.

Radiographic Verification and Crown Try-In

A radiograph was taken to ensure that the abutment was
completely seated (Figure 5.43). The porcelain fused to
metal crown was tried in by adjusting the inter-proximal
contacts until the crown margins fit the abutment margins.
A periapical radiograph was taken to ensure that the crown
was seated onto the abutment (Figure 5.44). The occlusion
was adjusted to achieve occlusal contacts consistent with
the patient’s pre-operative occlusion; there were no bal-
ancing or lateral working contacts.



Figure 5.42. The prepared abutment in place at the abutment and
crown try-in appointment.

Figure 5.43. A periapical radiograph was taken that verified that the
abutment was seated correctly onto the implant.

Torque

The crown and abutment were removed and the crown
was polished. A Gold-Tite® Hexed Screw (Catalog
#IUNIHG) was used to attach the abutment to the implant
(Figure 5.45). To verify that the abutment was in the cor-
rect position, the practitioner tried in the crown and fit it in
the same fashion it did during the try-in procedures. The
abutment screw was torqued to 20 Ncm with the Restora-
tive Torque Indicator (Catalog #RT12035) (Figure 5.46).

Figure 5.44. A periapical radiograph was taken that verified that the
crown was seated correctly onto the abutment.

Figure 5.45. A Gold-Tite™ Hexed Abutment Screw (Catalog #IUNIHG)
as received from the manufacturer.

Figure 5.46. A Restorative Torque Indicator (Catalog #RTI2035) was
used to torque the abutment screw in Figure 5.45 to 20 Ncm. (Triangle
to triangle on the face of the RTI2035.)
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Figure 5.47. Clinical buccal image of the porcelain fused to metal in

place after cementation to the titanium alloy abutment. Figure 5.48. Radiograph that was taken one year post implant restora-
tion and occlusal function. There was less than 1 mm of bone loss when
compared to the bone levels at the time of implant abutment and crown
restoration.

TABLE 5.5. Lab Fees, Component Costs, Overhead, Fees, and Profits for an Implant-Retained Crown

Fixed
Laboratory
Chair Time Overhead Expenses
Casts $ 45
Impression Articulation $15
PFM crown $275
Milling abutment $75
.5 hours $350/hr = $175 Sub Total $410
Implant Components
Healing abutment $36
Impression Coping $45
Analog $21
Pre-machined
abutment $90
Lab screw $14
Abutment screw $54
Sub Total $260
Crown Insertion
.5 hours $350/hr = $175
TOTALS ($350) ($670)
Professional Fee $1400
Costs (fixed overhead and laboratory expenses) $1020
Profit (fees less costs) $ 380
Profit per hour ($380/1 hr) $ 380

Healing abutments, impression copings, and lab screws may be used multiple times, therefore costs will be
decreased for each succeeding case and profits will be increased. Analogs should not be re-used.
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Cementation

The crown was cemented to the abutment with permanent
crown and bridge cement (GC Fuji Plus, GC America) (Fig-
ure 5.47). It has been the author’s experience that this pro-
tocol ensures stable implant/abutment connections, and
due to the precise fit between implant abutments and
crowns fabricated in this fashion, even with temporary
cement, implant crowns cannot be easily removed from
abutments if needed (Drago 2005).

Appointment 9. Follow-Up Appointments
Two Weeks/Six Months

This patient was followed up at two weeks, six months and
one year post implant crown insertion. The clinical appoint-
ments included an evaluation of the occlusion in both cen-
tric and eccentric movements; health of the soft tissues,
plaque control, and so on. This patient adapted well to this
restoration and no further treatment was needed.

One-Year Recall Clinical and
Radiographic Evaluation

At the one-year recall appointment, a radiograph was
taken to compare bone levels from the abutment insertion
appointment to the bone levels one-year post occlusal
loading. There was approximately 1 mm of crestal bone
loss mesial/distally. There was satisfactory adaptation of
the bone to the threads of the implant and there were no
radiolucencies. The implant was considered to be osseoin-
tegrated (Figure 5.48).

Costs/Fees/Profitability

The following discussion (Table 5.5) relative to fees is
reflective of late 2005 in the Midwest United States. The
costs of the implant components are retail prices from
Implant Innovations, Inc., Palm Beach Gardens, Florida.

Surgeon: Garry O'Connor, DDS, MS, Gundersen Lutheran
Medical Center, LaCrosse, WI

Dental Laboratory Technician: Tom Dirks, CDT, Paramount
Dental Laboratory, Menomonee Falls, WI
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Chapter 6: Re-Treatment of a Fractured Implant Fixed Partial
Denture in the Posterior Maxilla with CAD/CAM
Abutments and a New Fixed Partial Denture

LITERATURE REVIEW

Dental implant restorations placed in the 1980s had chal-
lenges associated with the biology of osseointegration, as
well as biomechanics of prosthesis survival (Adell and
others 1981; Kallus and Bessing 1994). Implant prostheses
were designed with screw retention to facilitate removal
and repair, while sacrificing aesthetics and occlusion (Zarb
and Schmitt 1990).

As the treatment modality changed from edentulous
patients to include partially edentulous patients, there were
reports of prosthetic complications that could have a nega-
tive impact on overall success rates in implant treatment.
Zarb and Schmitt (1990) reported on 274 implants placed
in 46 consecutive patients who were followed for up to nine
years. The success rate for the implants was 89.05%; the
success rate for the prosthetic treatment was 100%. They
recorded complications and problems during the surgical,
restorative, and follow-up phases of treatment. Zarb and
Schmitt concluded that safe retrievable techniques would
result in negligible morbidity.

Hemmings and others (1994) studied and compared the
maintenance requirements for fixed prostheses and over-
dentures in edentulous mandibles. Post insertion adjust-
ments were more common in the first year in the overden-
ture population, but thereafter, the fixed prostheses had
more complications and required more maintenance. The
average number of recalls for the first year was 2.27 and
1.57, respectively.

Attard and Zarb (2002) reported on the long-term success
of implant-supported posterior zone prostheses in the first
35 consecutive, partially edentulous patients treated at the
University of Toronto. They reported that the overall survival
of the posterior implants was 94%. They concluded that
Branemark dental implants were highly effective in the
rehabilitation of partially edentulous patients missing multi-
ple posterior teeth.

The hexagonal extension on the coronal aspect of external
hex implants was originally designed as a rotational torque
transfer mechanism used during the surgical placement of
implants. With the initiation of single unit implant restora-
tions, the external hex was used as an anti-rotation compo-
nent (Beaty 1994) (Figures 6.1 and 6.2). The precision fit

Figure 6.1. Occlusal view of 4.1 mm and 5.0 mm implant restorative
platforms (left, right, respectively) that identifies the flat-to-flat surface
configurations at 2.7 mm.

Figure 6.2. Profile view of 4.1 mm and 5.0 mm diameter implants that
identifies the hexagonal height of 0.7 mm for both implants.

between implants and abutments is one of the key ele-
ments in long-term prosthetic success of implant restora-
tions. (Jemt 1986; Asavant and others, 1988). Binon (1995)
contended that if the rotation between implants and abut-
ments can be minimized, more stable and predictable
screw joints will result and rotation of less than 5° is desir-
able for implant joint stability.

The implant/abutment interface determines joint strength,
stability, and lateral/rotational stability. As implant design
evolved, so did implant/abutment connections. One of the
first internally hexed implant/abutment designs incorpo-
rated a 1.7 mm deep hex below a 0.5 mm wide, 45° bevel
(Niznick 1983). Internal connection implants were intended
to distribute masticatory forces deeper within implants,
which would protect the abutment screw from excessive
loading forces. For increased strength, internal connection
implants were made from titanium alloy instead of commer-
cially pure titanium, which provided superior strength to
the implant/abutment connection (Norton 2000; Mollersten
and others 1998).
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Figure 6.3. Cross sectional view of 3i®s internal connection
implant/abutment connection. There are three distinct zones

within the implant/abutment connection: the occlusal most portion is
specific for a 6-point hex; the middle portion for a 12-point hex; the
lower portion for the audible “click” with complete insertion of the
restorative component.

Figure 6.4. An occlusal view of the 6/12 point connection of 3i®s inter-
nal connection implant.

There have been further design changes in attempts to
improve stability and predictability of the implant/abutment
interface. The design changes have included variations in
joint designs, or the numbers of hexes present within the
connection system (Sutter and others 1993; Perriard and
others 2002).

Implant Innovations, Inc.® introduced their internal connec-
tion implant (OSSEOTITE® Certain®) in 2003 (Figures 6.3,
6.4). This internal connection provides 4 mm of internal
engagement that provides lateral stability for off-axis masti-
catory forces (Niznick 1991; Norton 2000; Mollersten
1997). Mollersten and others (1997) performed a labora-
tory study in which they studied the depths of the joints in
implant/abutment connections and found that the strength
and failure modes varied significantly between the implant
systems and deep joints, in contrast to shallow joints. They
concluded that joint depth should be one of the considera-
tions that should be taken into account in selecting pre-
dictable dental implant systems.
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Figure 6.5. GingiHue® Post (IAPP454G) as received from the manu-
facturer in place.

Figure 6.6. The above GingiHue® Post after it was prepared by a den-
tal laboratory technician for use as an abutment for a cement-retained
crown.

The height of the abutment screw is only 1.95 mm from the
top of the screw to the seating surface. This allows greater
flexibility in the amount of abutment preparation without
risk of damaging the head of the screw (Figures 6.5, 6.6).

This internal connection system incorporates a 6-point hex
design for use with straight abutments and a 12-point, dou-
ble hex design for use with pre-angled abutments. Stock
abutments are less expensive than custom abutments and
therefore result in decreased costs for restorative dentists.

Abutment screws with 3i®s internal connection have to be
torqued only to 20 Ncm. Rodkey (1977) discussed that the
type of finish present on abutment screws can have a con-
siderable effect on the tension induced by a given torque.



Figure 6.7. Profile view of a Gold-Tite™ hexed abutment screw for
3i®s internal connection implant.

Figure 6.8. Occlusal view of an Encode™ Healing Abutment with a
5 mm emergence profile.

Sakaguchi and Borgersen (1995) reported that the actual
preload developed within a screw joint system is depen-
dent upon the finish of the interfaces, friction between the
components, geometry, and properties of the materials in
the system. Martin and others (2001) performed an exten-
sive laboratory study in which they tested four commer-
cially available abutment screws and their ability to gener-
ate preloads in dental implant (external hex)/abutment
connections. The greatest preload values were calculated
for Gold-Tite™ abutment screws at 20 and 32 Ncm levels.
Enhanced screw surfaces were shown to generate less
friction between screws and implants than non-enhanced
screws (Figure 6.7).

CAD/CAM technology is an exciting new method for pro-
ducing implant restorations for single, multiple, and full
arch restorations. The protocol involves generating digital
information relative to implant analogs, adjacent and
opposing teeth, and the contours of the planned restora-
tion in a computer. The information may be obtained with
images or tactile probes. With the Encode™ Restorative
System (3i®, Palm Beach Gardens, FL), special healing
abutments (Figure 6.8) are scanned and via a sophisti-
cated computer software program, patient specific abut-
ments are developed (Figure 6.9). This information is sent
to a milling machine and abutments are milled from blanks
of titanium alloy (Figure 6.10).

Figure 6.9. CAD/CAM design of two abutments for a 3-unit FPD.

Figure 6.10. Facial laboratory view of two Encode Abutments on a
master cast.

Milled titanium abutments fabricated with CAD/CAM tech-
nology provide clinicians and dental laboratory technicians
significant advantages over custom cast abutments made
with conventional casting technology. Waxing, casting,
and finishing procedures associated with conventional
cast abutments have been eliminated. Generally speaking,
there are significant time savings with this process be-
cause the commercial dental laboratory will have to pro-
vide only the definitive porcelain fused to metal crown for
implant restoration. This system actually has decreased
the overall costs of implant treatment for laboratories,
restorative dentists, and patients. There are clinical reports
concerning this technology, but it should be noted that no
laboratory studies on the precision of fit with this system
have been published (Drago 2005).

The following clinical case presentation illustrates the use
of CAD/CAM custom abutments and a 3-unit fixed partial
denture to replace a screw-retained 3-unit FPD that failed
after 10 years of function.
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Figure 6.11. Pre-operative clinical appearance of the fractured implant-
retained 3-unit fixed partial denture.

CLINICAL CASE PRESENTATION
Appointment 1. Initial Examination (3/4 Hour)

A 62-year-old man presented to the author with a chief
complaint: “I have a broken bridge” (Figure 6.11). His his-
tory included placement of two 4.1 mm diameter implants
(external hex) approximately 10 years previous to this first
visit. The implants had been placed by an oral surgeon
and restored by a general dentist in lowa. The patient had
retired to LaCrosse, Wisconsin. The aesthetic veneer mate-
rial had fractured. The patient was not sure which implant
components had been placed (Figure 6.12).

The physical examination revealed an end-to-end occlu-
sion, Type | gingivitis, a normal range of motion, and a den-
tition in good repair. The implant-retained fixed partial den-
ture was screw-retained and appeared to be consistent
with the original Branemark implant system.

Diagnostic Casts

Diagnostic casts were made from alginate impressions
(Figure 6.13). They were mounted in centric occlusion and
the occlusal relationships were evaluated in preparation for
a new fixed partial denture.

Diagnosis
The following diagnoses were developed:

1. Fractured aesthetic veneer, 3-unit fixed partial denture
replacing teeth numbers 3-5

2. 41 mm diameter, external hex, osseointegrated im-
plants, maxillary right posterior quadrant
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Figure 6.12. Pre-operative radiograph that demonstrated approxi-
mately 1-2 mm of bone loss around the osseointegrated implants
in the right posterior maxilla.

Figure 6.13. Diagnostic casts mounted in centric occlusion demon-
strated an end-to-end occlusion. This occlusal relationship was probably
implicated in the fracture of the aesthetic veneer material.

3. Class Il malocclusion with end-to-end occlusion, right
posterior quadrants, minimal anterior guidance

4. Chronic, moderate gingivitis

This patient’s condition was classified as patient type Class
Il per the American College of Prosthodontist's Classifica-
tion system: moderately compromised based on the skele-
tal and dental malocclusion, missing three or fewer teeth in
a given quadrant, and minimal periodontal involvement
(McGarry and others 2002).



TABLE 6.1. Treatment Plan #1 (Implant Restoration)

Diagnosis: Fractured, pre-existing implant-retained fixed partial denture

Restorative Services

Comprehensive oral evaluation
Diagnostic casts
Panoramic radiograph

Removal of preexisting FPD and abutments

Assessment of implant position
Assessment of peri-implant contours

ADA # Fee

D0150
D0470
D0330

D9999

Implant level impression and fabrication of master cast

Articulator mounting
Abutment selection

If implants are in optimal positions,
Stock abutments

If implants are not in optimal positions
Custom abutments

3-unit implant-retained FPD
#3 Porcelain fused to noble alloy pontic

#4 Abutment supported porcelain fused
To metal crown (noble metal)

#5 Abutment supported porcelain fused
To metal crown (noble metal)

Yearly recall appointment
Periapical radiograph

Benefits of Treatment Plan #1

D6056

D6057

D6240

D6061

D6061

D0120
D0220

The fractured, preexisting bridge will be replaced with a fixed prosthesis that will not be removable by the patient.
The patient should enjoy improved aesthetics and function on a long-term basis. The malocclusion will be made

optimal.

Limitations of Treatment Plan #1

Cost, complexity, and length of treatment (1-2 months). The basic malocclusion will remain. The preexisting implant
prosthesis will have to be remade. There is a chance that the new prosthesis may fracture due to the malocclusion
and alignment of the implants. The patient will continue to need to use additional techniques (floss threader) for
hygiene procedures around the implant abutments and prosthesis. The patient needs to return to this office at least
once per year for follow-up, which will include radiographs (x-rays) to assess osseointegration of the implants, sta-
tus of the occlusion, health of the soft tissues, and the integrity of the implant/abutment connections.

Patient signature

Date

Witness

Date

ADA #s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,

211 East Chicago Avenue, Chicago, IL 60611
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TABLE 6.2. Treatment Plan #2 (No Treatment)

Diagnosis: Fractured, preexisting implant-retained fixed partial denture

Restorative Services ADA #
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330

Benefits of Treatment Plan #2

Fee

No additional expenses will be incurred for a new prosthesis.

Limitations of Treatment Plan #2

The preexisting prosthesis may continue to fracture with potential damage to the implant/abutment connections
and/or the abutment and/or retaining screws. The aesthetic and possibly the functional results may be adversely
affected, including but not limited to loosening of implant screws, uneven wear of some or all of the components,
and fracture of implants or restorative components. If there are fractures of the restorative and/or implant compo-
nents, the situation may not be fixable without additional surgery to remove or replace an implant(s).

Patient signature

Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,

211 East Chicago Avenue, Chicago, IL 60611

Appointment 2. Consultation Restorative
Dentist/Patient (1/2 Hour)

A definitive consultation appointment was scheduled as
the patient left the office from the first visit. The time
between the first and second appointments allowed the
author to contact the oral surgeon who placed the implants
and identify the type and size of the implants. It also
allowed for development of the treatment options for this
particular patient.

Treatment Options

The first treatment option involved removing the preexisting
fixed partial denture and assessing the condition of the soft
tissues surrounding the abutments, as well as identifying
the three-dimensional location of the implants relative to
the positions of the adjacent and opposing teeth (Table
6.1). The second treatment option described an option for
which the patient elected not to proceed with treatment
(Table 6.2).

Benefits and limitations of each treatment option were
described in detail on the written treatment plans. The
prosthodontic fees, or ranges of fees for each procedure,
were also listed on each treatment plan. The patient was
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given copies of the treatment plans. The patient agreed to
proceed with the first treatment plan for making a new
implant-retained fixed partial denture on new abutments.

Laboratory Procedures

After the patient decided to proceed with treatment, sev-
eral tasks had to be performed in anticipation of the pros-
thetic treatment.

Custom Impression Tray

The author prefers to use a pick-up impression technique.
This warrants an impression tray with a window that pro-
vides access to the impression coping screws (Figure
6.14).

The implant surgeon had provided the author with the size
and type of implants placed (4.1 mm diameter, external
hex Branemark implants). In order to make a prosthesis
with optimal emergence profiles, implant level impressions
with impression copings of the proper emergence profiles
needed to be selected and on hand for the impression
appointment. Because the missing teeth were premolars
and the preexisting prosthesis replicated the anatomy of
the missing teeth, implant impression copings for 4.1 mm



Figure 6.14. Laboratory occlusal view of open face custom impression
tray in place on the maxillary diagnostic cast.

Figure 6.15. Implant impression coping with 4.1 mm restorative plat-
form and 5 mm emergence profile (11C12).

restorative platforms and 5 mm emergence profiles were
preselected (1IC12) (Figure 6.15).

Appointment 3. Removal of Existing
Prosthesis/Abutments; Implant Impression
(1 Hour)

The pre-existing FPD was removed with a slotted driver
(Figure 6.16). The two conical abutments were visualized
(SCA003) and were removed with a conical abutment
driver (PADOO) (Figure 6.17). The 4.1 mm implant restora-
tive platforms were completely exposed (Figure 6.18).

Implant Level Impression

Implant impression copings (IIC12) were placed onto the
external hexes of the implants. The screws were tightened
with the posterior large hex driver (PHDO2N). The definitive

Figure 6.16. Occlusal view of preexisting 3-unit FPD.

Figure 6.17. Palatal/occlusal view of conical abutments in place after
the prosthesis in Figure 6.16 was removed. Abutment driver inset
(PADOO).

Figure 6.18. Implant restorative platforms (4.1 mm diameter) were
completely exposed after removal of the conical abutments.
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Figure 6.19. Palatal view of pick up implant impression copings in
place. Large hex posterior driver (PHDO2N) inset.

Figure 6.20. An open face tray was used for the pick-up impression
technique. The window provided access to the impression coping
screws, which had to be loosened prior to removal of the impression
with PHDO2N.

impression was made with injection and putty vinyl poly-
siloxane impression material (Figures 6.19 and 6.20).

Laboratory Procedures/Work Orders
Fabrication of Master Cast (Implant Analogs)

After the impression material polymerized, the impression
coping screws were unscrewed with the large posterior
hex driver (PHDO2N) and the impression was removed.
The pick up implant impression copings remained inside
the impression (Figure 6.21). Implant lab analogs for
4.1 mm diameter external hex implants were selected,
attached to the apical surfaces of the pick-up implant
impression copings, and screwed into place from the
occlusal aspect of the impression tray (Figures 6.22, 6.23).
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Figure 6.21. The pick-up implant impression copings remained inside
the definitive impression after the impression was removed from the
mouth.

Figure 6.22. Implant lab analogs (ILA20), inset, were attached to the
apical surfaces of the pick up implant impression copings. Metal-to-
metal contact was visualized between the analogs and the impression
copings.

Figure 6.23. The PHDO2N was used to screw the implant impression
coping screws into the implant lab analogs. Care was taken not to over-
tighten the screws because doing so may alter the positions of the
impression copings within the impression.



Figure 6.24. Poly vinylsiloxane impression material was injected in and
around the impression coping/implant analog connections.

Figure 6.25. The impression was now ready to be poured in Type IV
dental stone.

Because the implant restorative platforms were sub-gingi-
val, the peri-implant soft tissues around the implant lab
analogs in the master cast were made with a resilient mate-
rial. In this case, a separator was placed around the
impression copings/implant analogs prior to injecting poly
vinylsiloxane impression material in and around the implant
analog/impression coping connections (Figure 6.24, 6.25).
Care was taken not to allow any of the impression material
into the interproximal contact areas. The impression was
now ready to be poured in Type IV dental stone to fabricate
the master cast (Figure 6.26).

Figure 6.26. Occlusal view of the master cast with implant analogs in
place.

TABLE 6.3. Laboratory Work Order for Fabrication of a
Master Cast from an Implant Level Impression

Patient name
Doctor name
Doctor address

Phone number
Date

Treatment: Two custom abutments (Encode Abut-

ments), 3-unit fixed partial denture (#3 is a pontic)

1. Enclosed is a poly vinylsiloxane implant impression
for teeth #'s 3, 4, and 5.

2. The impression copings have 5 mm emergence pro-
files for 4.1 mm implant restorative platforms (exter-
nal hex).

3. Place lab analogs (3/® ILA20) onto the impression
copings.

4. Please make sure that you see metal-to-metal con-
tact between the copings and the analogs.

5. Inject a resilient material around the impression cop-
ing/implant analog connections. Take care not to let
any soft material into any interproximal contact
areas.

6. Pour in Type IV die stone per the manufacturer’s
instructions.

7. Allow to set.

Pin, section as needed.

Mount on Stratos 100 articulator in preparation for

fabrication of Encode Abutments and 3-unit FPD.

© ©

The preceding procedures describe fabrication of a mas-
ter cast in the dental office. A laboratory work order for the
above procedures is illustrated in Table 6.3.
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Figure 6.27. Maxillary master cast and mandibular cast were mounted
on a semi-adjustable articulator in preparation for fabrication of the
CAD/CAM abutments and definitive 3-unit FPD.

A centric occlusal jaw relation record was made with Blu
Mousse (Parkell Bio-Materials Division, Farmingdale, NY).
Shades were selected and the casts were mounted on a
Stratos 100 articulator (3i® Package, Ivoclar Vivadent, Inc.,
Technical Division, Amherst, NY) (Figure 6.27).

The preexisting abutments were placed back onto the
implants along with the preexisting 3-unit FPD, and the
patient was discharged.

CAD/CAM Protocol

The CAD/CAM protocol for The Encode™ Restorative Sys-
tem is predicated on a digital scan of Encode™ Healing
Abutments. These special healing abutments have codes
embedded into their occlusal surfaces, and these codes
provide the information required for the ideal anatomical
design of final Encode Abutments (Figure 6.28).
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Figure 6.28. Encode Healing Abutments: 5 mm, 6 mm, 7.5 mm, left to
right. (EHA454, EHA464, EHA474, respectively).

Figure 6.29. Encode Healing Abutments in place on master cast
(EHA454).

In this case, the contours of the preexisting abutments
were similar to 5 mm emergence profiles. Therefore,
Encode Healing Abutments (EHA454) emergence profiles
and 4 mm collar heights were placed onto the implant
lab analogs in the master cast (Figure 6.29). The occlusal
surfaces of Encode Healing Abutments must be supra-
gingival to enable the scanner to accurately scan all of the
codes within the occlusal surfaces.

The base of the cast was soaked in slurry water and an
alginate impression was made. This cast was poured in
Type IV die stone (GC FujiRock® EP Golden Brown, GC
Europe, Leuven, Belgium) (Figure 6.30). This cast was
pinned per conventional fixed prosthodontic protocols and
sectioned. The gingival margins were not trimmed,
because the scanner needs to identify the location of the
gingival margins in conjunction with abutment margin
design (Table 6.4).



Figure 6.30. Occlusal view of die stone cast of Encode Healing
Abutments.

Figure 6.31. CAD design of abutments that will be used in conjunction
with the planned 3-unit FPD.

Articulator Mounting

This cast was mounted on the Stratos® 100 articulator in
the same relationship as the original master cast (with
implant analogs). A work order (Tables 6.5, 6.6) for final
Encode Abutments was completed and, along with the
casts, was sent to the ARCHITECH PSR® Center in Palm
Beach Gardens, FL.

TABLE 6.4. Laboratory Work Order for Fabrication of a
Master Cast for Encode Abutments

Patient name
Doctor name
Doctor address
Phone number

Date

Treatment: Two custom abutments (Encode Abut-

ments), 3-unit fixed partial denture (#3 is a pontic)

1. Select 2 Encode Healing Abutments (IEHA454) and

place them onto the implant lab analogs in the mas-

ter cast.

Make sure that the occlusal surfaces of the Encode

Healing Abutments are supra-gingival.

Make an alginate impression of the master cast.

Pour the alginate impression in FujiRock.

Mount this cast on a Stratos 100 articulator.

Complete the work order for two final Encode

Abutments.

Send to 3 ARCHITECH PSRY®, Palm Beach

Gardens, FL.

8. Keep the master cast with the implant analogs in
your laboratory for fabrication of the 3-unit FPD.

N

o oW

N

CAD Design of Abutments

Using sophisticated computer software programs, a dental
laboratory technician designed the abutment contours for
the 3-unit FPD. In this case, the facial margins were placed
1 mm sub-gingival, and the interproximal and palatal mar-
gins were placed at the gingival crest. The axial contours
were designed with 6° taper and a common path of inser-
tion; the occlusal surfaces were reduced for 2 mm inter-
occlusal clearance. The emergence profiles were made
consistent with the anatomic contours of maxillary premo-
lars (Figure 6.31).
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TABLE 6.5. Blank Work Order for Final Encode Abutments
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TABLE 6.6. Work Order for Final Encode Abutments.

Gold
Tooth Connection Titanium
Number Type Nitride
4 Ext hex No
5 Ext hex No

Figure 6.32. External hex blank of titanium alloy prior to milling the
CAD/CAM abutments.

Figure 6.33. The CAD/CAM abutments after milling. Square try-in
screws (UNITS) were included for use during fabrication of the FPD and
also for the clinical try-in appointment.

CAM Milling of Abutments

The abutments were milled from blanks of titanium alloy.
These blanks were already pre-machined with the external
hex implant/abutment connection (Gold Standard ZR™)
(Figure 6.32). The abutments were milled to precise toler-
ances and shipped to the commercial dental laboratory for
fabrication of the 3-unit FPD (Figure 6.33).

Figure 6.34. Laboratory facial view of the master cast with the 2
CAD/CAM abutments in place.

Figure 6.35. Laboratory palatal view of the master cast with the two
CAD/CAM abutments in place.

Fabrication of 3-Unit Fixed Partial Denture

At the commercial dental laboratory, the final Encode Abut-
ments were placed onto the implant lab analogs in the
master cast (Figures 6.34 and 6.35). An abutment place-
ment index was fabricated directly on the abutments while
they were in their correct positions (Figures 6.36, 6.37,
6.38, 6.39).
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Figure 6.39. The abutments were contained within the abutment place-
ment index. The index simplified insertion and removal of the abutments
Figure 6.36. Two layers of die spacer were placed directly onto the in the laboratory and intra-orally.
abutments prior to waxing and fabricating the abutment placement
index.

Figure 6.40. The wax pattern was waxed to full contour and cut back
for porcelain.

Figure 6.37. Light cured resin was adapted to the occlusal surfaces of

the adjacent teeth, without engaging any undercuts. Autopolymerizing

acrylic resin was used to make copings directly onto the abutments.

Figure 6.38. The resin copings were luted to the light cured resin strip Figure 6.41. The 3-unit FPD was returned to the author for a clinical
for completion of the abutment placement index. bisque bake try-in.
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TABLE 6.7. Work Order for Fabrication of 3-Unit Fixed
Partial Denture

Patient name
Doctor name
Doctor address
Phone number

Date

Treatment: Two custom abutments (Encode Abut-
ments), 3-unit fixed partial denture (#'s 3 to 5; #3 is
a pontic)
1. Master cast with implant analogs mounted on
Stratos 100 articulator
2. Place Encode Abutments onto their respective
analogs. Each abutment package is marked with the
respective tooth number. Square try-in screws
enclosed.
3. Place two layers of die spacer on each abutment
within 1 mm of the abutment margins.
4. Wax the 3-unit fixed partial denture to full contour.
#3 is a pontic. Diagnostic cast enclosed.
a. Occlusion
i. Develop a normal Class | buccal/lingual rela-
tionship between the prosthesis and the
opposing mandibular teeth.
ii. Right working occlusion to be Group Function
occlusion.
ii. Eliminate/minimize balancing interferences.
iv. Narrow the buccal/lingual dimensions of the
occlusal tables.
b. Emergence Profiles
i. The abutments have been contoured for opti-
mal emergence profiles. The margins of the
FPD should flow into the abutment contours
without overhangs.
c. Cut back for porcelain.
d. Cast in gold noble alloy (IPS d.SIGN®91, Ivoclar
Vivadent-Au 60%, Pd 30.6%, In 8.4%).
e. Finish the casting
f. Apply porcelain
g. Return in bisque bake for try-in.

The 3-unit FPD was fabricated per the work order in Table
6.7. and was returned for a bisque bake try-in (Figures
6.40, 6.41).

Appointment 4. Bisque Bake Try-In (3/4 Hour)
Removal of Preexisting Prosthesis and Abutments

The patient returned for the fourth appointment. The pre-
existing FPD and abutments were removed.

Figure 6.42. Abutment placement index in place. Abutments were con-
tained within the index.

Figure 6.43. Square try-in screws were used to retain the abutments to
the implants (UNITS, inset).

Try-In CAD/CAM Abutments

The Encode Abutments were tried in using the abutment
placement index to facilitate abutment insertion (Figures
6.42, 6.43). Square try-in screws for external hex implants
were used (UNITS).
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Figure 6.44. Periapical radiograph demonstrated an intimate metal-to-
metal fit between the abutments and implants. The sub-gingival emer-
gence profiles were fabricated by the CAD computer software program
and milled by the CAM milling unit.

Figure 6.45. Periapical radiograph demonstrated metal-to-metal con-
tact between the retainers of the FPD and the abutments.

Verification Radiograph (Abutments)

A radiograph was taken to verify that the abutments were
seated (Figure 6.44).

Try-In Bisque Bake FPD

The 3-unit FPD was tried in by adjusting the interproximal
contacts until floss could be passed between the prosthe-
sis and the adjacent teeth easily.

Verification Radiograph (FPD)

Another radiograph was taken to verify complete seating of
the prosthesis onto the abutments (Figure 6.45).
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Figure 6.46. The implant restorative platforms for the external hex
implants in the maxillary right posterior quadrant at the time of
CAD/CAM abutment insertion.

Figure 6.47. Final Encode Abutments were placed into the implants
with definitive Gold-Tite™ abutment screws (UNISG, left inset). The
abutment screw was tightened with the Posterior Square Driver
(PSQDON, right inset).

The occlusion was adjusted for stable centric contacts,
right group function occlusion, and no balancing interfer-
ences. The porcelain shades were acceptable.

The prosthesis and abutments were removed and returned
to the commercial dental laboratory for finishing proce-
dures. The preexisting abutments and fixed partial denture
were placed back onto the abutments, and the patient was
discharged.

Appointment 5. Insertion Appointment
(3/4 Hour)

The patient returned for insertion of the definitive
CAD/CAM abutments and fixed partial denture.

Removal of Preexisting Abutments and
Fixed Partial Denture

The preexisting prosthesis and conical abutments were
removed. The peri-implant soft tissues duplicated the size
and shape of the conical abutments. The implant restora-
tive platforms were completely visualized (Figure 6.46).



Figure 6.48. The Contra Angle Torque Driver Body (CADTB) and 32 Ncm torque controller (CATC3) in place.

Figure 6.49. Palatal contours of the 3-unit fixed partial denture at the
insertion appointment.

CAD/CAM Abutment Placement

The CAD/CAM abutments were put into place with the
abutment placement index as per the procedures for the
bisque bake try-in (Figure 6.47). Because the author knew
that the abutments and FPD fit, the definitive abutment
screws were used (UNISG). The Posterior Square Driver,
17 mm (PSQDON) was used to initially tighten the abut-
ment screws.

Torque

The abutment screws were torqued to 32 Ncm with the
Contra Angle Torque Driver (CATDB) and 32 Ncm torque
controller (CATC3) (Figure 6.48). This was accomplished
without pain or tenderness and generally represents a pos-
itive sign as to osseointegration of the implants.

Figure 6.50. The margins of the retainers were rimmed with dental
cement. Care should be taken to minimize the amount and placement of
the cement so as to minimize changes in the fit between the retainers
and the abutments.

Fixed Partial Denture Cementation

The fixed partial denture was tried in again for interproxi-
mal and occlusal contacts; pontic/tissue adaptation, and
overall aesthetics (Figure 6.49). The FPD was polished, air
abraded with 50 pm aluminum oxide, and steam cleaned.
The FPD was cemented with reinforced glass ionomer lut-
ing cement (GC Fuji Plus, GC America Inc., Alsip, ) (Fig-
ure 6.50). The cement was placed in and around the apical
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Figure 6.51. Periapical radiograph that was taken at the one-year post
insertion recall appointment demonstrated bone levels consistent with
the initial pre-operative radiograph.

2 mm of the retainers and seated into place. The cement
was allowed to set for 2.5 minutes and the excess was
removed.

Appointment 6. Follow-Up
Appointments (1/2 Hour)

Two Weeks/Six Months

The patient was scheduled for two-week and six-month fol-
low-up appointments. The patient reported no adverse
effects and was quite pleased with the aesthetic, func-
tional, and phonetic results.

One-Year Recall Clinical and
Radiographic Evaluations

One year following abutment and prosthesis insertion, the
patient returned for clinical and radiographic examina-

TABLE 6.8. Lab Fees, Component Costs, Overhead, Fees, and Profits

Fixed

Laboratory
Chair Time Overhead Expenses
Casts $60
Impression Articulation $50
3 unit FPD $900
1 hour $350/hr = $350 Sub Total $1,010
Implant Components
Healing abutments $120
Impression Copings $90
Analogs $42
Encode Abutments $500
Lab screws $ 25
Abutment Screws $110
Encode Cast $50
Sub Total $937
Bisque Bake Try-In
1 hour $350/hr 5 $350
Abutment and FPD Insertion
1 hour $350/hr 5 $350
TOTALS $1,050 $1,947
Professional Fee $5,000
Costs (fixed overhead and laboratory expenses) $2,997
Profit (fees less costs) $2,003
Profit per hour ($2,003/3 hr) $ 667

Healing abutments, impression copings, and lab screws may be used multiple times, therefore costs will be
decreased for each succeeding case and profits will be increased. Analogs should not be re-used.
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tions. He again reported that there were no problems and
was quite pleased with the results of treatment. Clinically,
the prosthesis was evaluated for marginal discrepancies
between retainers and their respective abutments, soft tis-
sue marginal adaptation, and occlusal relationships in cen-
tric and eccentric excursions.

A periapical radiograph was taken to assess the relation-
ship between the interproximal heights of bone and the
implant/abutment interfaces (Figure 6.51). There was no
additional bone loss when the initial radiographs were
compared to the one-year recall radiographs.

Costs/Fees/Profitability

The following discussion (Table 6.8) relative to fees is
reflective of 2006 in the Midwestern United States. The
costs of the implant components are retail prices from
Implant Innovations, Inc., Palm Beach Gardens, Florida.

Surgeon: Ken Kempf, DDS, lowa City, lowa

Dental Laboratory Technicians: Tom Peterson, MDT, CDT,
Northshore Dental Laboratories, Lynn, Massachusetts;
Andrew Gingrasso, Gundersen Lutheran Medical Center,
LaCrosse, Wisconsin
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Chapter 7: Treatment of an Edentulous Mandible with a
CAD/CAM Titanium Framework/Fixed Hybrid

Prosthesis

Multiple prosthetic options exist for rehabilitation of edentu-
lous mandibles: conventional complete dentures; implant-
retained/supported overdentures; and fixed implant-
retained full arch prostheses. These treatments all have
benefits and limitations associated with them: cost, com-
plexity, length of treatment, prognosis, function, and aes-
thetics (Morin and others 1998; Allen and others 1999;
Adell and others 1981; Wright and others 2002).

Patients treated with complete dentures often express dis-
satisfaction with function, aesthetics, and phonetics (Carls-
son and others 1967; Awaad and Feine 1998). In these
situations, dental implants may provide significant im-
provements in terms of increased retention, stability, com-
fort, and decreased bone resorption (Melas and others
2001; Awad and others 2003; Lindquist and others 1988).

Prosthetic/implant treatment options should be carefully
evaluated early in the planning process because the
options will have different requirements relative to anatomi-
cal constraints, surgical morbidity, patient expectations,
patient function, and costs (Zitzmann and Marinello 2002;
DeBoer 1993; Feine and others 1998). The fixed mandibu-

lar implant-retained prosthesis supported by commercially
pure titanium implants represents one of the earliest, most
predictable treatments on a long-term basis, for edentu-
lous patients (Adell and others 1981). This implant treat-
ment protocol took advantage of large amounts of residual
bone in edentulous mandibles (anterior, between the men-
tal foraminae) and avoided areas that exhibited more
resorption (posterior) (Figures 7.1 and 7.2). Some of the
posterior teeth were replaced on cantilevered segments.

Numerous studies have demonstrated excellent long-term
results for edentulous patients treated with dental implants
per the Branemark protocol (Albrektsson and others 1986;
Lindquist and others 1996). Age does not seem to be an
absolute contra indication for dental implants. In a retro-
spective study, Engfors and others (2004) studied 133
edentulous patients who were 80 or more years of age and
who were consecutively treated with fixed implant-retained
prostheses. Seven hundred and sixty-one Branemark type
implants were placed in 139 edentulous jaws. The five-year
Cumulative Survival Rate (CSR) for the above group for
both jaws was 93%. A control group of patients younger
than 80 years of age was 92.6%. The corresponding CSRs

Figure 7.1. Radiograph of an edentulous mandible with five implants between the mental foraminae. Some of the

posterior teeth have been replaced on the cantilevered segments of the prosthesis.
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Figure 7.2. Close-up view of the right posterior segment in Figure 7.1.
Note that the amount of bone resorption in the posterior mandibular
segment and the proximity of the inferior alveolar canal to the crest of
the alveolar ridge precluded placement of implants posterior to the
mental foramen.

for the mandibular implants were 99.5% and 99.7%,
respectively. The most common complications in the pre-
ceding 80-year-old group were soft tissue inflammation
(mucositis) and cheek/lip biting. Veneer fractures of the
denture teeth from the prostheses were the most common
complaint of the younger-than-80 group. Engfors and oth-
ers concluded that results of implant treatment in patients
over 80 years of age were not significantly different from
those of younger patients. However, there were more post-
insertion complications and adjustment visits in the 80+-
year-old group of patients.

With the development of osseointegration and the limited
amount of motion inherent between an osseointegrated
implant and the surrounding bone, accurate, passively fit-
ting implant frameworks have been one of the goals in
implant treatment (Branemark and others 1977). An osseo-
sintegrated implant has micro motion within the bone of
approximately 10 wm; a natural tooth may move up to 100
pm (Assif and others 1996). This lack of flexibility between
the bone/implant interface means that any forces induced
into the system via an ill-fitting framework will almost cer-
tainly remain in the system and may result in biomechanical
issues such as screw loosening and/or screw fracture.

Multiple authors have examined impressions and master
cast accuracy in implant treatment (Carr 1991; Hsu and
others 1993; Herbst and others 2000). Kari and others
(2004) performed a laboratory study to determine the
degree of passive fit in cement and screw-retained frame-
works. They concluded that an absolute passive fit of
implant superstructures is not possible using conventional
clinical and laboratory procedures. They proposed that ref-
erence strain values from implant-retained prostheses that
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have functioned without apparent complications could
help define a “biologically acceptable fit.”

Titanium frameworks have been used as alternatives to
gold castings for implant frameworks for more than 15
years. (Ortorp and Jemt 2004). Titanium is less expensive
than noble alloys, is well tolerated in biologic environments,
and has been shown to develop mucosal attachments,
whereas gold alloys do not (Abrahamsson and others
1998). Computer numeric controlled (CNC) milling proce-
dures with titanium alloys may allow better control of distor-
tions inherent within the waxing/casting/finishing processes
associated with conventional casting technology. Ortorp
and Jemt (2004) reported on the results of a prospective
clinical study with 129 edentulous patients who were
treated with 67 CNC frameworks and 62 frameworks made
with gold alloys and conventional casting techniques. Clini-
cal and radiographic data were obtained over a five-year
period.

They reported that problems were low in both groups (34%
of the CNC group and 26% of the control group reported
no problems during the study). The CSRs were 94.9% and
98.3% for implants and titanium prostheses, respectively.
The respective corresponding CSRs for the control group
were 97.9% and 98.2%. Metal fractures were seen only in
the control group (casting). Mean marginal bone loss was
0.5 mm in both groups. They concluded that CNC titanium
frameworks were a viable alternative to gold alloy castings
in edentulous jaws. However, the degree of fit between
implant abutments and frameworks was not quantitatively
measured.

The following clinical case report demonstrates the treat-
ment of an edentulous patient with implants and fixed
implant-retained prostheses in both jaws. The edentulous
maxillae were treated with CAD/CAM abutments and
cement-retained fixed partial dentures. The edentulous
mandible was treated with implants and a screw-retained
fixed prosthesis. The mandibular framework was made
using CAD/CAM technology (CAM StructSURE®™ Precision
Milled Bar, Implant Innovations, Inc.®, Palm Beach Gar-
dens, FL). The maxillary abutments/prostheses are not
illustrated.

CLINICAL CASE PRESENTATION
Appointment 1. Initial examination (3/4 Hour)

A 43-year-old female patient presented to the author with a
chief complaint: “My dentures don't fit and | want
implants.”

History of the Present lliness

This patient had had her teeth extracted approximately 12
months prior to this visit. They were replaced with immedi-



Figure 7.3. Panoramic radiograph 12 months post extraction of the nat-
ural teeth.

ate dentures. The dentures were relined with tissue-
conditioning material at appropriate time intervals and
were processed with laboratory relines six months after the
natural teeth were extracted. The patient reported that she
liked the appearance of the dentures relative to lip support,
incisal displays at rest, speaking and smiling, and phoneti-
cally. She felt that she could not eat with the dentures in
place. She was not happy with her masticatory function.

Radiographic Examination

The initial panoramic radiograph demonstrated adequate
bone volume for implant placement in the anterior seg-
ments of the jaws. There was inadequate bone volume in
the posterior maxillae. There was no pathology present
(Figure 7.3).

Physical Examination

The physical examination revealed moderate vertical and
facial/lingual bone resorption, mild generalized mucositis,
and adequate restorative volume for prosthetic replace-
ment of the teeth (Figure 7.4). Neither jaw demonstrated
significant anterior/posterior resorption (Figure 7.5).
Diagnosis

The following diagnoses were established at the end of the
first visit:

1. Edentulous maxillae with mild resorption anteriorly,
moderate/significant resorption posteriorly

2. Edentulous mandible with mild resorption

3. Well-fitting dentures with appropriate vertical dimension
of occlusion, aesthetics, and lip support

4. Mild mucositis secondary to tobacco abuse

5. Mild xerostomia

Figure 7.4. Intra-oral view of edentulous jaws.

Figure 7.5. Laboratory articulator mounting of the master casts that
demonstrated minimal anterior/posterior resorption of both edentulous
jaws.

6. Inability to manage complete dentures

7. Class Il (Moderately Compromised) Classification Sys-
tem for Edentulous Patients, American College of
Prosthodontists (McGarry and others 2002)

Appointment 2. Consultation Restorative
Dentist/Patient (1/2 Hour)

A definitive consultation appointment was scheduled as
the patient left the office from the first visit. The time
between the first and second appointments allowed for
development of the treatment options for this particular
patient.

Treatment Options

The first treatment option included an oral surgical consul-
tation in order to assess the viability of multiple implant
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placements in both jaws that would support fixed implant-
retained prostheses (Table 7.1). It was assumed that if
bone grafting was needed, it could be accomplished to
support the requisite number of implants in both jaws. New
dentures were not required because the preexisting den-
tures were clinically acceptable in terms of stability, lip sup-
port, centric jaw relationships, aesthetics, and phonetics.

A second treatment plan was developed that incorporated
implants in the anterior mandible for an implant-retained
overdenture. The edentulous maxillae would be treated
with a complete denture, with the potential for implants in
the future (Table 7.2). It was assumed that if bone grafting
was needed, it could be accomplished to support the reg-
uisite number of implants in both jaws. New dentures were

TABLE 7.1. Treatment Plan #1. (Maxillary/Mandibular Bone Grafting/Fixed Implant Prostheses)

Diagnosis:

1.

2. Edentulous mandible with mild resorption

3.

4. Mild mucositis secondary to tobacco abuse

5. Mild xerostomia

6. Inability to manage complete dentures
Prosthetic Services ADA #
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Surgical guides D6190

Referral to oral surgical office:

Edentulous maxillae with mild resorption anteriorly, moderate/significant resorption posteriorly

Well-fitting dentures with appropriate vertical dimension of occlusion, aesthetics and lip support

Fee

1. Evaluate and treat for placement of 6-8 OSSEOTITE® implants (4.1 mm diameter) in the maxillae for fixed
implant-retained prosthesis. Implants should be placed directly behind the teeth in the surgical guide. Embra-
sure placement will compromise the prosthetic results.

2. Evaluate and treat for placement of 4-6 implants in the edentulous mandible for fixed implant-retained pros-
thesis. Implants may be placed according to the edentulous protocol, embrasure placement would be per-

missible.

3. Bone grafting as needed to obtain the above results.

4. Single-stage surgical protocaol, if possible.

5. Healing abutments should have the following profiles:

a. Mandible: 4.1 mm restorative platforms, 5 mm emergence profiles.
b. Maxillae: 5 mm restorative platforms, 6 mm emergence profiles for the first molars, cuspids, and central
incisors; 4.1 mm restorative platforms, 5 mm emergence profiles for premolars and lateral incisors.

Occlusal surfaces should be 1 mm supra-gingival.

6. Post-operative instructions.

7. Schedule a denture tissue-conditioning appointment 10 days post implant surgery.

8. Discharge to prosthodontist for prosthetic care.

Fees and services will be determined by the oral surgeon.

ADA #
Healing/osseointegration
Tissue conditioning of preexisting
dentures, per time D5851
D5850
Prosthodontic re-evaluation D0140
Diagnostic casts D0470
Maxillary Prosthesis
Custom abutments (7) D6057

Fixed Partial Dentures
Maxillary right
Maxillary anterior
Maxillary left

D6059, D6240

Fees
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TABLE 7.1. Treatment Plan #1. (Maxillary/Mandibular Bone Grafting/Fixed Implant Prostheses) (continued)

Mandibular Screw-Retained Hybrid Prosthesis

(CAD/CAM framework) D6078
Yearly recall appointment D0120
Periapical radiographs D0220

Benefits of Treatment Plan #1

With osseointegration of all of the implants, both prostheses will be fixed and not removable by the patient. The
patient should enjoy improved function. The occlusion (bite) will be made optimal; facial aesthetics should be main-
tained, consistent with the patient’s desires. The patient should enjoy a good, long-term prognosis. Long-term bone
loss will be minimized in both jaws.

Limitations of Treatment Plan #1

Cost, complexity, and length of treatment (9-15 months, depending on bone grafting). Implants are generally suc-
cessful in the edentulous jaws approximately 96-99% of the time. The implants have to be placed optimally for the
above treatments to be accomplished. If the implants cannot be placed optimally, changes in the treatments (sur-
gical and prosthetic), fees, and designs will be likely. Neither prosthesis will be removable by the patient. In certain
situations, one or both prostheses may need to be removed at any of the follow-up visits. The patient needs to return
to this office at least once per year for follow-up, which will include radiographs (x-rays) to assess osseointegration
of the implants, fit and occlusion of the prostheses, health of the soft tissues, and the integrity of the implant/abut-

ment connections. This treatment plan itemizes only the prosthetic phase of treatment.

Patient signature

Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,

211 East Chicago Avenue, Chicago, IL 60611

not required because the preexisting dentures were clini-
cally acceptable in terms of stability, lip support, centric
jaw relationships, aesthetics, and phonetics.

A third treatment option was presented that did not include
any definitive prosthetic treatment (Table 7.3).

Appointment 3. Consultation Restorative
Dentist/Surgeon (1 Hour)

Prosthesis Design

This appointment generally takes place before or after nor-
mal business hours and should precede the surgeon’s
examination appointment. It may occur at lunch, at either
practitioner’s office, or at another convenient location. This
consultation is critical for the long-term functional and aes-
thetic success of implant treatment. It is essential that the
restorative dentist explain to the surgeon the physical and
radiographic findings, the diagnosis, and the treatment
options that were explained to the patient, as well as the
treatment option that the patient has tentatively selected.

This particular treatment option was technically demand-
ing and the consultation between restorative dentist and
the surgeon required approximately one hour.

Type/Number/Size of Implants

In this case, the patient was edentulous in both jaws and
had not adapted to either denture. Because this case
would involve multiple, splinted implants, the author felt
comfortable with using external hex implants in both jaws.
Unfortunately, there was some miscommunication and the
surgeon placed 4.1 mm diameter implants in all maxillary
and mandibular implant sites, instead of placing 5 mm
diameter implants in the maxillary central incisor, cuspid,
and first molar sites. The surgeon determined the shape of
the implant body and preselected tapered implants.

Abutment/Prosthesis Design

This case presentation concentrates on the mandibular
prosthesis (CAD/CAM). The maxillary restorations are men-
tioned only briefly.
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TABLE 7.2. Treatment Plan #2. (Two Implants Anterior Mandible, Mandibular Implant-Retained Overdenture, Maxil-
lary Complete Denture)

Diagnosis:
1. Edentulous maxillae with mild resorption anteriorly, moderate/significant resorption posteriorly
2. Edentulous mandible with mild resorption
3. Well fitting dentures with appropriate vertical dimension of occlusion, aesthetics and lip support
4. Mild mucositis secondary to tobacco abuse
5. Mild xerostomia
6. Inability to manage complete dentures

Prosthetic Services ADA # Fee

Comprehensive oral evaluation D0150

Diagnostic casts D0470

Panoramic radiograph D0330

Surgical guide D6190

Referral to oral surgical office:

1. Evaluate and treat for placement of two OSSEOTITE® implants in the edentulous mandible for an implant-
retained overdenture (resilient attachments). Implants should be placed per the locations identified in the sur-
gical guide.

2. Bone grafting as needed to obtain the above results.

3. Single-stage surgical protocol, if possible

4. Healing abutments should have the following profiles:

a. Mandible: 4.1 mm restorative platforms, 5 mm emergence profiles
5. Post-operative instructions.
6. Schedule a denture tissue-conditioning appointment 10 days post implant surgery.

Discharge to prosthodontist for prosthetic care.

Fees and services will be determined by the oral surgeon.

ADA # Fees

Healing/osseointegration
Tissue conditioning of preexisting

mandibular denture, per time D5851
Prosthodontic reevaluation D0140
Placement of LOCATOR® Abutments D6199
Laboratory processed reline of

preexisting mandibular denture D5751
Yearly recall appointment D0120
Periapical radiographs D0220

Benefits of Treatment Plan #2

With osseointegration of the implants, the lower denture should have significantly more retention and stability, which
should improve the patient’s function. The denture occlusion (bite) will be improved; facial aesthetics should be
maintained to be consistent with the patient’s desires. The patient should enjoy a good, long-term prognosis. Bone
loss will be minimized in the front part of the lower jaw.

Limitations of Treatment Plan #2

Cost, complexity and length of treatment (3—-6 months). Implants are generally successful in the front part of the
lower jaw approximately 96-99% of the time. The implants have to be placed optimally for the above treatments to
be accomplished. If the implants cannot be placed optimally, changes in the treatments (surgical and prosthetic),
fees, and designs will be likely. Both dentures will move, the upper denture more so than the lower denture. Bone
loss will continue in the upper jaw without implants. If the denture/implant experience is unsatisfactory, additional
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TABLE 7.2. Treatment Plan #2. (Two Implants Anterior Mandible, Mandibular Implant-Retained Overdenture, Maxil-
lary Complete Denture) (continued)

implants may be placed in one or both jaws, at additional cost. The patient will be asked to take the dentures out
during nighttime sleep. The patient needs to return to this office at least once per year for follow-up, which will
include radiographs (x-rays) to assess osseointegration of the implants, fit and occlusion of the dentures, health of
the soft tissues, and the integrity of the implant/abutment connections. This treatment plan itemizes only the pros-
thetic phase of treatment.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Associa-
tion, 211 East Chicago Avenue, Chicago, IL 60611

TABLE 7.3. Treatment Plan #3. No Definitive Prosthetic Treatment

Diagnosis:

1. Edentulous maxillae with mild resorption anteriorly, moderate/significant resorption posteriorly
2. Edentulous mandible with mild resorption

3. Well-fitting dentures with appropriate vertical dimension of occlusion, aesthetics, and lip support
4. Mild mucositis secondary to tobacco abuse

5. Mild xerostomia

6. Inability to manage complete dentures

Prosthetic Services ADA # Fee

Comprehensive oral evaluation D0150

Diagnostic casts D0470

Panoramic radiograph DO0330

Yearly recall D0120

Panoramic radiograph D0220

Benefits of Treatment Plan #3
The patient will undergo no additional treatments and no further expenses except what is noted above on a yearly
basis.

Limitations of Treatment Plan #3

Both dentures will continue to move. The patient likely will continue to experience recurring soreness. Her ability to
chew certain types of food will be limited. She will be asked to take both dentures out during nighttime sleep. Bone
loss will continue in both jaws without implants. If the denture experience continues to deteriorate, implants may be
considered in one or both jaws for improved retention and stability of the dentures. The patient needs to return to
this office at least once per year for follow-up, which will include radiographs (x-rays), fit and occlusion of the den-
tures, and the health of the soft tissues. This treatment plan itemizes only the prosthetic phase of treatment.

Patient signature
Date

Witness

Date

ADA #s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611
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Figure 7.6. Clinical facial/occlusal view of mandibular implant restora-
tive platforms.

Because there was minimal anterior/posterior resorption,
the edentulous maxillae were to be treated with CAD/CAM
abutments and three fixed partial dentures. The tooth posi-
tions would be determined by the tooth positions within the
preexisting maxillary denture. The fixed partial dentures
would be independent from one another and cement-
retained. Six to eight maxillary implants would be required
for this type of prosthetic treatment.

The edentulous mandible would be treated with 5-8
implants for use with a screw-retained prosthesis. The
metal framework was to be fabricated with CAD/CAM tech-
nology. The framework was to be fabricated directly onto
the implant restorative platforms. Abutments, cylinders,
and retaining screws would not be used (Figure 7.6).

Implant/Abutment Connection

The original design called for the 3i® internal connection
implant system (OSSEOTITE® Certain®) to be used for the
maxillary restorations and the OSSEOTITE® implant system
to be used for the mandibular prosthesis (Figure 7.7).

Surgical Protocol

The author requested that a single-stage protocol be used
if possible because patients more easily tolerate it than the
traditional two-stage protocols. Healing abutments would
be placed in a manner consistent with the teeth being
replaced in the maxillae; 5 mm healing abutments were to
be used in the mandible. The occlusal surfaces of the heal-
ing abutments were to be slightly supra-gingival after the
soft tissues had healed.

Surgical Guides

Surgical guides were fabricated by duplicating the preex-
isting maxillary and mandibular dentures (Figure 7.8).
Holes in anticipation of optimal implant placement were
placed bilaterally in the first molar, first premolar, and lat-
eral incisor areas. This would provide for the largest ante-
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Figure 7.7. Cross sections of the OSSEOTITE® Certain® internal con-
nection (top) and OSSEOTITE® external hex implant connections
(bottom, 4.1 mm restorative platform left; 5 mm restorative platform
right).

Figure 7.8. Mandibular surgical guide was made as a duplicate of the
preexisting denture.

rior/posterior spread and would also minimize cantilevered
extensions (McAlarney and Stavropoulos 1996).

Anticipated Healing Time

The implant surgeon anticipated Type | and Type Il bone in
the mandibular implant sites. He also anticipated using a
single-stage surgical protocol. Therefore, the prosthetic
protocol could commence approximately 10 weeks post
implant placement (Testori and others 2002).



Figure 7.9. The pre-operative vertical dimension of occlusion was
identified by placing marks on the patient’s nose and chin. This
distance was transferred to a tongue blade.

Appointment 4. Implant Placement
(2 1/2 Hours)

The vertical dimension of occlusion was marked pre-oper-
atively, with the patient seated upright, by placing a dot on
her nose and another dot on her chin. Her head was
unsupported and the marks were transferred to a tongue
blade (Figure 7.9). This measurement would be used intra-
operatively to provide the surgeon with a reference point
relative to the amount of bone reduction (if needed)
required that would not interfere with the requisite restora-
tive volume needed for the implant restorative components
and prosthesis.

This patient was treated with IV sedation and local anes-
thesia. A full thickness mucoperiosteal flap was reflected
from the right second molar to the left second molar. The
surgical guide was adjusted as needed to fit onto the
edentulous mandible without increasing the vertical dimen-
sion of occlusion (Figure 7.10).

Eight straight wall implants were placed (OSSEOTITE®,
3i®, Palm Beach Gardens, FL). All of the implants had
insertional torque values of at least 30 Ncm. The implants
were considered to have achieved adequate primary sta-
bility and the single stage protocol was implemented.
Healing abutments for 4.1 mm implant restorative plat-
forms, 5 mm emergence profiles, and 2 or 4 mm collar
heights were placed according to the heights of the peri-
implant soft tissues (THA452, THA454) (Figure 7.11).
These were hand tightened with a large hex driver
(PHDO2N).

Figure 7.10. Mandibular surgical guide in place, in centric occlusion
against the maxillary denture, after reflection of the soft tissues, prior to
osteotomy preparation.

Figure 7.11. Panoramic radiograph immediately post implant place-
ment. Healing abutments were placed at the time of surgery.

The patient was discharged by the surgical office with
instructions not to wear the preexisting mandibular denture
until the first restorative follow-up appointment in 10 days.
She was instructed to maintain a soft diet and perform
twice daily rinsing with 0.12% chlorhexidine.

Appointments 5-7. Prosthetic Follow-Up
Appointments (3/4 Hour)

Ten Days

The patient reported to the author’s office at the appointed
time. She reported minimal discomfort and swelling imme-
diately post operatively. She did require narcotic anal-
gesics for the first two days and then was quite comfort-
able with nonsteroidal anti-inflammatory medications.

The surgical incision was healing nicely (Figure 7.12).

Tissue Conditioning

The preexisting mandibular denture was thoroughly re-
lieved and polished. It was relined with tissue conditioning
material (Visgo-gel, Dentsply Inc., York, PA) with the patient
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Figure 7.12. Occlusal view of the edentulous mandible with healing
abutments in place 10 days post implant placement.

Figure 7.13. Anterior view of patient in centric occlusion as the tissue
conditioning material set intra-orally for five minutes.

in centric occlusion for five minutes (Figure 7.13). It was
removed from the mouth and processed in a pressure pot
for five minutes (120°, 10 psi). The excess was trimmed
and the denture was re-inserted (Figure 7.14).

The patient was instructed to continue with the soft diet, the
chlorhexidine rinses, and oral hygiene in and around the
healing abutments with a soft toothbrush and/or cotton
swabs (Figure 7.15).

The patient’s next scheduled visit was made for four weeks.

Four Weeks (1/2 Hour)

The patient continued to do well. She reported no particu-
lar problems relative to discomfort, oral hygiene, diet, and
denture function. The healing abutments were highly pol-
ished and stable (Figure 7.16). The tissue-conditioning
material was satisfactory. Dietary and oral hygiene instruc-
tions were reinforced and the patient was discharged to
return again in four weeks.
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Figure 7.14. Intaglio surface of the mandibular denture after laboratory
processing (five minutes, 120° water, 10 psi) of the tissue conditioning
material.

Figure 7.15. Post operative hygiene instructions include discussion
and demonstrations of dipping a cotton swab into the chlorhexidine
mouth rinse and applying slight pressure in and around the healing
abutments to remove plague and place the medication topically in and
around the surgical sites. This photograph was taken 10 days after the
implants were uncovered.

Figure 7.16. Occlusal view of mandibular healing abutments four
weeks post implant placement.



Eight Weeks—Tissue Conditioning (¥4 Hour)

The patient continued to do well and was anxious to pro-
ceed with the prosthetic portion of the treatment plan. She
reported no particular problems relative to discomfort, oral
hygiene, diet, and denture function. The healing abutments
were highly polished and stable. The tissue-conditioning
material was no longer satisfactory and was replaced in
conventional fashion. The patient was discharged and
scheduled to return in two weeks for reevaluation, prelimi-
nary impressions, diagnostic casts, and construction of a
custom impression tray.

Appointment 8. Reevaluation (1/2 Hour)

The patient continued to do well and had no complaints.

Diagnostic Impressions and Diagnostic Casts

Alginate impressions were made of both edentulous jaws,
as well as the preexisting immediate dentures in stock
impression trays. The casts were poured in dental stone
(Figure 7.17).

Tentative Abutment Selection

The casts identified the locations of the healing abutments,
implants, and the locations of the gingival margins.
Because all of the healing abutments were 4 mm in height
and the occlusal and axial walls of the healing abutments
were visible, the decision was made that the framework
could be made directly to the implant restorative platforms.
With peri-implant sulcular depths greater than 4 mm,
implant level impressions are generally more difficult to
make. The restorative implant coordinator was instructed
to locate eight pick-up implant impression copings for 4.1
mm implant restorative platforms with 5 mm emergence
profile diameters prior to the impression appointment
(IC12) (Figure 7.18).

Custom Impression Tray

The author prefers the pick-up type implant level impres-
sion protocol. This protocol requires the use of open
impression trays. One layer of baseplate wax was placed
over the healing abutments on the diagnostic cast and a
light cured resin was used to fabricate the tray. (Triad®,
Dentsply International, York, PA) A handle was placed on
the anterior segment in such a way that it supported the
lower lip. After the material had polymerized, the tray was
adjusted to provide adequate coverage of the hard and
soft tissues lateral to the implants. Windows were placed in
the occlusal aspect of the impression tray that would allow
access to the pick-up implant impression copings (Figure
7.19).

Figure 7.17. Mandibular diagnostic cast made from an alginate impres-
sion approximately 10 weeks post implant placement.

Figure 7.18. Pick-up implant impression coping for 4.1 mm external
hex implant restorative platform, with 5 mm emergence profile diameter.

Figure 7.19. Occlusal view of custom open impression tray. The win-
dows were designed to allow access to the pick-up implant impression
copings.
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Figure 7.20. Implant restorative platforms after the healing abutments
were removed. All of the restorative platforms were completely exposed.

Figure 7.21. Pick-up implant impression copings in place on the
mandibular implants.

Appointment 9. Implant Level Impression
(One Hour)

The patient again reported no difficulties and was ready to
proceed.

Clinical Procedures

The healing abutments were removed with the large hex
posterior hex driver (PHDO02). The soft tissues had healed
consistent with the shape of the healing abutments (Fig-
ure 7.20).

The implant impression copings were placed onto the
external hexes of the implants. The impression coping
screws were hand tightened with the large hex posterior
hex driver (PHDO2) (Figure 7.21).

The custom impression tray was adjusted to fit without inter-
ference from any of the impression copings (Figure 7.22).

Adhesive, specific to the vinyl polysiloxane impression
material (Splash!, Discus Dental, Culver City, CA) was
applied to the intaglio surface of the impression tray and
allowed to dry.
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Figure 7.22. The custom impression tray was adjusted to fit around the
impression copings.

Figure 7.23. Intra-oral occlusal view of the mandibular impression tray
in place. Note that the impression coping screws were visible within the
windows of the impression tray.

One dental assistant mixed the putty portion of the impres-
sion material and loaded it into the impression tray. A sec-
ond dental assistant retracted and suctioned intra-orally
while the author injected the injection type vinyl polysilox-
ane impression material around the impression copings.
The impression tray was then seated, excess impression
material was removed from the windows in the tray, and all
of the impression coping screws were exposed (Figure
7.23).



Figure 7.24. The Contra Angle Torque Driver (CATDB) with a large hex
driver tip, long (RASH8N) was used to unscrew the impression coping
SCrews.

Figure 7.25. A hemostat was used to ensure that the impression cop-
ing screws were completely free of the implants before removing the
impression tray.

The impression material was allowed to completely set and
the impression coping screws were unscrewed with the
Contra Angle Torque Driver (CATDB) and large hex driver
tip, long (RASH8N) (Figure 7.24). A hemostat was used to
ensure that the impression coping screws were completely
free of the implants prior to removing the impression tray
from the mouth (Figure 7.25).

The intaglio surface of the impression tray was evaluated
for accuracy and that all of the impression copings were
completely surrounded by impression material (Figure
7.26).

Figure 7.26. The intaglio surface of the mandibular implant impression.
Al of the impression copings were “picked up” within the impression.

Figure 7.27. Implant lab analogs for 4.1 mm external hex implant
restorative platforms in place within mandibular impression. It is critical
to visualize metal-to-metal contact between implant analogs and
implant impression copings.

The healing abutments were placed back onto the
implants and the patient was discharged to return in one
week for fabrication of the verification index.

Laboratory Procedures/Laboratory Work Orders

Implant Analogs

Implant analogs are exact replicas of implant restorative
platforms. In this case, eight implant analogs (ILA20) were
required to fabricate the initial master cast (Figure 7.27).
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TABLE 7.4. Laboratory Work Order for Fabrication of
Mandibular Master Cast

Enclosed:

1. Mandibular final impression with eight implant
impression copings, 4.1 mm external hex implants,
5 mm emergence profiles.

2. Place individual implant analogs (3/®, ILA20) onto
each impression coping.

3. Visualize metal-to-metal contact between all ana-
logs and implant impression copings.

4. Inject resilient soft material of your choice around
each implant/abutment connection.

5. Mix die stone per the manufacturer’s instructions
relative to powder weight and liquid volume.

6. Pour master cast.

Figure 7.28. Resilient impression material was injected around the
implant impression coping/implant analog connections.

Figure 7.29. Mandibular master cast with resilient soft tissue that repli-
cated the peri-implant soft tissue margins around each implant.

Master Cast Work Order

The work order for fabrication of the master cast is located
in Table 7.4 (Figures 7.28 and 7.29).
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Figure 7.30. The impression copings were removed from the impres-
sion and placed back onto the implant analogs of the master cast.
Autopolymerizing acrylic resin was mixed and placed around the
impression copings and allowed to set overnight.

Figure 7.31. The verification index was sectioned in preparation for the
clinical appointment.

Verification Index

The original protocol for mandibular screw retained implant
prostheses included Iuting the impression copings
together with an autopolymerizing acrylic resin at the time
of the final impression (Zarb and Jansson 1985). Although
this procedure has proven to be effective, it requires a sig-
nificant amount of clinical time. The author prefers to fabri-
cate a verification index on the initial master cast as
described previously (Relate Acrylic Resin, Parkell Bio-
Materials Division, Farmingdale, NY). This index was al-
lowed to polymerize overnight and then was sectioned in
the laboratory (Figures 7.30 and 7.31). These segments
were to be placed onto the implants intra-orally to fabricate
the verification index.



TABLE 7.5. Laboratory Work Order for Fabrication of a
Verification Index

1. After the master cast has been made, remove the
impression copings from the impression.

2. Place the impression copings back onto the
implant lab analogs in the master cast. Make sure
that you visualize metal-to-metal contact between
all of the impression copings and the implant
analogs.

3. Mix Relate Acrylic Resin and place the resin around
each of the impression copings, making sure to
engage the undercuts of the impression copings.

4. Allow the resin to polymerize overnight.

5. Section the verification index into individual seg-
ments with a fine separating disc.

6. Return the master cast and verification index for
try-in.

Figure 7.32. Intra-orally, the individual segments were placed onto
their respective implants. There should be space visible between the
segments.

Work Order

The work order for fabrication of the verification index has
been described in Table 7.5.

Appointment 10. Verification Index/Definitive
Impression (3/4 Hour)

The patient returned for the above procedures. She again
reported no problems or concerns with the prosthetic
phase of treatment.

Clinical Procedures

The healing abutments were removed from the mandibular
implants. The individual segments were placed onto their
respective implants (Figure 7.32).

Figure 7.33. In this photo, additional acrylic resin was placed into the
spaces between the segments for a maxillary prosthesis using a paint-
brush.

Figure 7.34. The resin was allowed to polymerize for 15 minutes.

The segments were luted together with the same acrylic
resin. These additions were allowed to polymerize for 15
minutes (Figures 7.33 and 7.34).

The CAD/CAM protocol for CAM StructSURE™ Precision
Milled Frameworks requires that the soft tissues on the
master cast be replicated in a resilient material that can be
removed and replaced back onto the master cast. The
author prefers to make a new impression and fabricate a
definitive master cast according to the above technique.

Laboratory Procedures/Laboratory Work Orders

Master Cast (Definitive)

A new master cast was fabricated using the same protocol
as described previously. The laboratory work orders for
fabrication of the definitive master cast are exactly the
same as for development of the first master cast (Table 7.4).
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Figure 7.35. Healing abutments that were identical to those in the
mouth were placed onto the implant analogs on the master cast.

Figure 7.36. The mandibular record base in place on the master cast.

Maxillary Occlusion Rim/Mandibular Record Base

The next clinical appointment would include initial jaw rela-
tion records and tooth selection procedures. The author
prefers to make the jaw relation records on the master cast
with duplicate healing abutments in place. In this case, this
was similar to an 8-unit mandibular overdenture. This was
accomplished by noting the size of the clinical healing
abutments in order to place similar healing abutments onto
the master cast prior to fabrication of the mandibular
record base (Figure 7.35).

The mandibular record base was made from a light cured
resin material directly on the master cast and healing abut-
ments (Figure 7.36). Record bases constructed in this
fashion are extremely stable secondary to the presence of
the healing abutments. This generally results in accurate
jaw relation records and minimizes the need for remount
procedures.

The laboratory work orders for fabrication of the mandibu-
lar record base are located in Table 7.6.
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TABLE 7.6. Laboratory Work Order for Fabrication of
Mandibular Record Base

1. On the enclosed master cast, place the following
healing abutments:
a. THA54

2. Make sure that the healing abutments are com-
pletely seated.

3. Fabricate the mandibular record base directly on
top of the healing abutments and master cast per
conventional removable prosthodontic principles
for extension and retro molar pad coverage.

4. Polish the peripheral borders.

5. Return for the jaw relation records appointment

Figure 7.37. Initial jaw relation record with maxillary occlusion rim and
mandibular record base, in centric relation at the predetermined vertical
dimension of occlusion.

Appointment 11. Jaw Relation Records,
Tooth Selection (1/2 Hour)

The patient was happy with the vertical dimension of occlu-
sion, lip support, tooth arrangement, and incisal display of
the existing dentures. Because the record bases were
made on duplicate healing abutments on the master cast,
clinically there was no reason to remove them.

Clinical Procedures

The patient was pleased with the overall aesthetic results
of the preexisting dentures. This vertical dimension of
occlusion and centric jaw relation record were duplicated
using conventional removable prosthodontic techniques
and materials (Pound 1970) (Figure 7.37).

Laboratory Procedures

Articulator Mounting

The casts were mounted on a semi-adjustable articulator
(Table 7.7 and Figure 7.38).



TABLE 7.7. Laboratory Work Order for the Articulator
Mounting of the Edentulous Casts and Initial Denture
Set-Up

1. Mount the edentulous casts in the center of the
articulator with the occlusal plane horizontal.
a. The midline was marked on the maxillary occlu-
sion rim.

2. Set the maxillary and mandibular denture teeth to
be consistent with the occlusal plane established
by the maxillary occlusion rim.

3. Return for wax try-in.

Figure 7.38. The master casts mounted on a semi-adjustable
articulator.

Initial Denture Set-Up

Denture teeth were set per the parameters of the maxillary
occlusion rim relative to midline location, incisal edge posi-
tion, and tooth arrangement (Figure 7.39).

Appointment 12. Wax Try-In (1/2 Hour)

The patient was comfortable and agreed to proceed with
the wax try-in appointment. Because the record bases
were made on duplicate healing abutments on the master
cast, clinically there was no reason to remove them.

Verification of Jaw Relation Records

The wax dentures went to place. The jaw relation record
was verified and the patient signed off on the vertical
dimension of occlusion, lip support, incisal display during
speaking/smiling, and tooth arrangement (Figure 7.40).

Figure 7.39. Denture teeth were set per the parameters established by

the maxillary occlusion rim and mandibular record base.

Figure 7.40. Clinical smile with wax dentures in place.

CAD/CAM Protocol
The CAD/CAM protocol for 3i®s system is similar to the

original protocol developed by Branemark in the early
1980s (Adell and others 1981).
CAM StructSURE®™ Precision Milled Bar

The protocol for fabrication of this type of prosthesis
requires the following items for design and fabrication:

1. Wax denture

2. Verified master cast with resilient soft tissue
3. Verification index
4

. Completed work order with a signature by the dentist
that the master cast has been verified as accurate (Fig-
ure 7.41).
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Figure 7.41. Blank work order for the CAM StructSURE Precision Milled Bar. This has to be completed by the dental laboratory technician before
sending the case to 3/°.



Figure 7.42. These are the virtual designs of the mandibular framework as developed by the CAD/CAM operator.
They were emailed to the author's dental laboratory technician for review and modifications as needed.

All the items listed above were sent to the ARCHITECH
PSR™@ Center, Palm Beach Gardens, FL. Most restorative
dentists will be working closely with a commercial dental
laboratory and the laboratory will be involved in the
CAD/CAM protocol relative to coordinating the prosthetic
treatments.

Virtual Design of Framework

The master cast and wax denture were digitally scanned
and the information was digitized. A dental laboratory tech-
nician designed the framework according to the work order
and sent the tentative design to the author’s dental labora-
tory technician for review and potential design changes
(Figure 7.42).

Mill Framework

The framework was milled per the design illustrated in Fig-
ure 7.42. It was milled from a solid blank of titanium alloy
(Figure 7.43). The framework was silicoated prior to the
clinical try-in (Figure 7.44).

Laboratory Evaluation of Framework/Master Cast Fit
(Square Try-In Screws)

The framework was evaluated for fit on the master cast with
a one-screw test. One screw was placed into the screw
access opening of the left posterior implant. A passive fit is

Figure 7.43. Solid blank of titanium alloy before milling the CAD/CAM
mandibular framework.

Figure 7.44. The CAD/CAM mandibular framework was milled and sili-
coated prior to the clinical try-in appointment.
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Figure 7.45. The CAD/CAM framework passed the 1-screw test on the
master cast. The Square Try-In Screws (UNITS) should be used for all
of the laboratory and clinical try in procedures (UNITS, inset).

indicated when no movement is observed on the contra-
lateral most distal implant. The procedure was reversed
and the framework was noted to fit the master cast accu-
rately (Figure 7.45).

Appointment 13. Clinical Framework
Try-In (3/4 Hour)

The patient presented for the clinical framework try-in
appointment and remained asymptomatic.

Clinical One-Screw Test

The healing abutments were removed and all of the implant
restorative platforms were visible (See Figure 7.20). The
framework was tried in using Square Try-In Screws
(UNITS). (Figures 7.46 and 7.47). One advantage of try-in
screws is that the screws go quickly to place with two turns
of the driver.

Radiographic One-Screw Test

Clinically, the framework was also noted to fit passively with
one try-in screw in the middle implant and no screw in a
posterior segment (Figures 7.48 and 7.49).

The framework was removed and the original healing abut-
ments were placed back onto the implants. The patient
was discharged and reappointed for the framework/wax
try-in.

Laboratory Procedures

Silicoat Framework

Silicoating a framework provides a chemical bond and an
opaque covering that masks the metallic color of the
framework. The framework was returned to the commercial
dental laboratory for silicoating (Figure 7.50).
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Figure 7.46. Facial view of CAD/CAM framework in place with one try-
in screw (inset) in the left most distal implant. Note the fit between the
framework and the implants.

Figure 7.47. Occlusal view of CAD/CAM framework in place with one
try in screw in the left most distal implant.

Denture Set-Up

Denture teeth were set per the parameters established by
the mandibular record base (Figure 7.51).

Appointment 14. Wax Try-In with Framework
(3/4 Hour)

The patient returned for this appointment with her signifi-
cant other.

Verification of Jaw Relation Records, Approval of
Aesthetics, Vertical Dimension, Centric Relation, Lip
Support, Incisal Display, and Tooth Arrangement

The healing abutments were removed with the Posterior
Hex Driver (large)(PHDO2N) from the mandibular implants,
and the wax denture/CAD/CAM framework went to place
with the square try-in screws and Standard Square Driver,
24 mm (UNITS and PSDQD1N) (Figure 7.52). The patient
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Figure 7.48. Radiograph of the middle implants with the framework
retained by one try-in screw in the middle implant.

Figure 7.51. Laboratory view of mandibular framework with teeth set
per the wax denture set up in Figure 7.39 prior to try-in.

Figure 7.49. Radiograph of the left posterior segment that indicated a
precise fit between the framework and the implant restorative platforms
with one screw in the center implant as in Figure 7.48.

had a thorough chance to evaluate the tooth arrangement,
vertical dimension of occlusion, and incisal display during
speaking and smiling. She and her significant other
approved of the wax denture tooth arrangement.

The wax denture/CAD/CAM framework was removed with

the Standard Square Driver, 24 mm and the healing abut-

ments were placed back onto the implants. The patient  Figure 7.52. Clinical anterior view of the mandibular wax
was discharged and reappointed for the clinical insertion  denture/CAD/CAM framework against the porcelain fused to
appointment. metal maxillary restorations.
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TABLE 7.8. Laboratory Work Orders for Processing the
Mandibular CAD/CAM Prosthesis

The patient approved of the aesthetic arrangement of
the denture set-up.

1. Re-establish optimal centric occlusal contacts in
the posterior teeth. Set posterior teeth in tight cen-
tric occlusion.

2. Right and left working movements should be Group
Function.

3. Leave mandibular anterior teeth where they are in
the wax denture. (Patient specifically requested
this tooth arrangement.)

4. Numbers s 8 and 9 should disclude in protrusive

with posterior balancing contacts.

Wax the denture portion of the prosthesis to opti-
mal gingival contours.

Process in acrylic resin.

Remount and adjust occlusion after processing.
Remove the prosthesis from the master cast.
Place polishing protectors to protect the machined
interfaces.

10. Finish and polish.

o

©oNO

Figure 7.53. Right posterior laboratory view of mandibular wax den-
ture/CAD/CAM prosthesis with teeth in maximum intercuspation.

Laboratory Procedures and Laboratory Work Orders
The laboratory work orders are located in Table 7.8 (Fig-
ures 7.53 through 7.57).

Appointment 15. Prosthesis

Insertion (3/4 Hour)

Removal of Healing Abutments

The healing abutments were removed with the PHDO2N
(Standard Large Hex Driver, 24 mm). The soft tissues had
healed consistent with the shape of the healing abutments,
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Figure 7.54. Left posterior laboratory view of mandibular wax den-
ture/CAD/CAM prosthesis, waxed to full contour, prior to processing.
Note that the screw access opening for the mandibular first molar was
lateral to the buccal cusp.

Figure 7.55. Polishing protectors in place on the machined surfaces of
the mandibular prosthesis. These should be placed onto the framework
after removal from the master cast, prior to polishing.

Figure 7.56. Laboratory occlusal view of the mandibular prosthesis
after polishing.



Figure 7.57. Laboratory facial view of the mandibular prosthesis after
polishing.

and the patient reported no pain during this procedure
(Figure 7.20). The implants were assumed to be osseointe-
grated.

Insertion of Mandibular Prosthesis
Abutment Screws

The prosthesis went to place with the definitive abutment
screws (Gold-Tite™ Square Abutment Screws, UNISG).
This abutment screw is made from a high-strength gold
palladium alloy with a 0.76 pm 24-carat-gold coating. In
laboratory studies, Gold-Tite™ abutment screws achieve a
greater degree of preload torque compared to titanium,
gold alloy, and coated titanium screws. Gold-Tite™ is a dry
lubricant between mating threads that reduces friction
between screws and implants and allows 62% more screw
turn during tightening than non-Gold-Tite screws. This is
significant in that the preload increases within the screw
joint without increasing the force generated on the screw
head. The Standard Square Driver (PSQD1N) was used to
hand tighten the abutment screws (Figure 7.58).

Torque

In the OSSEOTITE® Implant System (external hex
implant/abutment connection), square abutment screws
are the abutment screws of choice. These screws can be
torqued to 32 to 35 Ncm. In this case, the screws were
torqued to 35 Ncm with the Restorative Torque Driver and
32 Ncm torque controller (RTI230, CATCS, respectively)
(Figure 7.59).

After the screws were torqued according to the above pro-
cedures, the screw access openings were partially
blocked out with cotton and then restored with light cured
composite resin (Figure 7.60).

Figure 7.58. The definitive mandibular prosthesis went to place with
the abutment screws (UNISG). The Standard Square Driver, 24 mm
(PSQD1N) was used to hand tighten the screws (UNISG, left inset;
PSQD1N, right inset).

Figure 7.59. The head of a Restorative Torque Indicator. The triangle to
diamond indicated that 35 Ncm of preload was generated to the abut-
ment screw.

Figure 7.60. Occlusal view of mandibular implant-retained prosthesis.
Light cured composite resin was used to seal the screw access
openings.
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Figure 7.61. Anterior view of completed prostheses at the mandibular
prosthesis insertion appointment.

Figure 7.62. Right lateral view of completed prostheses at the
mandibular prosthesis insertion appointment.

Final Prostheses

The patient was discharged with the completed prosthe-
ses in place (Figures 7.61, 7.62, 7.63, 7.64).

Oral Hygiene Instructions

The patient was introduced to several different methods for
oral hygiene for both the maxillary fixed partial dentures
and the mandibular implant prosthesis. The use of Super-
floss® and manual and electric toothbrushes was demon-
strated to the patient. The author has found that dispensing
oral hygiene supplies at the insertion appointment to be
the most effective means of increasing patient compliance
(Figures 7.65, 7.66, 7.67 and 7.68).
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Figure 7.63. Left lateral view of completed prostheses at the mandibu-
lar prosthesis insertion appointment.

Figure 7.64. Extra-oral view of the patient's smile at the insertion
appointment.

Appointments 16 and 17. Prosthetic
Follow-up Appointments: Two Weeks,
Six Months (1/2 Hour)

This patient was seen approximately two weeks after the
prostheses were inserted. She was extremely pleased with
the aesthetic, phonetic, and functional results of the pros-
thetic treatment. She reported no difficulties with either
prosthesis. Her oral hygiene was excellent. No treatment
was required at either appointment.



Figure 7.67. An electric toothbrush (Oral B® Professional Care 7000

Figure 7.65. Superfloss® can be used for plaque removal around the Series, St. John, NB) also can be an effective tool for plague removal
implant/framework connections, as well as the intaglio surface of the around the implant/framework connections, especially for patients with
implant-retained prosthesis. limited manual dexterity.

Figure 7.66. A manual toothbrush can be an effective instrument for Figure 7.68. An electric toothbrush (Oral B Professional Care 7000
plaque removal around the implant/framework connections. It may not Series, St. John, NB) can also be effective for plaque removal in and

be as effective on the intaglio or lingual surfaces of an implant-retained ~ around the lingual surfaces of a screw-retained prosthesis.
prosthesis.

Radiographs

In the absence of symptoms, a panoramic radiograph was
ordered for the one-year recall appointment (Figure 7.69).
If the patient had reported any symptoms related to pain,
or discomfort in or around the implants, periapical radi-
ographs would have been ordered and evaluated. In cer-
tain instances in which a patient presents with chronic,
vague symptoms, clinicians may order periapical radi-
Again, the patient reported no problems with either pros-  ographs of individual implants. In this instance, there was
thesis. She was still extremely pleased with the aesthetic, less than 1 mm of crestal bone loss noted around the
phonetic, and functional results of the prosthetic treatment.  implants.

Appointment 18. One-Year Recall
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Figure 7.69. Panoramic radiograph at the one-year recall appointment. There was less than 1 mm of crestal bone
loss around any of the implants. There was excellent bone/implant contact around all of the implants. There were
no radiolucenies.

Clinical Examination

The prostheses were evaluated intra- and extra-orally. The
vertical dimension of occlusion, as well as the Class | pos-
terior occlusal relationships, were maintained. The maxil-
lary fixed partial dentures were stable and the soft tissue
contours were within normal limits. The mandibular implant-
retained prosthesis was stable and without macroscopic
movement. The patient’s oral hygiene was excellent.

If a patient’s oral hygiene is not satisfactory (Figure 7.70),
calculus may be removed with the prosthesis in place. If
the calculus is significant, the implant-retained prosthesis
may need to be removed. In these instances, the author
has found it more efficient to reappoint the patient for
removal of the prosthesis, clinical polishing of the abut-
ments, and laboratory finishing of the prosthesis (Figure
7.71).

Future Recall Appointments

The author recalls this type of patient once yearly. Radi-
ographs are taken every year for the first three years. In the
absence of signs or symptoms of pathology, radiographs
would be taken every two to three years thereafter.

Costs/Fees/Profitability

The following discussion (Table 7.9) relative to fees is
reflective of 2006 in the Midwestern United States. The
costs of the implant components are retail prices from
Implant Innovations, Inc., Palm Beach Gardens, Florida.

Surgeon: Ajit Pillai, DMD, Gundersen Lutheran Medical
Center, LaCrosse, Wisconsin
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Figure 7.70. Moderate accumulations of supra-gingival plaque and cal-
culus in and around a mandibular implant-retained prosthesis. These
deposits were removed intra-orally with plastic scalers. The prosthesis
did not need to be removed.

Figure 7.71. Laboratory view of an implant-retained prosthesis with
heavy accumulations of plaque and calculus on the intaglio surface. In
this case, abutment lab analogs (SLA20, inset) were used to protect the
machined interfaces of the abutments inside the casting.



TABLE 7.9. Lab Fees, Component Costs, Overhead, Fees, and Restorative Profits

Fixed
Laboratory
Chair Time Overhead Expenses
Casts $60
Articulation $ 50
Record bases $50
Denture set up $250
Processing $100
5.5 hours $350/hr = $1925 Sub Total $510
Implant Components
CAM StructSURE Precision
Milled Bar $2100
Polishing protectors $90
Lab screws $150
Abutment Screws $330
Sub Total $2670
TOTALS $1925 $3180
Professional Fee $7500
Costs (fixed overhead and laboratory expenses) $5105
Profit (fees less costs) $2395
Profit per hour ($2395/5.5) $ 435

Impression copings, lab screws, and polishing protectors may be used multiple times, therefore costs will be
decreased for each succeeding case and profits will be increased. Analogs should not be re-used.

Dental Laboratory Technicians: Andrew Gingrasso, Gun-
dersen Lutheran Medical Center, LaCrosse, Wisconsin;
Thomas Peterson, MDT, CDT, NorthShore Dental Labora-
tory, Lynn, Massachusetts
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Chapter 8: Treatment of the Edentulous Mandible
with an Immediate Occlusal Loading® Protocol

LITERATURE REVIEW

Dentistry has moved through a number of evolutions over
the last several decades. For many years, treatment of the
edentulous mandible using conventional complete den-
tures has been the standard of care for dentistry, even
though the term “standard of care” can have multiple defi-
nitions (Feine and others 2002; Fitzpatrick 2006). Conven-
tional mandibular complete dentures still are frequently
made for edentulous patients but often can be frustrating
for clinicians and patients due to severe resorption and the
resultant instability of the dentures.

The Pre-Osseointegration Era

The pre-osseointegration era was so defined by Philip Wor-
thington (2005). He described this period as one in which
pre-prosthetic surgical procedures were accomplished to
facilitate prosthetic treatment in patients with significant
anatomical compromises. The surgical procedures devel-
oped in this era were directed toward two goals:

1. The surgical removal of obstacles to prosthetic treatment

2. Procedures to increase the denture-bearing area

The most durable contribution made during this time was
that of orthognathic and pre-prosthetic surgery that elimi-
nated osseous asymmetries correcting problems prior to
denture construction. Conventional prosthodontic treat-
ment resulted in accurately fitting prostheses. However,
there were numerous patients who still could not manage
their dentures.

The Osseointegration Era

This era expanded knowledge of bone biology relative to
osseous wound healing and its interactions with dental
implants and their surfaces. Roughened surfaces and the
requirement for minimal micromotion fostered a stable
implant/bone connection and allowed the creation of fixed
implant-retained prostheses. Albrektsson and others
(1986) described the osseointegration era as halfway
biotechnology.

Implantology struggled during this period of time with fail-
ures and successes. In 1982, at a conference organized in
Toronto, Canada, by Dr. George Zarb, dental professionals
realized that their interaction and understanding of bone
biology was, in fact, progressing and many solid partner-
ships were being forged.

However, as quoted by Worthington (2005), the Scottish
poet, Robert Burns (1971) reminded us it is not always easy
to see ourselves as others see us and what perhaps was
evolving was that the surgeons looking at themselves might
see someone who was innovative, resourceful, and dexter-
ous, whereas the prosthodontic colleague might see some-
one who was overconfident, unrealistic, and perhaps inef-
fective. On the other hand, the prosthodontist might look at
himself and see a true artist with the hardest job of all—sat-
isfying the patient. His surgical colleagues might see the
prosthodontist as someone who was not only very demand-
ing but also grudging in acknowledgement of the surgical
contribution (Worthington 2005) (Figures 8.1 and 8.2).

Figure 8.1. Pre-operative clinical anterior view of edentulous maxillae
and partially edentulous mandible.

Figure 8.2. Immediate postoperative clinical anterior view of the patient
in Figure 8.1.
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Branemark’s protocol (Branemark and others 1977) for
dental implants included the following:

1. Machined commercially pure titanium implants

2. Two-stage surgical protocol with unloaded healing
times of six months in edentulous maxillae and three to
four months in edentulous mandibles

3. Atraumatic surgery

4. Sterile protocol

5. No intra-operative radiographs

6. Acrylic resin occlusal surfaces for screw-retained
prostheses

This strict protocol led to high cumulative survival rates at
up to 36 months post implant placement of 90.7% for
implants with diameters less than 4 mm; 94.6% for
implants with diameters of 4-5 mm; 66.7% for 7 mm-long
implants and 96.4% for 16 mm-long implants (Winkler and
others 2000).

Branemark and others (1983) divided osseointegration into
three phases: primary fixation; callus formation; and
remodeling into mature, lamellar bone. Nonintegration of
dental implants occurred when this sequence of events
was disturbed (Branemark 1985). The potential etiologies
for nonintegration of dental implants included preparation
trauma, infection, premature occlusal loading, and post
occlusal overload. However, scientific evidence for prema-
ture occlusal loading has been disputed (Testori and oth-
ers 2001; Testori and others 2002).

Immediate Occlusal Loading®
in the Edentulous Mandible

Immediate Occlusal Loading® in the edentulous mandible
has taken on several different names: DIEM® (Implant
Innovations, Inc., Palm Beach Gardens, FL) and Teeth in a
Day™ (Prosthodontics Intermedica, Fort Washington, PA).
Immediate Occlusal Loading® of multiple, splinted implants
with a fixed, implant-retained prosthesis in the maxillae is
evolving at the time of this publication but requires further
investigation and long-term follow-up.

Immediate Occlusal Loading® (IOL®) in the edentulous
mandible has been defined as implant placement with
adequate primary stability and a fully functional occlusion
at the time of implant placement (Schnitman and others
1997). This definition is specific regarding time and func-
tion of the implants (Figure 8.3).

Immediate Occlusal Loading® has proven to be predictable
when implants are placed with insertional torque values of
at least 30 Ncm or greater (Testori and others 2001). This
torque value is a quantitative measurement and correlates
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Figure 8.3. Patient with IOL® Abutments in place immediate post
implant placement, prior to transfer to the author’s office.

well with primary stability. Micromotion is the movement of
an implant within an osteotomy. Tarnow (1997) quoted
Brunski (1997) as stating that micromotion can be deleteri-
ous at the bone-implant interface, especially if the micro-
motion occurred soon after implantation. Brunski further
stated that micromotion of more than 100 micrometers
should be avoided because motion greater than this level
would cause the wound to undergo fibrous repair rather
than the desired osseous regeneration. Movement in the
range of 50-100 micrometers is tolerated by implants and
allows osseointegration.

Cross arch stabilization is accomplished when implants
are splinted from one side of the arch to the other. This
bilateral arrangement provides biomechanical advantages
when connected by a rigid prosthesis. Cross arch stabi-
lization is also a function of the anterior-posterior spread
(AP) of implants in a given arch (McAlarney and
Stavropoulos 1996). AP spread is measured by drawing a
horizontal line across the most anterior implants and a sec-
ond horizontal line through the middle of the most posterior
implants. In definitive implant-retained prosthesis with a
metal framework, the development of a cantilever distal to
the last implants may range from 1.5 times the distance to
one-half of this distance (English 1992).

Early investigators of Immediate Occlusal Loading® of dental
implants included Schnitman, Tarnow, and Testori. Schnit-
man (1997) reported a 10-year study of 63 3.75 mm diam-
eter machined, commercially pure titanium implants
placed in 10 patients followed for 10 years. The 10-year
cumulative survival rate (CSR) of all implants was 93.4%.
The immediate loaded implants had a CSR of 84.7%, and
the nonloaded implants had a CSR of 100%. Tarnow (1997)
completed a five-year study and reported on the immedi-
ate loading of threaded implants in edentulous arches. Six
of the patients had edentulous mandibles; four had eden-
tulous maxillae. Fifty-nine implants were immediately
loaded; 38 were nonloaded and healed without occlusal
function. Fifty-seven of the 59 immediate loaded implants



integrated, and 37 of the 38 submerged nonloaded
implants integrated. Tarnow’s conclusion was that immedi-
ate loading of multiple implants rigidly splinted, with cross-
arch stabilization, can be a viable treatment option for
edentulous patients.

Testori and others (2001) evaluated the healing of
OSSEOTITE® implants with a submerged, traditional
unloaded protocol and an immediate loading protocol in a
single patient. It was a case report that quantified
bone/implant contact surface area for two immediately
loaded and one nonloaded implant eight weeks post
implant placement. The case report described the treat-
ment for one patient with 11 implants: five were allowed to
heal with the traditional protocol and six were immediately
loaded. Eight weeks post implant placement and immedi-
ate occlusal loading, three implants were removed and
analyzed for bone implant contact. The two immediately
loaded implants had significantly greater bone/implant
contact (68%) than the nonloaded implants (34%). Immedi-
ate Occlusal Loading® of implants did not impede osseointe-
gration and bone remodeling on the OSSEOTITE® surface.

Testori and others (2003) followed this clinical report with a
study in which six patients received definitive prosthesis in
occlusal function within 36 hours of implant placement sur-
gery. All of the implants were clinically successful. They
concluded that the treatment of edentulous mandibles with
this Immediate Occlusal Loading® protocol supported by
OSSEOTITE® implants seemed to be a viable option to the
traditional nonloading healing protocol. High implant clini-
cal survival rates and minimal bone loss were obtained
with the immediate loading protocol immediately or up to a
36-hour period post implant placement. Drago and Laz-
zara (2005) reported similar findings with Immediate
Occlusal Loading® of edentulous mandibles 12 months post
implant placement. The CSR for the implants was 96.8%;
the CSR for the prostheses was 100%.

DIEM®™ Protocol

These investigators’ efforts opened the door in 2003 for the
transition into the DIEM® protocol (Implant Innovations
Inc., Palm Beach Gardens, FL). The protocol involves
placement of at least four implants into an edentulous
mandible, with insertional torque values of at least 30 Ncm
and restoring the implants with a screw-retained prosthesis
on the same day. Implant restorative components have
been developed to facilitate fabrication of this type of pros-
thesis. It provides patients with a fixed, screw-retained
implant prosthesis with a fully functional occlusion on the
day of implant placement. The protocol can be adapted to
dentulous patients who have had their teeth extracted on
the day of implant placement, as well as edentulous
patients who can leave the office with fixed, screw-retained
implant prostheses on the same day.

Figure 8.4. Pre-operative panoramic radiograph that demonstrated
moderate to advanced bone loss throughout the dentition.

This type of dentistry clearly requires a team concept for
restorative dentists, implant surgeons, and laboratory tech-
nicians. This protocol is restoratively driven but surgically
determined in that all of the criteria for Immediate Occlusal
Loading® have to be satisfied prior to the loading of the
implants on the day of placement. If one or more of the cri-
teria are not satisfied, implants may be placed and not
loaded or grafting may be required prior to implant place-
ment at a later date. Restorative dentists have the role of
coordinating treatment logistics. Extensive pre-operative
treatment planning is necessary to determine such details
as to whether the patient will be treated at the surgical and
restorative offices on the same day or whether the proce-
dures will be extended to occur over a 36-hour period.

CLINICAL CASE PRESENTATION

Appointment 1. Initial Examination
(Surgical Office; One Hour)

This patient was self-referred. The receptionist at the front
desk sent this patient a personal letter welcoming her to
the practice prior to the initial examination appointment.
This letter introduced the entire staff to the patient and also
discussed the philosophy of the practice. After the patient
arrived at the office, the receptionists introduced them-
selves in person and again welcomed the patient to the
practice.

The surgical implant coordinator re-explained what would
be accomplished at this visit, noting that the initial visit
would last approximately 60 minutes and that this visit was
one of potentially two diagnostic visits in the treatment
process. The patient was also asked to bring a family
member or individual to accompany the patient at any
future appointments.

Radiographs
Radiographs were taken at this time (Figure 8.4).
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Figure 8.5. Castroviejo caliper used to measure the amount of inter-
occlusal distance available for osteotomy and implant placement.

Chief Complaint

A 56-year-old female presented for care. The patient’s
chief complaint was: “My teeth hurt and | want them
removed. | also want to consider dental implants for my
treatment.” The medical and dental histories with all med-
ications were recorded.

Physical Examination

Extra- and intra-oral physical examinations were com-
pleted including periodontal pocket measurements and
tooth mobility. Measurement of the patient’s ability to open
at potential implant sites was recorded with a long Castro-
viejo caliper (Ace Surgical Supply Co., Inc., Brockton, MA)
(Figure 8.5). The bone and tissue thickness were recorded
with Boley gauge calipers (Boley Gauge, Ace Surgical Co.,
Brockton, MA) at the same sites (Figure 8.6).

Diagnosis

1. Type Ill and Type IV chronic periodontitis, with lack of
attached gingiva for teeth 20 and 29 (Figure 8.7)

. Partially edentulous maxillae and mandible (Figure 8.8)

. Dental caries

. Class Il malocclusion

a A W DN

. Adequate bone volume for implant placement in the
mandible

6. Moderate anxiety toward dental treatment

Prognosis

The deterioration of the dentition at such an early age was
projected to continue, and the patient agreed that the den-
tition would require a significant effort to restore. Multiple
treatment plans were discussed including periodontal sur-
gery, endodontics, crowns, fixed partial and removable
partial dentures, complete dentures, overdentures, and
dental implants with and without the Immediate Occlusal
Loading® protocol (IOL®). The patient’s lack of commit-
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Figure 8.6. Boley gauge used to measure the width of the alveolus
pre-operatively.

Figure 8.7. Pre-operative anterior clinical image that demonstrated
advanced periodontal disease.

Figure 8.8. Pre-operative mandibular occlusal image that demon-
strated a satisfactory anterior/posterior spread of the natural teeth.

ment to maintain reasonable oral hygiene, the cost to
replace the missing teeth and restore the remaining teeth,
and the potential for recurrent caries and periodontal dis-
ease, was beyond her means and desires. Maintenance of
the natural dentition could require additional costly treat-
ment in the future, and the prognosis considering her care
and retention of the restored dentition was extremely poor.



The prognosis for extractions, alveolectomy, implant place-
ment, and Immediate Occlusal Loading® for a mandibular
denture and a complete maxillary denture was favorable,
and she accepted it as her treatment option. The costs
over the long term were figured to be less than the treat-
ment option that included maintenance of her natural den-
tition. The 10L® denture should provide better function,
aesthetics, and phonetics on a long-term basis. The inter-
est and commitment to proceed expressed by the patient
resulted in completion of the radiographic examinations,
which included a computerized tomogram of the mandible
and individual periapical and bitewing radiographs (Fig-
ures 8.9, 8.10, 8.11).

Appointment 2. Examination/Consultation
Restorative Dentist/Patient (One Hour)

The patient was referred by the periodontist to the author ~ Figure 8.9. Right bitewing radiograph of the posterior right segment.
for examination, diagnosis, and treatment planning relative

to extraction of the remaining mandibular teeth, placement

of dental implants, and Immediate Occlusal Loading®.

Examination

Because the patient had already been examined by the
periodontist, additional radiographs were not necessary.
The physical examination was unremarkable. The findings
were consistent with the findings of the periodontal exami-
nation.

Diagnosis

1. Type Il and Type IV chronic periodontitis, with lack of
attached gingiva for teeth 20 and 29

. Partially edentulous maxillae and mandible

. Dental caries

. Class Il malocclusion

. Adequate bone volume for implant placement in the  Figure 8.10. Left bitewing radiograph of the posterior left segment.
mandible

a A WO DN

6. Adequate restorative volume for implant restoration with
a fixed implant-retained mandibular prosthesis

7. Moderate anxiety toward dental treatment

Treatment Options

The first treatment option described the extraction of the

maxillary teeth and replacement with an immediate den-

ture. It then included the extraction, alveolectomy, and

placement of four to six implants in the edentulous

mandible by the periodontist. The patient would be trans-

ferred to the prosthodontic office for placement of a screw-

retained prosthesis (Table 8.1). The second treatment

option described the extraction of the remaining teeth and  Figure 8.11. Panoramic CT image with diagnostic work up relative to
replacement with immediate complete dentures. If the  proposed implant sites and implant sizes.
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TABLE 8.1. Treatment Plan #1 (Maxillary Immediate Denture; Mandibular Extractions, Implant Placement and
Immediate Occlusal Loading® of a Screw-Retained Prosthesis)

Diagnosis: Type Il and Type IV chronic periodontitis

Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Maxillary immediate complete denture D5130

Referral to periodontal office:
1. Extract the maxillary teeth and insert maxillary immediate denture
2. Discharge to prosthodontist for denture follow-up care

3. Tissue conditioning of immediate maxillary complete denture D5850
Fees and services will be determined by the periodontist.
Restorative reevaluation D0140
Fabrication of IOL® denture D9999

Referral to periodontal office:
1. Extract all mandibular teeth, perform alveolectomy to provide adequate restorative volume for the IOL® denture
2. Place 4-6 OSSEOTITE® implants from first molar to first molar, with an adequate A/P spread
3. Implants should achieve insertional torque values of at least 30 Ncm to be included in the DIEM denture
4. Place IOL® Abutments so that the collar heights are slightly above the gingival margin
5. Discharge to prosthodontist for fabrication of the IOL® denture

Follow-up prosthetic care D9999
Year recall D0120
Panoramic radiograph D0330

Benefits of Treatment Plan #1

Periodontal disease of all teeth will be taken care of via extraction of all teeth. The upper teeth will be replaced with
a complete denture; the lower teeth will be replaced with a screw-retained implant prosthesis that will not be remov-
able by the patient. Patient should enjoy improved function with a good long-term prognosis. Patient should also
have improved aesthetics.

Limitations of Treatment Plan #1

Cost, complexity, and length of treatment (2-3 months). The upper denture will move. Bone loss will continue
beneath the upper denture. Implants are generally successful in the lower jaw about 96-98% of the time. The
implants have to obtain a high enough insertional torque value so as to achieve primary stability. At least four highly
stable implants are required for the immediate loading protocol to be successful. If fewer than four implants achieve
a high enough insertional torque value, the patient will leave with a conventional denture. A definitive screw-
retained prosthesis will be constructed approximately 2-3 months after implant placement. The implants have to be
placed optimally for the above treatment to be accomplished. If the implants are not placed optimally, changes in
the treatments, designs, and fees will be likely. The patient will be asked to take the upper denture out during night-
time sleep. The patient will be expected to return for scheduled post-insertion office visits that may include radi-
ographs, clinical examinations, and potential removal of the fixed prosthesis in the lower jaw.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611
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denture experience was unsatisfactory, implants could be
considered at a later date for increased retention and sta-
bility of one or both dentures (Meijer and others 1996;
Awad and others 2003) (Table 8.2). The third treatment
option deferred prosthetic treatment at this time (Table
8.3).

Benefits and limitations of each treatment option were
described in detail on the written treatment plans. The
prosthodontic fees, or ranges of fees for each procedure,
were also listed on each treatment plan. The patient was
given copies of the treatment plans, and after some con-
sideration, the patient agreed to proceed with the first
treatment plan including implant placement and insertion

TABLE 8.2. Treatment Plan #2 (Maxillary Immediate Denture; Mandibular Immediate Denture)

Diagnosis: Type lll and Type 1V chronic periodontitis

Restorative Services

Comprehensive oral evaluation
Diagnostic casts

Panoramic radiograph

Maxillary immediate complete denture
Mandibular immediate complete denture

Referral to periodontal office:

ADA #
D0150
D0470
D0330
D5130
D5140

Fee

1. Extract all of the maxillary and mandibular teeth and insert

maxillary and mandibular immediate dentures

2. Discharge to prosthodontist for denture follow-up care

3. Tissue conditioning of immediate maxillary complete denture
4. Tissue conditioning of immediate mandibular complete denture

D5850
D5851

Fees and services will be determined by the periodontist.

Prosthetic reevaluation

If denture experience has been successful

Laboratory processed reline maxillary immediate denture
Laboratory processed reline mandibular immediate denture

If denture experience has been unsuccessful
Consideration for implants in one or both jaws
Fees and services to be determined

Benefits of Treatment Plan #2

D0140

D5750
D5751

Periodontal disease of all teeth will be taken care of via extraction of all teeth. The upper and lower teeth will be
replaced with immediate complete dentures. Patient should have improved function with a fair long-term prognosis.

Patient should also have improved aesthetics.

Limitations of Treatment Plan #2

Cost, complexity, and length of treatment (4-6 months). Both dentures will move. The patient will be asked to take
both dentures out during nighttime sleep. Bone loss will continue beneath both dentures. The patient will be
expected to return for scheduled post-insertion office visits that may include radiographs and clinical examinations.
Both dentures will have to relined at appropriate times to compensate for resorption of the jawbones and resulting

ill fit of one or both dentures.

Patient signature

Date

Witness

Date

ADA #s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,

211 East Chicago Avenue, Chicago, IL 60611
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TABLE 8.3. No Definitive Treatment

Diagnosis: Type Il and Type IV chronic periodontitis

Restorative Services ADA #
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Prosthetic reevaluation D0140

Benefits of Treatment Plan #3
Patient will retain all remaining natural teeth.

Limitations of Treatment Plant #3

Fee

Patient’s dentition will be at risk for loss secondary to periodontal disease. Patient will be at risk for dental infections
and toothaches. Bone loss secondary to periodontal disease will continue and may compromise the bone volume if

implants are to be placed.

Patient signature

Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Associa-

tion, 211 East Chicago Avenue, Chicago, IL 60611

of a fixed implant-retained prosthesis on the same day. She
was referred to the first author for the surgical diagnostic
work-up.

Appointment 3. Consultation Restorative
Dentist/Surgeon (1/2 Hour)

Number/Size of Implants

The surgeon discussed the height and width of the
mandibular arch in anticipation of implant placement. The
surgeon preferred the OSSEOTITE NT® implant system.
The tentative size was decided to include 4.1 mm restora-
tive platforms with 11.5 mm lengths. Optimal A/P spread
includes placing implants distal to the mental foramen,
which generally means the mesial occlusal fossae of the
mandibular first molars. However, this procedure requires a
CT scan so that the location of the inferior alveolar canals
can be identified. Implants placed distal to the mental fora-
men sometimes require adequate bone reduction to allow
adequate space for the implant abutments, temporary
cylinders, and denture. This reduction must remain above
the inferior alveolar canal and within the vertical dimension
of occlusion (VDO) originally measured by the restorative
dentist. Implants are generally placed a minimum of 8 mm
on center.

Implant surgical volumes need to be approximately 6 mm
in width to accommodate 4 mm diameter implants. Alveo-
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lar ridge width generally increases as the height of the
residual ridge is reduced with the alveolectomy. Mandibu-
lar bone is generally harder than maxillary bone, which
results in increased likelihood for primary stability in ex-
cess of 30 Ncm of insertional torque. Computerized tomo-

Figure 8.12. Mandibular occlusal CT scan with individual markings
1 mm apart that identified and allowed accurate transfer of information
from the CT scan to the mouth.



Figure 8.13. Cross sectional oblique CT images. The numbers of each view correspond to the numbers in the

occlusal CT scan in Figure 8.12.

grams (CT cross section obliques) (Figures 8.12 and 8.13)
are extremely helpful for determining the buccal/lingual
width pre-operatively. If there is inadequate width, the IOL®
protocol may not be possible. Bone grafting may be
required prior to implant placement. Bone grafting delays
the treatment time. However, the IOL® protocol may still be
accomplished after the bone graft has healed.

The treatment option identified for this patient consisted of
an immediate maxillary denture, followed by healing and
adaptation prior to the maxillary complete denture before
performing the IOL® protocol in the mandible. This treatment
plan was thought to have a better prognosis than treating
both jaws at one visit. Six implants (4 X 11.5 mm) were
decided as the ideal number for the mandibular treatment.
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Figure 8.16. Lateral oblique CT scan of proposed implant location.

Figure 8.14. The surgical guide (top) was fabricated as a duplicate of
the mandibular DIEM™ denture (bottom).

Figure 8.17. Lateral oblique CT scan of proposed implant location.

Figure 8.15. Lateral oblique CT scan of proposed implant location.

The surgical guide was fabricated as a duplicate of the
mandibular prosthesis (Figure 8.14). Using the CT cross
section obliques, six implant locations were identified, as
well as the required reduction of mandible after extraction
of the natural teeth, to permit adequate bulk for the
mandibular IOL® denture without impinging on the prede-
termined Vertical Dimension of Occlusion (Figures 8.15,
8.16, 8.17, 8.18, 8.19, 8.20). Figure 8.18. Lateral oblique CT scan of proposed implant location.
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Figure 8.19. Lateral oblique CT scan of proposed implant location.

Figure 8.20. Lateral oblique CT scan of proposed implant location.

Prosthesis Design

A screw-retained prosthesis was agreed upon to be the
treatment of choice. This required optimal implant place-
ment within the occlusal surfaces of the posterior teeth and
lingual to the facial surfaces of the anterior teeth (Figure
8.21).

Implant/Abutment Connection

3i®s implant systems are available with both internal and
external implant/abutment connections (Figure 8.22). In full
arch edentulous situations, both connections have worked
well. In this case, the surgeon placed OSSEOTITE NT®
implants (external hex implant/abutment connections).

Figure 8.21. Occlusal view of mandibular surgical guide with holes cor-
responding to the proposed implant sites prepared as part of the pre-
operative surgical work-up.

Figure 8.22. Diagrammatic representation of internal connection (top)
and external hex (bottom) implant/abutment connections.

Surgical Work-Up and Protocol

The periodontist determined the long axis and inclination
of the teeth in the locations selected for implant placement
by using the CT scans: sagittal, panoramic, and cross sec-
tion oblique views. The implant locations were identified
and the amount of bone reduction for each alveolectomy
was determined. The surgical guide as received from the
prosthodontist was opened at the sites identified from the
CT scan. The center of each potential implant site was
marked with a burr on the buccal and lingual flanges of the
surgical guide.
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Figure 8.23. Pre-operative laboratory inter-occlusal record between
the maxillary denture and surgical guide.

Selection of implants on the large full plate of lateral
oblique views was identified from 1-6, number 1 on the left
being the largest number cross section oblique (CSO) and
number 6 on the right being the smallest numbered CSO.

The tentative surgical protocol involved the use of direc-
tional guide pins placed in a sequence that allowed the
handpiece unobstructed movement. In this instance the
surgeon planned on placing the first implant in the anterior
left quadrant in the location of tooth #23 (CSO 46). The
second implant was placed in the mesial fossa of the
mandibular left first molar (CSO 58). Its angulation related
to the orientation of the first anterior left directional guide
pin. The remaining placements were planned as follows:
the third implant, tooth #21 (CSO 51); the fourth implant,
tooth #27 (CSO 40); the fifth implant, tooth #28 (CSO 35);
the sixth implant in the mesial fossa of the mandibular right
molar (CSO 28).

A laboratory centric occlusion registration (Figure 8.23)
was made to orient the maxillary and mandibular dentures
and surgical guide. This step would facilitate correctly ori-
enting the denture and guide during the surgical appoint-
ment. The surgical guide was reduced along the flanges
and the retromolar pad areas.

Appointment 4. Surgical Reevaluation
(1/2 Hour)

The patient returned for a reevaluation with the implant sur-
geon. The radiographic studies were interpreted for her.
The benefits and limitations of the surgical treatment were
discussed, as were some of the prosthetic benefits and
limitations. The type of sedation was also discussed. All of
the questions asked by patient and her spouse were
answered. The surgical appointment was scheduled for
120 minutes and pre-operative photographs were taken.
The prescription medications were discussed and given to
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her, along with a detailed schedule for ingestion. For exam-
ple, the patient was instructed to take the antibiotic early in
the morning prior to the surgical appointment. The surgical
consent forms were signed and witnessed by one dental
assistant at the end of the reevaluation appointment.

The patient was discharged to the prosthodontist for the
prosthetic phase of treatment including extraction of the
maxillary teeth and insertion of the maxillary immediate
denture. This portion of the treatment is not discussed.

Appointment 5. Definitive Impressions
and Jaw Relation Record (1/2 Hour)

The patient presented for this appointment without com-
plaints and was quite pleased with the maxillary immediate
denture.

Because the DIEM™ denture would be retained by the
implants, there was no need to make a traditional border
molded impression. Alginate impressions were made of
the partially edentulous mandible and of the maxillary
immediate denture.

A jaw relation record was made at the existing vertical
dimension of occlusion with a poly vinylsiloxane bite regis-
tration material. Because the patient was already pleased
with the aesthetic results associated with the maxillary
complete denture, this appointment was relatively quick
and did not involve the conventional prosthodontic steps
associated with construction of complete dentures (Pound
1970; Landa 1952).

Diagnostic Casts

The impressions were poured in dental stone (Figures 8.24
and 8.25).

There was an adequate number of posterior teeth, so a
mandibular record base was not required for the articulator
mounting. The maxillary denture was already deemed
acceptable, so the centric jaw relation record was made at
the existing vertical dimension of occlusion. However, a
maxillary record base and occlusion rim was fabricated for
the initial jaw relation records appointment for construction
of the maxillary immediate denture.

Articulator Mounting

The articulator mounting was actually done in conjunction
with the maxillary immediate denture (Figure 8.26). The
teeth were removed from the diagnostic casts in prepara-
tion for the maxillary immediate complete denture and the
mandibular DIEM denture. Tooth and alveolar ridge reduc-
tion on the mandibular cast was minimized (Figure 8.27).
This allowed the inner volume of the mandibular denture to
be greater than a conventional immediate denture (Figure



Figure 8.26. Laboratory articulator mounting at the preexisting vertical
dimension of occlusion.
Figure 8.24. Maxillary diagnostic cast.

Figure 8.27. Laboratory lateral view after the mandibular teeth were
extracted from the mandibular diagnostic cast.

Figure 8.25. Mandibular diagnostic cast that was used to fabricate the
DIEMT denture.

8.28). The result was a larger volume within the intaglio sur-
face, which would mean less adjustment at the insertion
appointment.

Appointment 6. Wax Try-In (1/2 Hour)

The wax try-in was accomplished in conjunction with the
maxillary immediate denture series of appointments (Fig-  Figure 8.28. Intaglio surface of the DIEM™ denture. The volume was
ure 8.29). significantly bigger than a traditional immediate denture.
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Figure 8.29. Waxed dentures prior to processing.

Figure 8.30. The processed mandibular DIEM™ denture.

Laboratory Procedures/Work Orders
for Processing Dentures

The dentures were waxed, processed, and finished in con-
ventional fashion. The maxillary denture was inserted first,
as previously noted. The DIEM denture was completed at
the same time (Figure 8.30). The DIEM denture was con-
toured significantly differently as compared to a conven-
tional immediate denture. The flanges were significantly
shorter and the retromolar pads were not covered. The
DIEM denture was duplicated in clear acrylic resin for use
as a surgical guide (Figure 8.31).

The work orders for the DIEM denture and surgical guide
are located in Table 8.4.
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Figure 8.31. The processed surgical guide was made in clear acrylic
resin (top); DIEMT™ denture (bottom).

TABLE 8.4. Work Orders for Fabrication of DIEM
Denture

Enclosed:
1. Articulator mounting of maxillary diagnostic cast of
a complete denture
. Mandibular waxed denture
. Set teeth in tight Class | centric occlusion
Balancing contacts are not required
Wax final contours
Process in heat-cured acrylic resin
Remount and correct for occlusal processing error
Finish and polish
Duplicate in clear acrylic resin for use as a surgical
guide
10. Finish and polish the surgical guide
11. Return to the periodontal office

CEINOGBWN

Appointment 7. Implant/Prosthesis Placement
Surgical Protocol (2 1/2 Hours)

The pre-operative consent form was signed and wit-
nessed. It was confirmed by the surgical implant coordina-
tor that the pre-operative antibiotics were taken and the
patient was ready to proceed.



Figure 8.32. With the patient seated upright and her head unsup-
ported, dots were placed on the patient’s nose and chin. This mea-
surement was recorded.

Figure 8.33. This photograph identified the increase in the vertical
dimension of occlusion as measured with a reclined patient.

The patient was gowned and moved into the surgical suite.
While she was seated upright, with her head unsupported,
the vertical dimension of occlusion (VDO) (Figures 8.32
and 8.33) was identified by placing marks on the nose and
chin. These marks were transferred to a tongue blade and
measured. Typical measurements generally range
between 60 and 70 mm.

Monitoring equipment was placed on the patient for blood
pressure, EKG, and oxygen saturation. The intravenous

Figure 8.34. Intra-oral image with surgical guide/inter-occlusal
record/maxillary denture in place. The inter-occlusal record
facilitated accurate repositioning of the surgical guide against
the maxillary denture.

Figure 8.35. A full thickness mucoperiosteal flap was reflected prior to
extraction of the remaining mandibular teeth.

line was placed and sedation was started with Diazepam
(Diazepam Injection, USP, Hospira, Inc., Lake Forest, IL).
Local anesthesia was administered via bilateral inferior
alveolar nerve blocks along with papillary and sulcular infil-
tration with 2% Xylocaine (Lidocaine) with 1:100,000 and
1:50,000 epinephrine. The pre-operative inter-occlusal
record that was made in the laboratory using the maxillary
denture and the DIEM denture was tried in (refer to Figure
8.23). This registration was made as a full arch record and
has proven to be useful in aiding implant surgeons with
accurate positioning of the surgical guides and DIEM den-
tures during surgery (Figure 8.34).

The remaining mandibular teeth were removed (Figure
8.35). The appropriate amount of alveolar bone reduction
was determined from the radiographic studies and is criti-
cal for successful treatment. The initial amount of alveolar
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Figure 8.36. The tentative level of the alveolectomy was identified with
a #2 round bur.

Figure 8.37. The perforations were connected with a coarse diamond
bur.

reduction was marked on the labial aspect of the alveolus
using a #2 round bur (Figure 8.36). This mark was pushed
through the alveolus to penetrate the lingual plate. Con-
necting the perforations with a cutting bur completed the
alveolectomy (Figure 8.37).

The occlusal aspect of the alveolus was flattened with a
slight lingual inclination from the distal-most implant site on
the right to the distal-most implant site on the left (Figure
8.38). The surgical guide was positioned and the VDO was
evaluated for accuracy by guiding the patient into centric
occlusion with the inter-occlusal record. Adjustments were
made in both the surgical guide and the mandibular alveo-
lar ridge. The flanges of the surgical guide were reduced.
These adjustments permitted the surgical guide to be
accurately positioned into the surgical site without increas-
ing the VDO. Accurate positioning of the surgical guide
facilitated accurate implant placement. The windows cor-
responding to the planned implant locations within the sur-
gical guide were enlarged or connected by removing the
interdental septum.
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Figure 8.38. The edentulous mandible immediately post alveolectomy,
prior to preparation of the osteotomies.

Figure 8.39. The surgical guide in place with the inter-occlusal record
against the maxillary denture at the predetermined vertical dimension of
occlusion. Adjustments were made in both the alveolus and the surgical
guide in order to accurately seat the surgical guide at the pre-operative
VDO.

After the alveolectomy was completed, the inter-occlusal
record (Blu Mousse®, Parkell Bio-Materials Division, Farm-
ingdale, NY) was positioned on the maxillary denture and
the surgical guide was inserted into the bite registration
(Figure 8.39). This was inserted into the mouth and the
patient closed into the intaglio surface of the surgical
guide. Vertical marks were cut on the acrylic resin labial
flange of the surgical guide and were extended on to the
labial bone. These lines aided in accurately positioning the
surgical guide in its correct position relative to the alve-
olectomy and planned osteotomy sites.

A round bur was used in the planned implant locations with
the surgical guide in place. Twist drills were next used to
sufficient depths to accept the guide pins (Figure 8.40). A
panoramic radiograph was taken that identified the two-
dimensional positions of the osteotomies and guide pins rel-
ative to the mental foramen and inferior alveolar nerves (Fig-



Figure 8.40. Twist drills were used to prepare the osteotomies to suffi-
cient depths for placement of the directional guide pins.

Figure 8.41. Intra-operative panoramic radiograph with directional
guide pins in place.

ure 8.41). Modifications in angulation were made with the
twist drills in establishing the desired orientations around
the arch. Slight angulation changes may be cautiously
accomplished with shaping drills. The normal protocol for
implant placement was followed through to completion.

The osteotomies were completed and six implants were
placed. All of the implants obtained insertional torque val-
ues of at least 30 Ncm. This value is recommended as the
minimal threshold for primary stability. If 30 Ncm is not
obtained for a given implant, it should not be used to retain
the DIEM denture. At least four implants are recommended
for a successful DIEM protocol.

Figure 8.42. Clinical appearance of six mandibular implants with fixture
mounts in place.

Figure 8.43. Intaglio surface of the DIEM™ denture after an impres-
sion was made of the implants and fixture mounts prior to abutment
placement.

While the fixture mounts were still on the implants (Figure
8.42), an impression (Blu Mousse®, Parkell Bio-Materials
Division, Farmingdale, NY) was made using the DIEM den-
ture as the impression tray (Figure 8.43). The preexisting
inter-occlusal record was in place on the occlusal surface
of the maxillary denture and the patient was guided into
centric occlusion. This impression was transferred to the
prosthodontist’s laboratory technician to facilitate prepara-
tion of the DIEM denture. The prosthodontic laboratory
technician created holes within the DIEM denture base
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Figure 8.44. Holes were prepared completely through the denture
base corresponding to the locations of the fixture mounts within the
impression.

Figure 8.45. I0L® Abutments in place prior to flap closure (IOL® Abut-
ment, inset).

consistent with the impressions of the fixture mounts (Fig-
ure 8.44).

In previous protocols, this impression was made and the
holes were placed after the patient had been transferred
from the surgical office to the prosthodontist’s office. This
procedure usually required approximately 20 minutes to
complete. With this newer protocol, the DIEM™ denture
was being prepared at the same time as the surgeon was
closing the wound. This modification has decreased oper-
ating times by 30 minutes.

IOL® Abutments (IOL30, 10L40) were placed onto the
implants and the tissue was sutured around them (Figure
8.45). The abutments were torqued to 20 Ncm with a
torque driver. IOL® Abutments were selected so that the
collars were at or above the gingival margins of the tissue
after suturing. The patient was transferred to the prostho-

190 Implant Restorations

Figure 8.46. I0L® Temporary Cylinders in place on the anterior four
implants (IOL® Temporary Cylinder, inset).

dontist’s office for completion of the prosthetic phase of
treatment. If the completion of the prosthesis will not be
accomplished on the same day as the surgery, the sur-
geon prior to discharge would place I0L® Healing caps.

Prosthetic Protocol (2 1/2 Hours)

The patient was seated in the prosthodontic operatory.
IOL® Temporary Cylinders (IOLTC) were placed onto the
IOL® Abutments with laboratory screws (WSK15) (Figure
8.46). The initial adjustments were made so that the DIEM
denture fit around the cylinders without regard to occlusal
interferences.

After these adjustments were made, estimates were made
relative to the heights of each IOL® Temporary Cylinder. The
temporary cylinders were removed from the abutments
and were sectioned with a separating disc in the labora-
tory. The lab screws also had to be reduced in height. Slots
were prepared into the occlusal aspects of the screws as
the large hexes were removed with the preparations.
Adjustments were made until the DIEM denture went to
place without violating the pre-operative VDO. In this case,
only the posterior IOL® Temporary Cylinders had to be
adjusted (Figure 8.47).

A rubber dam (Hygenic Non-Latex Flexi-Dam,
Coltene/Whaledent Inc., Mahwah, NJ) was cut to fit
around the IOL® Temporary Cylinders (Figure 8.48). The
rubber dam served to separate the surgical field from the
prosthetic field. Autopolymerizing acrylic resin was mixed
per the manufacturer’s instructions. A dental assistant
loaded the intaglio surface of the DIEM denture, while the
author injected resin around the IOL® Temporary Cylinders
intra-orally. The denture was seated and the patient was
guided into centric relation via the preexisting inter-



) . o . . Figure 8.49. The patient was guided into centric occlusion after
Figure 8.47. The posterior IOL" Temporary Cylinders on both sides autopolymerizing acrylic resin was injected around the I0L® Temporary
had to be adjusted to provide adequate inter-occlusal clearance. Cylinders and the intaglio surface of the DIEM™ denture was filled with

the same resin.

Figure 8.50. The rubber dam was retained around the IOL® Temporary

Figure 8.48. Rubber dam in place around the IOL® Temporary Cylinders.
Cylinders.

occlusal record, at the predetermined VDO (Figure 8.49).
Water irrigation was used, along with high vacuum suction
to minimize the amount of heat generated as the resin
polymerized.

After the resin completed its set, the screws that retained

the DIEM denture to the IOL® Abutments were removed.

With removal of the DIEM denture, the rubber dam

remained attached to the intaglio surface of the prosthesis

(Figure 8.50). The rubber dam was removed from the den-

ture and IOL® Abutment analogs were placed onto the api-  Figure 8.51. 10L° Abutment lab analogs were placed onto the apical
cal portions of the IOL® Temporary Cylinders within the  surfaces of the IOL® Temporary Cylinders prior to filling any voids with
denture (Figure 8.51). acrylic resin.
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Figure 8.52. Acrylic resin was added to fill any voids that existed
around the I0L® components.

Additional resin was used to fill voids around the implant
restorative components on the occlusal and intaglio sur-
faces of the DIEM denture (Figure 8.52). The denture was
placed into a pressure pot (120° water, 15 psi) for 10 min-
utes. The DIEM denture was finished and polished per
conventional prosthodontic techniques (Figures 8.53 and
8.54).

The IOL® Abutments were torqued to 20 Nem with the
Restorative Torque Indicator (RTI2035) (Figure 8.55). The
DIEM denture was placed onto the I0OL® Abutments with
laboratory screws and the occlusion was adjusted to pro-
vide even occlusal contacts throughout the prosthesis. The
DIEM denture was placed onto the IOL® Abutments defini-
tively with Gold-Tite™ Hexed Screws (GSH30) that were
torqued to 10 Ncm with the Restorative Torque Driver. Cot-
ton was placed into the screw access openings (Figure
8.56) and the openings were restored with light cured com-
posite resin (Figure 8.57). The patient was discharged with
a fully functional occlusion approximately five hours after
multiple extractions, alveolectomy and implant placement
(Figures 8.58, 8.59, 8.60, 8.61).

Postoperative Instructions

Postoperative instructions were given to the patient in both
written and verbal formats (Table 8.5). The patient was dis-
charged in excellent condition.

Appointment 8. Prosthetic Follow-Up
Appointments (1/2 Hour)
24-Hour Follow-Up Appointment (1/2 Hour)

The patient returned for this appointment and reported that
she was extremely pleased with the results of yesterday’s

192 Implant Restorations

Figure 8.53. Laboratory anterior view of completed DIEM™ denture.

Figure 8.54. Laboratory view of the completed intaglio surface of the
DIEM@™ denture.

Figure 8.55. The IOL® Abutments were torqued to 20 Ncm with the
Restorative Torque Indicator-triangle to triangle.



Figure 8.59. Left anterior clinical view of patient in centric occlusion
just prior to discharge.

Figure 8.56. Cotton was placed into each screw access opening as
fillers prior to restoring with composite resin (Hexed Gold-Tite™ screw
[GSH30], inset).

Figure 8.60. Right anterior clinical view of patient in centric occlusion
just prior to discharge.

Figure 8.57. Clinical occlusal view of the completed DIEM™ denture
with composite resin restorations in place.

Figure 8.58. Anterior clinical view of patient in centric occlusion just Figure 8.61. Clinical extra-oral facial view of the patient at the time of
prior to discharge. discharge.
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TABLE 8.5. Post Operative Instructions

1. Place ice compresses to the right and left sides of
your lower jaw: 20 minutes on, 20 minutes off for
the next 12 hours.

Maintain a liquid diet with dietary supplements
such as Instant Breakfast, Ensure, and so on.
Take the antibiotics as prescribed.

Take the pain pills as prescribed.

Do not worry about your oral hygiene at this time.
Take your upper denture out for nighttime sleep.
Sleep with one extra pillow.

Do not suck on straws.

Return for the first postoperative visit tomorrow.

. Get a good night’s sleep.

N
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Figure 8.62. Clinical facial intra-oral view of the patient one day
postoperative.

treatment. She had minimal discomfort and swelling. She
was pleased with the aesthetic results of treatment as well
(Figure 8.62).

Oral hygiene was demonstrated to the patient with a soft
toothbrush. The toothbrush was to be placed at the junc-
tion of the DIEM denture, IOL® Abutments, and mandibular
peri-implant soft tissues. The brush was to be moved back
and forth, with minimal pressure. At this point in time, the
brush was used to remove macroscopic debris. Chlorhexi-
dine (0.12%) was to be placed onto the toothbrush to
place the mouthwash in and around the surgical sites. This
was to be accomplished two times per day until the next
scheduled visit in one week.

The patient was advised to continue taking the antibiotics
until all of the pills were taken.

She was urged to continue with the soft diet as prescribed
immediately post operative.
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Figure 8.63. Clinical facial intra-oral view of the mandibular DIEM™
denture one week postoperative.

Figure 8.64. Clinical facial intra-oral view of the mandibular DIEM™
denture four weeks postoperative.

One-Week Follow-Up Appointment (1/2 Hour)

The patient presented for this appointment and continued
to do well. She reported a complete absence of pain and
was no longer taking any analgesics. Her mouth felt com-
fortable. She was very pleased with the results of treatment
(Figure 8.63).

Four-Week Follow-Up Appointment (1/2 Hour)

The patient continued to do well. She was still eating a soft
diet. She noticed more space inferior to the intaglio surface
of the DIEM denture (Figure 8.64).

Superfloss® (Oral B Laboratories, lowa City, IA) was intro-
duced to the patient at this appointment and she was
advised that she could discontinue the use of 0.12%
chlorhexidine.

The patient was discharged after being scheduled to
return in four weeks for continued follow up.



Figure 8.65. Panoramic radiograph one year post insertion of the
DIEM™ denture.

Eight-Week Follow-Up Appointment (1/2 Hour)

The patient continued to do extremely well. She was very
pleased with the aesthetic, phonetic, and functional results
of treatment. She reported no difficulties with any oral
hygiene procedures.

The physical examination was within normal limits. The
occlusion was stable with bilateral posterior contacts. The
intra-oral soft tissues were normal and her plaque removal
was excellent.

She was advised to return to a normal diet and complete
function without any restrictions.

Appointment 9. One-Year Recall (3/4 Hour)

The patient returned approximately one-year post extrac-
tion, alveolectomy, implant placement, and insertion of the
DIEM denture. She was extremely pleased with the aes-
thetic, phonetic, and functional portions of the treatment.
She had absolutely no complaints relative to diet or oral
hygiene.

Radiographs

Prior to this visit, a panoramic radiograph was taken (Fig-
ure 8.65). It demonstrated minimal occlusal bone loss and
excellent macroscopic bone/implant contact. There were
no radiolucencies.

Clinical

The clinical examination consisted of evaluating the occlu-
sion, soft tissue contours, and oral hygiene (Figures 8.66,
8.67, 8.68). All of these were within normal limits.

Figure 8.66. Clinical anterior intra-oral view of patient one year post
insertion of the DIEMT™ denture.

Figure 8.67. Clinical left lateral intra-oral view of patient one year post
insertion of the DIEM® denture.

Figure 8.68. Clinical right lateral intra-oral view of patient one year post
insertion of the DIEM® denture.

Chapter 8: Treatment of the Edentulous Mandible with an Immediate Occlusal Loading® Protocol 195



TABLE 8.6. Lab Fees, Component Costs, Overhead, Fees, and Restorative Profits

Fixed

Laboratory
Chair Time Overhead Expenses

Casts $60

Articulation $50

Record bases $50

Denture set up $250

Processing $100
4 hours $350/hr = $1400 Sub Total $510

Implant Components

IOL® Temp cylinders $210

IOL® Analogs $111

Polishing protectors $90

Lab screws $150

Abutment Screws $330

Sub Total $891
TOTALS $1400 $1401
Professional Fee $4000
Costs (fixed overhead and laboratory expenses) $2801
Profit (fees less costs) $1191
Profit per hour ($1191/4 hr) $ 300

Impression copings and lab screws may be used multiple times, therefore costs will be decreased for each suc-
ceeding case and profits will be increased. Analogs should not be re-used.

In the absence of any clinical problems, the author did not
remove the DIEM denture. However, if there had been any
abnormalities, the DIEM denture could have been removed
by removing the composite resin screw access opening
restorations, locating the retaining screws, and unscrewing
them from the IOL® Abutments. The IOL® Abutments
would then have been evaluated for tightness and mobility.
The IOL® Abutment screws would have been retorqued to
20 Ncm with a torque instrument. Depending on the clini-
cal conditions, radiographs would have been taken and
evaluated (Figure 8.69).

Definitive Prosthesis (CAD/CAM Framework)

The DIEM®@ Protocol calls for fabrication of a definitive
prosthesis with a CAD/CAM framework as discussed in
Chapter 7 (Lazzara and others 2003).

Costs/Fees/Profitability

The following discussion (Table 8.6) relative to fees is
reflective of 2006 in the Midwestern United States. The
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Figure 8.69. Panoramic radiograph of a patient who lost one implant
approximately eight weeks post implant placement. The unused implant
did not achieve an insertional torque value of 20 Ncm and therefore was
not used per the DIEMT™ protocol.



costs of the implant components are retail prices from
Implant Innovations, Inc., Palm Beach Gardens, Florida.

Surgeon: C Garry O’Connor, DDS, MS, Gundersen
Lutheran Medical Center, LaCrosse, Wisconsin

Dental laboratory technician: Andrew Gingrasso, Gunder-
sen Lutheran Medical Center, LaCrosse, Wisconsin
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Chapter 9: Immediate Non-Occlusal Loading Provisional
Restoration; Definitive Restoration Maxillary

Central Incisor

LITERATURE REVIEW

Since the advent of Branemark’s concept of osseointegra-
tion, the two-stage surgical approach has been the
accepted protocol for endosseous implants (Branemark
and others 1977). Other researchers questioned the valid-
ity of this protocol by introducing the concept of a single
stage surgical protocol but using the original unloaded
healing times of 3-6 months (Buser and others 1988). More
current reports suggest that implants designed for two-
stage surgical protocols can osseointegrate in predictable
fashion, with high Cumulative Survival Rates (CSRs), with
single-stage surgical protocols (Becker and others 1997,
Garber and others 2001; Cooper and others 2001).

Immediate Occlusal Loading® of multiple, splinted
implants has already been discussed in Chapter 8 and is
not repeated here. The reader is reminded that Immediate
Occlusal Loading®, with high CSRs, has been recognized
as a protocol involving multiple, splinted mandibular
implants that have been placed and restored within three
days of the surgical procedures (Schnitman and others
1997; Testori and others, 2003).

Treatment in the aesthetic zones of partially edentulous
patients presents clinicians with numerous challenges
including, but not limited to: the presence or absence of
gingival papillae; gingival symmetry; location of implant
restorative platforms; emergence profiles of the implant
restorations; and clinical restorations that replicate the
remaining natural teeth (Saadoun and Sebbag 2004).

Alterations in both the hard and soft tissues in extraction
sites and the adjacent natural teeth may result in edentu-
lous sites that are not appropriate for implant placement
without additional surgical procedures (Figure 9.1). With
older protocols, a healing time of 9-12 months was recom-
mended after extraction prior to implant placement (Adell
and others 1981). Other researchers have advocated im-
mediate or delayed immediate implant placement (Schulte
and Heimke 1976; Tarnow and Fletcher 1993; Cooper and
others 2001). Aesthetic success in the aesthetic zone
depends on harmony and anatomical contours of the hard
and soft tissues (Wohrle 1998).

Wohrle reported on the success of 14 consecutive cases in
which he extracted nonrestorable teeth, placed tapered

Figure 9.1. Occlusal view of a partially edentulous anterior maxillary
ridge 14 months post extraction. Note the collapse of the ridge in the
area of the missing right central incisor.

implants with various surfaces, and restored them with pro-
visional restorations on the same day (Wohrle 1998). It
should be noted that none of the restorations had any
occlusal contacts and patients were instructed to avoid
using the implants and restorations for periods up to six
months postoperatively. All of the implants achieved inser-
tional torque values of at least 45 Ncm. This was a quanti-
tative measurement of implant primary stability. Two of the
implants were followed for 31-36 months; two for 25-30
months; five for 19-24 months; 12 for 13-18 months; 14 for
7-12 months; and 14 for 0-6 months. None of the implants
was lost, and change in the levels of the soft tissues sur-
rounding the restorations was greater than 1 mm in just two
patients. Soft tissue loss never exceeded 1.5 mm for any
restoration, and Wohrle considered that the harmony and
continuity of the hard and soft tissues were predictably
achieved in all cases (Figures 9.2 and 9.3).

Hui and others (2001) reported on the results of a clinical
study that provided immediate, non-occlusal loading
restorations in the anterior maxillary aesthetic zone for 24
patients. Thirteen of the 24 patients had immediate implant
placement after tooth extraction. Primary implant stability
was defined as insertional torque values of at least 40
Ncm, and none of the restorations had occlusal contacts
in centric or eccentric positions. The follow-up periods
ranged from one to 15 months, and all of the implants were
reported to be stable. The aesthetic results were consid-
ered to be satisfactory by all patients.
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Figure 9.2. Intra-oral view of a provisional restoration (INOL) without
occlusal contacts that restored an implant that replaced a maxillary left
lateral incisor on the day of surgery.

Figure 9.3. Definitive restoration 12 months post insertion of the
implant in Figure 9.2.

Kan and others (2003) performed a study similar to those
noted above with 35 patients. Thirty-five threaded hy-
doxyapatite-coated implants were placed and restored
with non-occlusal load provisional restorations immediately
post implant placement. The implants were placed with pri-
mary stability, but the authors did not define this term
quantitatively. Kan reported that, at 12 months, all of the
implants were osseointegrated with mean midfacial gingi-
val level and mesial/distal papillae level changes from pre-
treatment to 12 months post treatment of —0.55 = 0.53
mm, —0.53 £ 0.39 mm, and —0.39 = 0.40 mm, respec-
tively. Kan reported that all of the patients were pleased
with the aesthetic results. Kan concluded that favorable
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Figure 9.4. Intra-oral view of a large fenestration within the alveolus
after extraction of the maxillary right second premolar. This patient was
not a candidate for immediate implant placement because of the defect
and the need for bone grafting prior to implant placement.

CSRs, peri-implant tissue responses and aesthetic out-
comes could be achieved predictably with this protocol.

Other authors have also demonstrated predictable, high
CSRs with minor variations of the immediate non-occlusal
protocols (INOL) identified above (Saadoun and Sebbag
2004; Drago and Lazzara 2004). Successful treatment
appears to be dependent on implant primary stability
(insertional torque values of at least 35 Ncm at implant
placement); the absence of infection or fenestrations of the
alveolus (Figure 9.4); and provisional restorations that are
out of occlusion in all mandibular movements.

However, there are also several studies that restored
immediate, single-tooth, unsplinted provisional restorations
with occlusal contacts at the time of implant placement
(Ericsson and others 2000; Chaushu and others 2001).
Ericsson reported that two of the 12 implants that were
restored with this protocol failed within five months of
implant placement. Chaushu reported that the one-year
CSR for the immediately loaded single-unit implants,
placed into fresh extraction sites, was 82.4%. For those
implants that were placed into healed edentulous sites, the
CSR was 100%. Chaushu and others concluded that an
Immediate Occlusal Loading® protocol for single-unit im-
plants may have higher-than-acceptable failure rates and
that this protocol, if used, should be used only in healed
extraction sites.

Immediate Non Occlusal Loading (INOL) is a protocol that
is generally restorative driven, in that a fixed restoration is
to be placed at the time of implant surgery. With this proto-



TABLE 9.1. Immediate Non-Occlusal Loading (INOL) Protocol for Single, Unsplinted Provisional
Implant Restorations
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col, patients will not have to wear any sort of removable
prosthesis. The implant surgeon and restorative dentist
have to be prepared for multiple contingencies related to
the proposed surgery: quality and quantity of bone; im-
plant primary stability (35 Ncm); and location of the gingi-
val margins. If any of the above criteria are not satisfied in
a given situation, an implant may or may not be placed; a
provisional implant restoration may or may not be placed
(Table 9.1). This protocol may be said to be restorative
driven but surgically determined.

CLINICAL CASE PRESENTATION
Appointment 1. Initial Clinical Visit (3/4 Hour)

A 19-year-old female patient presented to the author with a
chief complaint of: “Evaluation of my missing upper-left
front tooth.”

History of the Present lliness

The dental history relative to tooth #9 included trauma to
the anterior maxillae approximately five years previously.
As reported by an oral surgeon, the incisal edge of the
maxillary left central incisor was approximately 3 mm  Figure 9.5. Radiograph at the time of the initial presentation that
shorter than the right central incisor (Figure 9.5). Ankylosis  demonstrated ankylosis of the maxillary left central incisor.
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Figure 9.6. Radiograph approximately nine months post extraction of
the maxillary left central incisor. There appeared to be adequate bone
volume for implant placement.

Figure 9.7. Pre-operative clinical view of the patient as she presented
to the author, with the removable partial denture in place.

was the diagnosis, and the tooth was treatment planned for
extraction and replacement with a removable partial den-
ture. The tooth was extracted uneventfully and the oral
surgeon placed the immediate partial denture. The extrac-
tion site was allowed to heal for nine months (Figure 9.6).

The patient presented to the author’s office approximately
12 months post extraction (Figures 9.7 and 9.8).

Radiographs

Pre-operative radiographs consisted of single periapical
and panoramic radiographs. Based on the clinical exami-
nation and anatomic location, the implant surgeon decided
that a CT scan was not necessary.

Physical Examination

This patient presented with an otherwise intact dentition
and mild gingivitis and was caries free (Figure 9.9).

202 Implant Restorations

Figure 9.8. Pre-operative occlusal view of the anterior maxillary par-
tially edentulous ridge. There appeared to be adequate buccal/lingual
width for implant placement for the missing left central incisor.

Figure 9.9. Pre-operative labial view of the anterior maxillary segment
that demonstrated adequate restorative volume for an implant restora-
tion for tooth #9.

Diagnostic Casts

Diagnostic casts were fabricated from alginate impres-
sions. A denture tooth was used to identify the optimal
location for the implant-retained crown (Figures 9.10 and
9.11).

Surgical Guide

The surgical guide was required to identify the optimal
location of the planned implant restoration. The surgeon
needed to know the three-dimensional position of the
planned implant restoration in order to place the implant in
its correct location. The surgical guide was made by dupli-
cating the diagnostic cast with the denture tooth in place,
pouring that impression in dental stone, and then making a
vacuum-formed matrix (125 mm Biocryl Material, Great
Lakes Orthodontics, Tonawanda, NY) (Figure 9.12). The
author has found it prudent to make the surgical guide on
a duplicate cast because the cast is generally damaged
during fabrication of the surgical guide.



Figure 9.10. Labial view of the maxillary diagnostic cast with denture
tooth in place before making the surgical guide.

Figure 9.11. Laboratory occlusal view of the diagnostic cast with den-
ture tooth in place before making the surgical guide.

Diagnoses
The following diagnoses were developed:
1. Partially edentulous maxilla secondary to trauma

2. Adequate bone volume for implant placement (Tooth
#9)

3. Adequate restorative volume for implant restoration
(Tooth #9)

4. Chronic mild gingivitis (Type I)

Prognosis

Based on the patient’s age, residual alveolar ridge, occlu-
sion, and overall general health, the author felt that the
prognosis for this patient’s treatment was excellent.

Appointment 2. Consultation Restorative
Dentist/Patient (1/2 Hour)
Treatment Options

The patient returned for the definitive consultation appoint-
ment during which three treatment plans were presented.
The first treatment option described placement of a 5 mm

Figure 9.12. Surgical guide in place on the diagnostic cast. The guide
was modified specifically to include the optimal location of the gingival
margin for the implant restoration. The surgeon needed this landmark to
place the implant in its proper vertical position.

diameter implant with primary stability (at least 35 Ncm
insertional torque), placement of an interim abutment and
provisional crown without occlusal contacts, and osseoin-
tegration and fabrication of the definitive implant-retained
crown (Table 9.2). The second treatment option described
the replacement of the maxillary left central incisor with a 3-
unit fixed partial denture (Table 9.3). The third treatment
option deferred prosthetic treatment at this time (Table 9.4).

Benefits and limitations of each treatment option were
described in detail on the written treatment plans. The
prosthodontic fees, or ranges of fees for each procedure,
were also listed on each treatment plan. The patient was
given copies of the treatment plans. The patient agreed to
proceed with the first treatment plan, including implant
placement, and was referred to an oral surgeon for the sur-
gical diagnostic work-up.

Appointment 3. Consultation Restorative
Dentist/Surgeon (1/2 Hour)

This appointment generally takes place before or after nor-
mal business hours and should precede the surgeon’s
examination appointment. It may occur at lunch, at either
practitioner’s office, or at another convenient location. This
consultation is critical for the long-term functional and aes-
thetic success of implant treatment. It is essential that the
restorative dentist explain to the surgeon the physical and
radiographic findings, the diagnosis, and the treatment
options that were explained to the patient. This particular
case presentation was technically demanding, and the
consultation between restorative dentist and the oral sur-
geon was completed within 30 minutes.

Number/Size of Implant

In this case, the patient was missing a single tooth and
appeared to have adequate space for both the surgical
and prosthetic phases of implant treatment. The author
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TABLE 9.2. Treatment Plan #1 (Implant Restoration)

Diagnosis: Partially edentulous maxilla secondary to trauma

Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Diagnostic wax pattern (#9) D9999
Surgical guide D5988

Referral to oral surgical office:

1. Evaluate and treat for replacement of the missing maxillary left central incisor with an Immediate Non
Occlusal Loading Protocol (INOL).

2. Place a 5 mm diameter, internal connection implant with a single-stage protocol, if possible.

3. The implant should have primary stability as defined by insertional torque value of at least 35 Ncm. If the
implant does not achieve this insertional torque value, place a healing abutment with the following dimen-
sions: 5 mm restorative platform, 6 mm emergence profile, 2-4 mm collar height (IWTH562, INTH563 or
IWTH564).

4. An interim abutment (GingiHue® Post 5 mm restorative platform, 6 mm emergence profile, 4 mm collar
height, IWPP564G) should be placed at the time of surgery. The abutment screw (IUNIHG) should be hand
tightened.

5. Discharge the patient back to the author for fabrication of the INOL provisional restoration.

6. Postoperative instructions.

Restorative reevaluation D0140
Pre-machined interim implant
abutment and INOL provisional

restoration D6056
Osseointegration
Custom implant abutment D6057
Abutment supported porcelain fused

to metal crown (noble metal) D6061
Yearly recall appointment D0120
Periapical radiograph D0220

Benefits of Treatment Plan #1

The missing tooth in the front part of the upper jaw will be replaced with an implant restoration that will not be remov-
able by the patient. Occlusion (bite) will be optimized. Patient should enjoy improved function with good aesthetics
on a long-term basis. Some of the services may be eligible for payment under your medical insurance policy
because the permanent tooth was lost secondary to an accident. The teeth adjacent to the missing tooth will not
have to be prepared for crowns (caps).

Limitations of Treatment Plan #1

Cost, complexity, and length of treatment (4-12 months). Implants are generally successful in the front part of the
upper jaw approximately 96-98% of the time. For this protocol to be successful, the patient must agree to COM-
PLETELY avoid placing food anywhere near or on the temporary crown for at least two months after the implant has
been placed. Chewing on the temporary crown before the implant has bonded into the bone WILL jeopardize heal-
ing and may result in loss of the implant. If you admit to chewing on the implant, additional fees will be charged to
you for redoing the treatment. Additional treatment, including bone grafting, may be necessary. The implant has to
be placed optimally and be tight enough at the time of placement for the above treatments to be accomplished. If
the implant cannot be placed optimally or it is not tight enough in the bone, changes in the treatments (surgical and
prosthetic), fees, and designs will be likely. After the treatment has been completed, the patient needs to return to
this office at least once per year (may be in conjunction with planned recall appointments) for follow-up, which will
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TABLE 9.2. Treatment Plan #1 (Implant Restoration) (continued)

include radiographs (x-rays) to assess osseointegration of the implant, status of the occlusion, health of the soft tis-
sues, and the integrity of the implant/abutment connection. This treatment plan itemizes only the prosthetic phase

of treatment.

Patient signature

Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,

211 East Chicago Avenue, Chicago, IL 60611

suggested that a 5 mm diameter implant with an internal
connection be placed because this size implant most
closely approximated the size of the missing tooth. The
surgeon would determine the shape of the implant body at
the time of implant placement. In this case, the oral sur-
geon preselected a tapered implant (OSSEOTITE®
Certain® 10SS515) (Figure 9.13).

Implant/Abutment Connection

The 3i® internal connection implant was designed with a 4
mm long implant/abutment connection (refer to Chapter 5,
Figure 5.15). The reader is referred to Chapter 5 for a
review of the biomechanics of this connection.

Surgical Protocol

The surgical protocol for Immediate Non-Occlusal Loading
requires a single stage surgical approach. The alveolus
must be intact, and an insertional torque value of 35 Ncm is
the critical threshold for successful treatment. The surgeon
also must be sensitive to the standard parameters of
implant placement.

Interim Abutment

There are several available abutments to select from for
use with the INOL protocol: the Provide™ Abutment; the
GingiHue® Post; the ZiReal™ Post; the STA® Abutment;
and temporary cylinders and TG Posts. There are advan-
tages and disadvantages associated with the above abut-
ments. At the time this was written, the author found that
GingiHue® Posts were the abutments of choice due to their
versatility, numerous sizes (collar heights and emergence
profile diameters), relative ease of preparation, and relative
expense (Figure 9.14).

In this instance the author provided the oral surgeon with
a GingiHue® Post for a 5 mm diameter OSSEOTITE®
Certain® implant with a 6 mm emergence profile and 4 mm
collar height (IWPP564G) and a hexed try-in screw for the
internal connection (IUNITS).

Figure 9.13. Profile view of OSSEOTITE® Certain® natural taper
implant (I0SS515) used in this case.

Figure 9.14. Laboratory product images of four GingiHue® Posts: inter-
nal connection straight and 15° Pre-Angled; external connection straight
and 15° Pre-Angled, left to right.

Implant Restorative Wish List

The above concepts have proven to be excellent starting
points for discussions between the author and implant sur-
geons. A form was developed that incorporated all of the
concepts noted above and is called the Implant Restora-
tive Wish List (Table 9.5). It is now completed for each
patient and sent to the implant surgeon prior to patient
treatment.
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TABLE 9.3. Treatment Plan #2 (Fixed Bridge)

Diagnosis: Partially edentulous maxilla secondary to trauma

Restorative Services ADA # Fee
Comprehensive oral evaluation D0150
Diagnostic casts D0470
Panoramic radiograph D0330
Diagnostic wax pattern (#9) D9999
Tooth #8 (upper-right front tooth)

Porcelain Fused to Metal Retainer D6752
Tooth #9 (missing front tooth)

Porcelain Fused to Metal Pontic D6242
Tooth #10 (upper-left lateral incisor)

Porcelain Fused to Metal Retainer D6752
Yearly recall appointment D0120
Periapical radiograph D0220

Benefits of Treatment Plan #2

The missing tooth in the upper jaw will be replaced with a fixed prosthesis that will not be removable by the patient.
Occlusion (bite) will be optimized. Patient should enjoy improved function with good aesthetics on a long-term
basis.

Limitations of Treatment Plan #2

Cost, complexity, and length of treatment (1-2 months). The teeth on either side of the missing tooth will have to be
prepared (ground down) for crowns, even though neither one of them warrants such treatment. Local anesthesia
will have to be used during the preparation appointment. The pulps (nerves) in one or both teeth may become irri-
tated during the preparation procedures. The worst-case scenario would be that one or both of the teeth may war-
rant endodontic therapy (root canal treatment) during or after completion of the prosthesis. It may be slightly more
difficult for you to accomplish satisfactory levels of oral hygiene in and around the prosthesis. One or both of the
abutment teeth may be more likely to experience decay and/or periodontal (gum) disease. The patient needs to
return to this office after treatment has been completed at least once per year (may be in conjunction with planned
recall appointments) for follow-up, which will include radiographs (x-rays) to assess the integrity of the fit between
the crowns and the abutment teeth, status of the occlusion, and health of the soft tissues. Fixed bridges generally
have life expectancies of 5-12 years.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611.

206 Implant Restorations



TABLE 9.4. Treatment Plan #3 (No Definitive Treatment)

Diagnosis: Partially edentulous maxilla secondary to trauma

Restorative Services ADA # Fee
Yearly recall appointment D0120
Bitewing radiographs D0274

Benefits of Treatment Plan #3
No invasive procedures will be performed in conjunction with the missing tooth in the front part of the upper jaw.

Limitations of Treatment Plan #3

The upper-front section of the mouth may be unstable and the adjacent teeth may be subject to drifting into the
space of the missing tooth. Long-term function may be compromised by nonreplacement of the upper-front incisor.
If the teeth in this section drift and then the patient decides to proceed with prosthetic treatment, orthodontics may
be needed to put the teeth back into optimal positions prior to proceeding with definitive treatment.

Patient signature
Date

Witness

Date

ADA #'s, CDT 2005 Current Dental Terminology, Council on Dental Benefit Programs, American Dental Association,
211 East Chicago Avenue, Chicago, IL 60611.

TABLE 9.5. Implant Restorative Wish List

Tooth # 9 (Maxillary left central incisor)

Type of Implant OSSEOTITE® Certain®

Implant Restorative Platform 5.0 mm

Surgical Protocol Single-stage/INOL

Implant/Abutment Internal (Certain)

Connection

Interim Abutment GingiHue® Post: 5 mm
X 6 mm X 4 mm

Occlusal Loading Protocol Immediate Non-Occlusal
Loading

Definitive restoration 3—6 months post implant
placement Figure 9.15. Occlusal view of the completed osteotomy for the natural

taper implant used in this case.

Appointment 4. Implant and Interim Abutment
Placement (Surgical Office—One Hour)

Implant Placement and Insertional Torque

The patient was premedicated with the appropriate antibi-

otic, and local anesthesia was administered. The osteotomy

was prepared without incident. The surgeon was able to

place a 5 X 15 mm implant with 40 Ncm insertional torque

as registered on the drilling unit (Figures 9.15 and 9.16). Figure 9.16. Occlusal view of the OSSEOTITE® Certain® implant in
place.

Chapter 9: Immediate Non-Occlusal Loading 207



Figure 9.17. Occlusal view of the interim abutment in place prior to flap
closure.

Figure 9.18. Occlusal view of the interim abutment in place after the
flap was closed. The try-in screw (inset) that was provided by the author
was hand tightened by the surgeon prior to discharge.

Interim Abutment Placement

The surgeon, prior to closure, placed the interim abutment
and try-in screw that were provided by the author (Figure
9.17). It is essential for the surgeon to make sure that the
interim abutment completely seats onto the implant re-
storative platform. If it does not, the surgeon would have to
profile the surrounding bone in order to insure complete
seating of the abutment.

The surgical wound was closed and the patient was dis-
charged to the author for fabrication of the INOL provi-
sional restoration (Figure 9.18).

Appointment 5. Restorative Appointment
INOL Provisional Restoration—Same Day
(3/4 Hour)

The patient was seated in the author’'s operatory. She still
had satisfactory anesthesia.
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Figure 9.19. The interim abutment in place after the preparation was
completed.

Figure 9.20. Occlusal view of the Restorative Torque Indicator
(RTI2035) that demonstrated 20 Ncm of torque (triangle to triangle).

Abutment Preparation

The restorative procedures commenced with reducing the
lingual/occlusal surfaces of the interim abutment to provide
at least 2 mm of inter-occlusal clearance between the
mandibular anterior teeth and the interim abutment (Figure
9.19). The bulk of the reduction was performed extra-orally
so as to not generate heat or disrupt the fit between the
implant and the osteotomy. The margins of the interim
abutment were prepared so that they were approximately 1
mm sub-gingival.



Figure 9.21. The silicone mold was made from the diagnostic cast to
make the INOL provisional crown.

Immediate Non-Occlusal Loading Provisional Crown
(INOL-No Centric/Eccentric Contacts)

After the preparation was completed, the try-in screw was
removed and the definitive abutment screw (IUNIHG) was
inserted and torqued to 20 Ncm with the Restorative
Torque Indicator (RT12035) and the Large Hex Driver Tip-
Short (RASH3N) (Figure 9.20). The screw access opening
was blocked out with cotton prior to fabrication of the INOL
provisional restoration.

The INOL provisional restoration was made by using a
mold from the denture tooth set in the original diagnostic
cast (Figure 9.21). It was made using conventional fixed
prosthodontic protocols and materials (Luxatemp®, DMG,
Hamburg, Germany). The provisional crown was con-
toured for optimal emergence profiles. No occlusal con-
tacts were permitted. It was cemented with temporary
cement (IRM®, Dentsply Caulk, Milford, DE) (Figures 9.22
and 9.23).

Dietary and Oral Hygiene Instructions

Dietary restrictions were discussed for both the immediate
postoperative period and long term as osseointegration
occurred. The patient was instructed to use this implant
and restoration for speaking and smiling only. There was to
be absolutely no chewing on or near the provisional
restoration and implant.

Oral hygiene was discussed and demonstrated to the
patient with a typodont. A soft toothbrush (GUM® 468
Super Tip, Subcompact Soft, Sunstar Americas, Inc.,
Chicago, IL) was dispensed that was to clean macro-
scopic debris from around the surgical site and adjacent
teeth. Chlorhexidine 0.12% was also dispensed and the
patient was instructed to dip a cotton swab into the
chlorhexidine and then massage it in and around the INOL
provisional crown (Figure 9.24).

Figure 9.22. Facial view of the INOL provisional restoration in place
prior to discharge on the day of implant placement. Centric or eccentric
occlusal contacts were not permitted on this restoration.

Figure 9.23. Occlusal view of the INOL provisional restoration in place
prior to discharge.

Figure 9.24. Clinical demonstration of cotton swab wetted with
chlorhexidine used in and around healing abutments in a partially
edentulous patient.

Appointment 6. Reevaluation Appointment—24
Hours (1/2 Hour)

History

The patient returned on the next day and reported
absolutely no problems. Her pain was controlled with acet-
aminophen. She had minimal swelling and reported no
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change relative to phonetics. Overall, she was pleasantly
surprised with the results of treatment.

Clinical Examination

There was minimal swelling. Her occlusion remained sta-
ble and there were no occlusal contacts on the INOL provi-
sional restoration. There was no gingival recession noted
at this appointment. The implant and provisional restora-
tion were macroscopically stable and the soft tissues were
healing consistent with the time frame.

Oral hygiene and dietary instructions were reinforced. The
patient was discharged to return in two weeks or prn (as
needed).

Appointment 7. Reevaluation Appointment—10
Days (1/2 Hour)

History

The patient reported no problems in the interim since the
last appointment. She no longer needed any type of anal-
gesic medications and had finished her antibiotic as pre-
scribed. She remained pleased with the aesthetic and pho-
netic results.

Clinical Examination

The patient’s occlusion remained stable and the INOL pro-
visional restoration remained out of occlusion. The soft tis-
sues were healing consistently with the time frame with
minimal swelling. The implant and INOL provisional res-
toration remained macroscopically stable (Figure 9.25).

Oral hygiene and dietary instructions were reinforced. The
patient was discharged to return in two weeks or prn.

Appointment 8. Reevaluation Appointment—10
Weeks (1/2 Hour)

History

The patient continued to do extremely well and reported no
complaints. She reported no difficulties with oral hygiene
and continued to avoid the INOL restoration with eating.
She remained pleased with the results of treatment.

Clinical Examination

At this point, gingival recession was noted around the
INOL provisional restoration (Figure 9.26). This soft tissue
shrinkage was consistent with the time frame from the
implant surgery. Fixed keratinized tissues were noted
around the INOL provisional restoration. There was also
reasonable gingival symmetry. The interdental papilla
between the INOL provisional restoration and the maxillary
cuspid was still lacking. The occlusion remained stable
with the INOL provisional restoration out of contact in cen-
tric and eccentric occlusal positions.

210 Implant Restorations

Figure 9.25. Clinical facial view of INOL provisional restoration 10 days
post implant placement.

Figure 9.26. Clinical facial view of INOL provisional restoration 10
weeks post implant placement. Note the amount of gingival recession
that has occurred when compared to the photograph in Figure 9.25.

At this point, the implant surgery was deemed to be suc-
cessful. Another reevaluation appointment was scheduled
in approximately six more weeks. At this appointment,
definitive decisions would be made relative to osseointe-
gration of the implant and gingival symmetry.

Appointment 9. Reevaluation—12 weeks (1/2
Hour)

History

The patient again reported no adverse signs or symptoms
associated with the implant or the INOL provisional restora-
tion. She was also pleased with the overall aesthetic results
and did not want any additional surgery to “fine tune the
gum tissues.”

Clinical Examination

The patient’s occlusion remained stable and the INOL pro-
visional restoration remained without occlusal contacts.
The soft tissues had healed and the gingival margins
around the INOL provisional restoration appeared to be



Figure 9.27. Clinical facial view of INOL provisional restoration 12
weeks post implant placement.

Figure 9.28. Occlusal laboratory view of custom open tray used in the
pick-up implant impression protocol.

free of inflammation. The interdental papillae were still defi-
cient (Figure 9.27).

The implant was determined to be osseointegrated. The
clinical signs associated with osseointegration were the
following: lack of mobility, tenderness, soft-tissue swelling,
drainage, pain, and widened peri-implant space (radi-
ograph).

Diagnostic Impressions/Casts (Optional)

In this case, diagnostic impressions were not required
because the original diagnostic casts had been saved.
New diagnostic casts can be made at this point, which
would identify the locations of the implant and provisional
restoration.

Custom Impression Tray (Pick-Up Technique)

The author prefers to use pick-up implant impression cop-
ings for implant impressions. This technique requires an

Figure 9.29. Interim abutment after removal of the INOL provisional
crown. Note the amount of gingival recession that occurred with healing.

TABLE 9.6. Laboratory Work Order for Custom Open
Face Impression Tray

Patient name
Laboratory

Date

Enclosed:
1. Maxillary diagnostic cast

Please fabricate a custom open face acrylic resin
impression tray (U-shaped).
1. Place one layer of baseplate wax over the maxillary
teeth.
2. Adapt visible light cured acrylic resin material over
the baseplate wax.
3. Light cure.
4. Prepare a window approximately 10 X 10 mm over
the maxillary left central incisor.
5. Place multiple holes throughout the tray with a
number 8 round bur.
6. Finish the borders.
7. Return.

open face impression tray (Figure 9.28). The laboratory
work order for a custom open face impression tray is noted
in Table 9.6.

Appointment 10. Implant Impression (3/4 Hour)
INOL Provisional Restoration and Interim Abutment

The INOL provisional restoration was removed and the
interim abutment was completely visualized (Figure 9.29).
The soft tissues had receded approximately 3 mm from the
immediate post-implant insertion visit as determined from
the amount the abutment facial margin was supra-gingival.
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Figure 9.30. Implant restorative platform after removal of the interim
abutment. The entire implant restorative platform must be visible in
order to make an accurate implant level impression.

Figure 9.31. Implant impression coping (IWIP56) in place prior to the
final impression.

A driver (PHDO3N) was used to remove the hexed abut-
ment screw from the interim abutment. The implant restora-
tive platform was completely exposed and easy to visual-
ize (Figure 9.30).

Implant Level Impression

An implant impression coping (IWIP56) consistent with the
implant/abutment connection, emergence profile of the
interim abutment, and implant restorative platform was
placed onto the implant (Figure 9.31). A radiograph was
taken to verify that the impression coping was accurately
seated onto the implant restorative platform (Figure 9.32).
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Figure 9.32. Radiograph that demonstrated an accurate fit between
the implant impression coping and the implant.

Figure 9.33. Custom impression tray in place. Note that with the pick-
up impression technique, the impression coping screw must be visible.

The definitive impression was made using combined fixed
prosthodontic and implant techniques by injecting light
body polyvinyl siloxane impression material around the
impression coping and loading the impression tray with a
putty polyvinyl siloxane impression material (Exafast™,
NDS, GC America, Alsip, IL) (Figure 9.33). With the pick-up
impression technique, it is critical that the impression cop-
ing screw top remain visible during the impression proce-
dure.

After the impression material polymerized, the excess
material was removed from the hex of the implant impres-
sion coping screw with an explorer. The Standard Large
Hex Driver, 24 mm (PHDO3N) was used to loosen the
screw (Figure 9.34). In order to ensure that the impression
coping screw was completely free of the implant, a hemo-



Figure 9.34. Posterior Large Hex Driver, 24 mm (PHDO3N) in place
before removing the implant impression coping screw.

Figure 9.35. Hemostat in place that demonstrated that the impression
coping screw was completely free of the implant and that the impres-
sion could safely be removed.

stat was used to slightly pull the impression coping screw
vertically (Figure 9.35). If the screw is not completely free
of the implant, the impression tray must not be removed
from the mouth because the impression coping will remain
in the implant and the impression will not be accurate.

The impression tray was removed from the mouth and the
pick-up implant impression coping remained inside the
impression (Figure 9.36).

Interim Abutment Re-Preparation

The interim abutment was put back onto the implant with
the Gold-Tite™ Hexed Abutment Screw and torqued to 20

Figure 9.36. Intaglio surface of the definitive impression with the
implant impression coping securely in place.

Figure 9.37. The interim abutment was placed back into the implant
with the original abutment screw. The abutment screw was torqued to 20
Ncm and the abutment was re-prepared intra-orally with new facial sub-
gingival margins.

Ncm with the Restorative Torque Indicator (RTI2035) and
the Large Hex Driver Tip, Short (RASH3N). The abutment
was re-prepared using coarse diamond burs so that the
facial margin was slightly sub-gingival (Figure 9.37).

Provisional Crown with Occlusal Contacts

Cotton was used to block out the screw access opening
and a new provisional crown was fabricated using conven-
tional fixed prosthodontic materials and techniques (Figure
9.38). Because this implant was considered to be osseoin-
tegrated, this provisional crown was made with occlusal
contacts in centric occlusion and shared disclusion in a
protrusive position with the incisal edge of the maxillary
right central incisor.
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Figure 9.38. New provisional restoration in place. This restoration had
occlusal contacts.

Laboratory Procedures for the Master Cast

The author’s laboratory technician fabricated the master
cast. However, a commercial dental laboratory may also
fabricate the master cast (Table 9.7).

Implant Analogs

Implant analogs replicate implants that have been placed
intra-orally. After the implant analogs have been placed
appropriately within impressions and attached to the
implant impression copings accurately, they will replicate
the orientation of implants in the master cast. In this case, a
5 mm OSSEOTITE® Certain® implant lab analog was
selected (IILAWS5). The OSSEOTITE® Certain® Implant Sys-
tem features color-coding that facilitates accurate match-
ing of implant restorative components for dental assistants,
laboratory technicians, and restorative dentists. The com-
ponents for 5 mm diameter implants are color-coded gold.
The 5 mm OSSEOTITE® Certain® implant analog was
placed into the apical surface of the implant impression
coping that was inside the impression (Figure 9.39). Metal-
to-metal contact must be visualized around the entire
periphery of the impression coping/implant analog inter-
face.

The soft tissues that surround implants should be repli-
cated in a resilient material instead of die stone. This tech-
nique allows laboratory technicians to customize the
sub-gingival emergence profiles of implant restorations
consistently with the emergence profiles that were gener-
ated by clinicians via the emergence profiles of healing or
interim abutments. In this case, a resilient material manu-
factured specifically for this purpose was used (Gingival
Mask HP, Henry Schein®, Melville, NY). This material
comes in a delivery system similar to impression materials
and was injected around the impression coping/implant
lab analog junction (Figure 9.40). It was allowed to set for
approximately 10 minutes.
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TABLE 9.7. Laboratory Work Order for Construction of
Maxillary Master Cast (Implant Analog)

Patient name
Laboratory

Date

Enclosed:
1. Mandibular diagnostic cast.
2. Definitive maxillary implant impression.
a. 5 mm OSSEOTITE® Certain® implant
b. 6 mm pick-up implant impression coping in
impression

Please fabricate a maxilary master cast.

1. Place 5 mm OSSEOTITE® Certain® analog
(ILAW5-gold color) onto the apical portion of the
impression coping.

a. Make sure there is metal-to-metal contact all
around the impression coping/analog junction.

2. Place and fabricate the soft-tissue portion of the
cast with a suitable material per the manufacturer’s
instructions.

3. Pour the cast with Type IV dental stone per the
manufacturer’s instructions.

4. Pin the cast as in conventional fixed prosthodon-
tics.

5. Mount both casts on a simple hinge articulator.

6. Return to me for abutment selection.

Figure 9.39. OSSEOTITE® Certain® 5 mm implant lab analog con-
nected to the apical surface of the implant impression coping inside the
impression.

Master Cast

The impression was poured in Type IV die stone. It was
pinned in conventional fashion and mounted on a simple
hinge articulator for abutment selection (Figures 9.41,
9.42).



Figure 9.40. A resilient soft material was injected around the impres-
sion coping/implant lab analog junction to replicate the intra-oral peri-
implant soft tissues.

Figure 9.41. Laboratory occlusal view of the 5 mm diameter implant
lab analog in the master cast.

Abutment Selection

There are six key factors in determining the most appropri-
ate abutment for use in a given situation:

. Implant/abutment connection
. Implant restorative platform (diameter)
. Emergence profile of the healing or interim abutment

1
2
3
4. Depth of the peri-implant soft tissues
5. Implant angulation

6

. Inter-occlusal clearance

In this case, the inter-occlusal clearance from the implant
restorative platform to the incisal edges of the mandibular
incisors was greater than 12 mm. This fact precluded the

Figure 9.42. The master cast mounted on a simple hinge articulator
prior to abutment selection.

Figure 9.43. UCLA Abutment (IWGA51C) as received from the manu-
facturer in place on a master cast. The nylon portion of the abutment
can be adjusted by carving and/or adding wax to develop the contours
required for an aesthetic, functional implant-retained restoration.

use of stock abutments (GingiHue® Posts or ZiReal™
Posts). Screw-retained crowns are generally easier to
remove in the event that the aesthetic veneer of an implant-
retained crown fractures or an abutment screw becomes
loose. However, screw-retained crowns may sacrifice
occlusion and aesthetics, depending on the location of the
screw access opening within the crown restoration (Hebel
and Gajjar 1997).

The abutment selection process was therefore limited to
custom abutments: UCLA Abutments or definitive Encode™
Abutments. UCLA Abutments were the original custom
abutments (Figure 9.43). Stock abutments would not be
appropriate in this case because the inter-occlusal clear-
ance exceeded 10 mm. The most precise fitting UCLA Abut-
ments are made with machined interfaces and a castable
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Figure 9.44. A pre-machined, stock abutment as received from the
manufacturer (left); and two custom UCLA Abutments (right). Note the
dramatic differences in the levels of the interproximal margins created in
the custom abutments. These different levels could not have been pre-
pared into the stock abutment on the left.

Figure 9.45. This is an example of a Final Encode™ Abutment with a
gold titanium nitride coating for a maxillary right central incisor on a
master cast.

nylon pattern (IGUCA1C) (Hurson 1996). The machined
interface provides a precise implant/abutment connection,
whereas the nylon castable pattern allows dental laboratory
technicians to customize the contours of the custom abut-
ment for individual clinical conditions (Figure 9.44).

Final Encode™ Abutments are made with CAD/CAM tech-
nology, as described in Chapter 6. The two major advan-
tages with using this type of an abutment include precise
CAD/CAM machining and a gold titanium nitride coating
that can be applied to the abutment after it has been
machined (Figure 9.45).

Protocol for Fabrication of Final Encode™ Abutment

The protocol for fabrication of a Final Encode Abutment
includes a master cast of the Encode Healing Abutment,
articulator mounting (Stratos® 100 articulator), and com-
pletion of the Encode Work Order. The cast with the
Encode Healing Abutment must be poured in an appropri-
ate die stone (GC FUJIROCK® EP, GC Europe, Leuven,
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Figure 9.46. Two Encode Healing Abutments (IEHA454) in place on a
master cast (top). The Encode Healing Abutments were selected con-
sistent with the sizes of the teeth being replaced (maxillary first and
second premolars). The codes on the occlusal surfaces of the Encode
Healing Abutments must be supra-gingival in order for the optical scan-
ner to recognize them. Occlusal surfaces of Encode Healing Abutments
with 5, 6, and 7.5 mm emergence profile diameters (lower inset).

Figure 9.47. Laboratory occlusal view of the Encode Healing Abutment
(IEHA564) in place on the master cast that was used in this case.

Belgium). The cast can be made from an intra-oral impres-
sion of the Encode Healing Abutment in place on an
implant or it can be made from a laboratory impression of
an Encode Healing Abutment in place on an implant ana-
log in the analog-containing master cast. In this case, the
author made an implant level impression clinically and his
technician attached an implant analog to the implant
impression coping and poured the analog containing mas-
ter cast.

Laboratory Fabrication of Encode Master Cast

The foundation of this system is the codes that have been
machined into Encode Healing Abutments (Figure 9.46).
The codes have to be reproduced in die stone because



TABLE 9.8. Laboratory Work Order for Construction of
Maxillary Master Cast (Encode Healing Abutment)

Patient name
Laboratory

Date

Enclosed:
1. Maxillary master cast with implant lab analog for 5
mm OSSEOTITE® Certain® implant.
2. Encode Healing Abutment (IEHA564-2 pieces):
a. 5 mm restorative platform
b. 6 mm emergence profile
c. 4 mm collar height

Please fabricate a maxilary master cast.

1. Place Encode Healing Abutment into position on
the above master cast. Make sure the healing abut-
ment is completely seated onto the implant analog.

2. The codes of the healing abutment must be supra-
gingival.

3. Make an impression of the cast with a vinyl poly-
siloxane impression material.

4. Pour this impression in GC FUJIROCK® EP per the
manufacturer’s instructions.

5. Mount the maxillary Encode cast and the mandibu-
lar cast on a Stratos 100 articulator (lvoclar
Vivadent) with magnetic mounting plates.

6. Complete the Final Encode Healing Abutment work
order.

7. Ship the casts and the work order to the
ARCHITECH PSR®™ Center, Palm Beach Gardens,
FL.

The Final Encode Abutment will be returned to you for
fabrication of the crown.

the scanner is not able to read the codes from the metallic
healing abutments. These codes are optically scanned by
a digital scanner and identify the implant/abutment con-
nection, location of the implant hex, the location of the soft
tissue margins, and the emergence profile of the healing
abutment. Encode Healing Abutments can be used intra-
orally and in the laboratory. The following sequence illus-
trates the use of Encode Healing Abutments in the dental
laboratory (Table 9.8).

An Encode Healing Abutment (IEHA564) was selected that
was consistent with the size of the interim abutment (Figure
9.47). It was essential that all of the codes were supra-
gingival because the optical scanner cannot read sub-
gingival margins.

An impression was made of the master cast with the
Encode Healing Abutment in place (Figure 9.48). This
impression was poured in a low-chroma, low-value die

Figure 9.48. Intaglio surface of the vinyl polysiloxane impression of the
Encode Healing Abutment in Figure 9.47.

Figure 9.49. Laboratory occlusal view of the master cast with the
Encode Healing Abutment in die stone. This cast was scanned as part
of the protocol for fabrication of the Final Encode Abutment.

stone (GC FUJIROCK® EP, GC Europe, Leuven, Belgium)
(Figure 9.49).

This cast was mounted on a Stratos® 100 articulator
(Ivoclar Vivadent, Amherst, NY). The author’'s dental labo-
ratory technician completed the laboratory work order spe-
cific for Final Encode Abutments (Table 9.9). In this case,
the author asked for sub-gingival labial and inter-proximal
margins; the lingual margin was to be at the gingival crest.
The design also included a circumferential shoulder prepa-
ration of 1.8 mm. The author also wanted a two-plane
reduction on the labial surface of the abutment to allow for
optimal thickness of porcelain and accurate reproduction
of natural tooth contours, consistent with the contours of
the contra lateral maxillary central incisor. The work order
and the casts, not the articulator, were sent to the
ARCHITECH PSR®@ Center in Palm Beach Gardens, FL, for
scanning and fabrication of the Final Encode Abutment.
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TABLE 9.9. Laboratory Work Order for Construction of Final Encode Abutment
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Figure 9.50. This image was the first image in the CAD design
process. It was an image of the Encode Healing Abutment (die stone
cast) in place.

Figure 9.51. This was the image of the initial abutment preparation.
The computer software program removed the soft tissue from around
the abutment.

Figure 9.52. This image is similar to Figure 9.51 except that the soft
tissue was not removed.

Figure 9.53. This is an occlusal view of the CAD design for the Final
Encode Abutment. Note the circumferential shoulder.

After the above was received at the ARCHITECH™ PSR
Center, the cast was scanned and the abutment was
designed with a sophisticated computer software program
(Figure 9.50). This design was emailed to the author for
review and modification. The virtual design was then trans-
ferred to the computer-milling unit to fabricate the Final
Encode™ Abutment (Figures 9.51, 9.52, 9.53).
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TABLE 9.10. Laboratory Work Order for Construction
of Porcelain Fused to Metal Crown on Final Encode
Abutment

Patient name
Laboratory

Date

1. Block out the screw access opening of the Final
Encode Abutment with cotton.

2. Place two layers of die spacer on the abutment.

3. Wax the coping for implant #9 to full contour.

4. Cut back the wax pattern for use as a coping for a
PFM crown.

5. Cast in 60% gold alloy (IPS d.SIGN 91, Ivoclar
Vivadent).

6. Finish the casting.

7. Apply porcelain with contours that replicate those
of the natural tooth #8.

8. Stain and glaze.

9. Return the crown and casts.

Figure 9.54. The Final Encode Abutmentin place onthe master cast with
the implant analog. This image was taken atthe commercial dental lab-
oratory before waxing the coping for the porcelain fused to metal crown.

The Final Encode Abutment was completed and sent to the
author’'s commercial dental laboratory for fabrication of the
definitive crown per the original laboratory work order
(Table 9.10) (Figures 9.54 through 9.59).

Laboratory Work Orders
See Tables 9.7 through 9.10, shown previously.
Appointment 11. Abutment and Crown

Insertion (3/4 Hour)

This appointment occurred approximately four weeks after
the definitive impression described above. The patient
reported no symptoms or adverse occurrences and was
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Figure 9.55. Lingual view of the Final Encode Abutment in place on
the master cast. The author designed the lingual margin to be at the gin-
gival crest.

Figure 9.56. Laboratory view of the Final Encode Abutment and the
definitive porcelain fused to metal crown.

Figure 9.57. Laboratory view of the definitive crown on the Final
Encode Abutment. Optimal emergence profiles were developed by the
computer software program and milled into the abutment. The crown
was cast and the porcelain applied in conventional fashion.

pleased with the aesthetic, phonetic, and functional results
of the provisional implant restoration.

Interim Abutment and Provisional Crown Removal

The patient reported no problems with the provisional
restoration or implant (Figure 9.60). The upcoming proce-
dures were explained and she agreed to proceed.

The provisional crown was removed. The peri-implant soft
tissues had healed and appeared to be stable (Figure



Figure 9.58. Facial view of the definitive crown in place on the abut-
ment in the master cast. The soft tissue replica has been removed.

Figure 9.59. Occlusal view of the definitive crown in place on the abut-
ment in the master cast.

Figure 9.60. Clinical anterior view of the maxillary anterior segment
with the provisional crown in place four weeks after the definitive implant
level impression was made.

9.61). The interim abutment was removed and the implant
restorative platform was completely exposed (Figure 9.62).

Definitive Abutment Placement

The Final Encode™ Abutment was placed by seating the
abutment placement index onto the occlusal surfaces of
the adjacent teeth (Figure 9.63). A hexed try-in screw
(IUNIT) was used to retain the abutment to the implant (Fig-
ure 9.64). The abutment “clicked” into place by virtue of
the Quick Seat™ Connection.

Figure 9.61. Clinical anterior view of the interim abutment after the pro-
visional crown was removed. Note the stability of the gingival margin rel-
ative to the prepared facial margin of the interim abutment.

Figure 9.62. The implant restorative platform prior to insertion of the
Final Encode Abutment.

Figure 9.63. Clinical view of the abutment placement index seated
onto the occlusal and incisal surfaces of the teeth adjacent to the
implant site. The driver (PHDO3N) is in place.

Figure 9.64. Clinical view of the definitive abutment in place. A hexed try-
in screw (IUNIT) was used to attach the abutment to the implant (inset).
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Figure 9.65. Radiograph that demonstrated that the abutment was
accurately seated onto to the implant.

Radiographic Verification

A periapical radiograph (parallel technique) was taken
after the abutment was seated to confirm that the abutment
was seated completely into the internal connection of the
OSSEOTITE® Certain® implant (Figure 9.65). Accurate
seating of the abutment was virtually guaranteed with the
use of the abutment placement index. If the abutment was
not correctly seated into the implant, it would have to be
removed and another attempt would be required to accu-
rately seat the abutment. If the abutment could not be
accurately seated, a new implant level impression would
be indicated. The internal connection design featured in
OSSEOTITE® Certain® implants has resulted in high levels
of clinically successful implant/abutment connections
(Drago 2006).

Torque

The hexed try-in screw was removed and replaced with a
hexed Gold-Tite™ Abutment Screw (IUNIHG). This abut-
ment screw was torqued to 20 Ncm with the Restorative
Torque Driver and Large Hex driver tip (RTI2035, RASH3N)
(Figure 9.66). There should be no pain or discomfort of any
kind during this procedure. If the patient experiences any
discomfort, careful examination is warranted. Discomfort
that does not originate within the peri-implant soft tissues
should be viewed critically by clinicians because the
implant may not be osseointegrated.

Crown Try-In

The definitive crown was tried-in using conventional fixed
prosthodontic protocols: physiologic interproximal con-
tacts; accurate marginal adaptation between the abutment
and crown; and optimal occlusal relationships. A radi-
ograph was taken to verify accurate marginal adaptation
between the abutment and crown (Figure 9.67).
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Figure 9.66. A hexed Gold-Tite™ Abutment Screw (IUNIHG) was used
as the definitive abutment screw (inset). This screw was torqued to 20
Ncm with the Restorative Torque Indicator (RTI2035) and the large hex
driver tip (RASH3N).

Figure 9.67. Radiograph demonstrated excellent marginal adaptation
between the abutment and definitive crown.

Occlusion in the natural dentition has been extensively
studied, but published articles are mainly empirical in
nature, based on theories with little scientific basis for dis-
cussion (Taylor and others 2005). Most occlusion-related
therapy may be deemed successful if it is assumed that
results such as patient comfort, satisfaction, and restora-
tion durability are acceptable outcomes. Relative to
implant-supported restorations, authors have stated that
nonaxial forces to dental implants should be avoided
(Rangert and others 1989). Possible reasons to avoid non-
axial loading were that implants lack a periodontal ligament



and potential high-stress concentrations instead of uniform
compression along the implant/bone interface. Nonaxial
loading may put the implant components at risk, specifi-
cally components fastened together with screws. Taylor
and others (2005), in an extensive review of the literature,
reported that evidence is lacking regarding the effect of
nonaxial loading or overload on the integrity of the osseoin-
tegrated interface between bone and implants.

The author prefers to develop occlusal contacts on
implant-retained crowns similar to the occlusal contacts on
natural teeth: even centric occlusal contacts, no balancing
interferences, and, in this case, protrusive disclusion that
would be shared equally between the maxillary right and
left central incisors (Figure 9.68).

Cementation

Cement-retained crowns have several advantages when
compared to screw-retained crowns. There are also sev-
eral disadvantages, with the most prominent being the lack
of easy, predictable retrievablility (Guichet and others
2000). Michalakis and others (2003) reviewed the dental lit-
erature relative to cement- and screw-retention for implant
restorations and concluded that cement-retained crowns
are better suited for implant restorations in terms of ease of
fabrication, decreased cost, passivity of frameworks in
multiple implant cases, occlusion, and aesthetics.

Maeyama and others (2005) studied the retentive
strengths of metal copings cemented to prefabricated
implant abutments (Easy Abutments, Nobel Biocare, Yorba
Linda, CA) with different cements. Composite resin cement
(Panavia F 2.0) and resin-reinforced glass inonomer
cement (Fuji Luting) demonstrated the highest loads in
Newtons for failure. Maeyama and others concluded that
cements could be grouped into three distinct categories
with increasing strength: zinc oxide eugenol-free tempo-
rary cement; zinc oxyphosphate and glass inonomer
cements; and resin-reinforced glass inonomer and com-
posite resin cements.

The crown was polished, air abraded with 50 wm aluminum
oxide, and steam cleaned. The crown was cemented with
reinforced glass ionomer luting cement (GC Fuiji Plus, GC
America Inc., Alsip, II) mixed per the manufacturer’s
instructions. The cement was placed in and around the
apical 2 mm of the crown and seated into place (Figure
9.69). The cement was allowed to set for 2.5 minutes and
the excess was removed.

Postoperative Instructions

The patient was told that there were virtually no dietary
restrictions relative to the implant and implant-retained
restoration. Brushing and flossing could be accomplished
with techniques similar to that used on the natural teeth.

Figure 9.68. Anterior clinical view of the definitive porcelain fused to
metal crown in place on the definitive abutment.

Figure 9.69. Definitive cement was placed in and around the apical 2
mm of the crown and seated onto the abutment.

Appointment 12. Two-Week Follow-Up
Appointment (1/4 Hour)

The patient returned two weeks post insertion of the abut-
ment and crown and reported absolutely no symptoms.
She was pleased with the aesthetic, functional, and pho-
netic results. She was also quite pleased in that the treat-
ment was accomplished in such a short period of time and
that she never had to go without a tooth.

Appointment 13. Six-Month Follow-Up
Appointment (1/4 Hour)

History

This patient was lost to follow-up because she moved out
of the area.

Chapter 9: Immediate Non-Occlusal Loading 223



Figure 9.70. The periapical radiograph on the left was taken at the time
the INOL provisional restoration was placed. The periapical radiograph
on the right was taken at the one-year recall appointment.

Figure 9.71. Anterior clinical view of an implant retained crown (maxi-
lary right central incisor) made with the INOL protocol 12 months post
implant placement.

Clinical Examination

This patient was lost to follow-up because she moved out
of the area. Clinical photographs were not available.

Appointment 14. One-Year Recall (1/2 Hour)

History

The patient described in this chapter was lost to follow-up.
The patient who is illustrated for this appointment was a
patient who was treated with the same INOL protocol that
was illustrated in this chapter. This patient was very
pleased with the results of treatment and had absolutely no
complaints.

Radiograph

A periapical radiograph was taken at this appointment. It
demonstrated less than 1 mm of crestal bone loss on either
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Figure 9.72. Right anterior clinical view of the implant-retained crown
in Figure 9.71 one year post insertion.

Figure 9.73. Clinical smile one-year post insertion of the implant-
retained crown for the maxillary right central incisor. The lack of inter-
dental papillae is not a clinical concern because the patient presented
with a low lip line.

inter proximal surface when compared to the radiograph
taken at the abutment and definitive crown insertion
appointment (Figure 9.70). There were no peri-implant
radiolucencies around the implant, and satisfactory
bone/implant contact was visualized around the circumfer-
ence of the implant. There were approximately 6 mm
between the interproximal heights of bone and the inter-
proximal contacts on both surfaces of the teeth adjacent to
the implant-retained crown.

Clinical Examination

The occlusion was stable in both centric and eccentric
movements. There was no fremitus. The gingival margins
were stable around the implant restoration. The peri-
implant and gingival tissues exhibited minimal inflam-
mation. Gingival interdental papillae were not present on
either interproximal surface of the implant-retained crown
(Figures 9.71, 9.72). The interproximal heights of bone on



TABLE 9.11. Lab Fees, Component Costs, Overhead, Fees and Profits (INOL Protocol-Definitive Restoration)

Fixed
Laboratory
Chair Time Overhead Expenses
Casts $60
Impression Articulation $50
3/4 hour $350/hr = $213 Sub Total $ 110
Implant Components
Final Encode Abutment  $250
Impression Coping $ 45
Analog $ 21
Lab screw $25
Encode Cast $50
Sub Total $ 391
Final Encode Abutment and Crown Insertion
3/4 hour $350/hr = $212
TOTALS $525 $ 501
Professional Fee $1850
Costs (fixed overhead and laboratory expenses) $1026
Profit (fees less costs) $ 824
Profit per hour ($ 824/1.75) $ 470

Encode Healing Abutment, impression copings, and lab screws may be used multiple times, therefore costs will be
decreased for each succeeding case and profits will be increased. Analogs should not be re-used.

either side of the implant-retained crown were approxi-
mately 6+ mm apical to the interproximal contact areas of
the adjacent teeth. The clinical finding in this case (lack of
interdental papillae) is consistent with Salama and others’
(1998) research in which they found interdental papillae
present in similar situations in less than 60% of cases.

The lack of interdental papillae did not present a clinical
concern to either the patient or the author because the
patient presented with a low lip line (Figure 9.73). The lack
of interdental papillae would be a clinical concern if the
patient presented with a high lip line that exposed the cer-
vical one-third of the maxillary anterior teeth.

Due to the absence of any negative signs and/or symp-
toms, this implant was considered to be osseointegrated.
The long-term prognosis for success with both the implant
and implant restoration was considered to be excellent.
The patient was discharged back to her family dentist for
preventative and restorative care. She was scheduled to
return to see the author in 12 months for an additional radi-
ograph and clinical follow up.

Costs/Fees/Profitability

The following discussion relative to fees is reflective of
2006 in the Midwestern United States. The costs of the
implant components are retail prices from Implant Innova-
tions, Inc., Palm Beach Gardens, Florida (Table 9.11).

Surgeon: Michael Banasik, DDS, MS, Gundersen Lutheran
Medical Center, LaCrosse, Wisconsin

Dental Laboratory Technicians: Thomas Peterson, CDT,
MDT, NorthShore Dental Laboratory, Lynn, Massachusetts;
Andrew Gingrasso, Gundersen Lutheran Medical Center,
LaCrosse, Wisconsin
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Chapter 10: Surgical Considerations in Implant Dentistry:
Integration of Hard and Soft Tissues

INTRODUCTION

Without osseointegration and “soft tissue integration”
between intra-oral tissues and implants, there are no
restorative options. Today’'s surgeons and restorative doc-
tors must work together to achieve the goals associated
with fully integrated, functional, aesthetic, and hygienic
prostheses. Surgeons must place implants in appropriate
positions to allow for functional, aesthetic restorations.
Implant materials and designs continue to evolve in efforts
to increase the frequency of and decrease the time for inte-
gration. Equal emphasis should be placed on both osseoin-
tegration and on the so-called soft-tissue integration.

Osseointegration of dental implants involves a complex
array of events relative to the healing and remodeling of
bone and soft tissue. Osseointegration refers to an
implant’s direct bone contact providing anchorage that
supports a prosthesis under occlusal forces. Per-Ingvar
Branemark at the University of Goteborg in Sweden devel-
oped the concept of osseointegration while studying
microcirculation in bone repair. Branemark and others
(1977) defined osseointegration as “a direct structural and
functional connection between ordered, living bone and
the surface of a load carrying implant.” During the 1950s,
Branemark discovered that there was a strong bond
between titanium and bone. Over the next 25 years, Brane-
mark continued to modify and improve the technology and
protocol associated with predictable, long-term osseointe-
gration of dental implants. Branemark presented the first
two-staged threaded titanium root-form implant in North
America in 1982. Since Branemark’s benchmark research
was originally presented, there have been multiple modifi-
cations to the original protocol to enhance biocompatibility
and retention for dental implants.

Several factors have been shown to influence implant
osseointegration:

e Surgical technique including prevention of excessive
heat during drilling

e Sterile technique
e Unloaded healing of dental implants (no micro-motion)

e Implant design, shape, length, surface topography
(microsurface or macrosurface)

e Systemic health of patients

IMPLANT DESIGN

Commercially pure titanium has excellent biocompatibility
and mechanical properties. However, strength issues with
pure titanium led manufacturers to use a titanium alloy
(Ti-6Al-4Va) to maximize dental implant strength. Today
most practitioners prefer titanium alloy with varying compo-
sitions for dental implants. The surface oxide layer on com-
mercially pure titanium and titanium alloy implants deter-
mines the biocompatibility of a particular implant. This
oxide layer is the only portion of the implant in contact with
host tissue (De Leonardi and others 1999).

Implant surface topography has been shown to enhance
implant-to-bone contact. Adding titanium to implant sur-
faces through plasma-spray technology is one technique
that modifies the surfaces of dental titanium alloy implants.
Dental implants have also been modified by reduction
techniques involving blasting and or acid etching implant
surfaces. Cordioli reported five-week bone-to-implant con-
tact values to be 72.4% for acid-etched surfaces, 56.8%
for titanium plasma-sprayed surfaces, 54.8% for grit-
blasted titanium surfaces, and 48.6% for machine surface
implants (Cordioli and others 2000). Virtually all major
implant manufacturers use some form of roughened sur-
face texture for their endosseous dental implants.

HARD TISSUE INTEGRATION

Following a minimally traumatic drilling and surgical proto-
cols for the placement of endosseous implants, bone and
soft tissue healing must progress for osseointegration to
occur. The biologic activity required to achieve osseointe-
gration includes the following three phases: osteophyllic,
osteoconductive, and osteoadaptive (Marx and others
1996). These three phases have also been called inflam-
matory, proliferative, and maturation phases.

Tissue trauma begins with the incision and continues
through to the osteotomy and implant placement; the initial
obvious result is immediate hemorrhaging. Multiple cells
and pathways for inflammation and healing begin with the
surgical insult to bone with preparation of the osteotomies.
In cancellous bone, there is a surprisingly small implant-to-
bone contact area. The remaining implant surface is in
contact with extra cellular fluid and cells. A blood clot is
formed at the interface between the implant and bone. The
clot contains numerous cytokines and cells that regulate
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Figure 10.1. Enhanced scanning electron micrograph of an
OSSEOTITE® implant that demonstrated platelet activation.

bone metabolism. The clot provides a reservoir of growth
factors and cytokines and serves as a scaffold for cell
migration. Increased platelet adhesion has been shown to
occur quicker on a micro-textured implant surface than on
a smooth implant surface (Park and Davies 2001) (Figures
10.1 and 10.2). Several studies have concluded that rough
surface implants have a significantly higher percentage of
bone-to-implant contact and faster, stronger osseointegra-
tion when compared to machined surface titanium
implants (Trisi and others 1999; De Leonardi and others
1999; De Leonardi and others 1997).

Platelet contacts with the micro and macro topography of
implant surfaces causes secretion from intracellular gran-
ules and aides in healing injured tissue (Shetty and Berto-
lami 1992). After clot formation, an influx of inflammatory
cells, responding to foreign antigens and the surgical
insult, migrate to the surgical site. Also known as the
inflammatory phase, these cells support vascular growth.
The formation of new blood vessels (angiogenesis) is a
vital step in wound healing. The vascular ingrowth begins
about three days after implant placement and continues for
three weeks (Zoldos and Kent 1995). In order to maintain
cellular activity during bone repair and formation, angio-
genesis must be active. Healing, during the osteophyllic
phase, results in a mature vascular network during its
approximately one-month duration. Osteocytes are acti-
vated and the osteophyllic phase transitions into the osteo-
conductive phase.

Bone formation is marked by osteoblast polarization and
protein production. A collagenous matrix at the bone/
implant interface matures and mineralizes. The initial for-
mation of bone-type structure is referred to as the footplate
or woven bone. The laying down of osteoid around the
implant surface takes place over the next three months.
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Figure 10.2. Scanning electron micrograph of the acid-etched surface
of an OSEQTITIE® implant that shows red blood cells and platelet inter-
actions. Courtesy of JE Davies and JY Park, University of Toronto.

This process is known as the osteoconductive phase. A
“bone callus” covers the surface area of the implant. This
cell-rich unorganized bone is referred to as woven bone.
Woven bone formation predominates during this time
period.

Bone deposition is thought to arise from two different
mechanisms: distance osteogenesis and contact osteoge-
nesis (Davies 2003). These two distinct processes involve
the formation of bone “de novo” (Davies 2003). Distance
osteogenesis is a gradual reparative process (Hoshaw and
others 1994). It is thought to start from the edge of the
osteotomy and proceed toward but not onto the implant
surface. Contact osteogenesis occurs at the surface of the
implant (Figure 10.3). Direct migration of osteogenic cells
occurs through the clot matrix to the implant surface (Fig-
ure 10.4). Bone deposition onto the implant surface contin-
ues until it reaches a steady state at about four months
(Zoldos and Kent 1995). Distance and contact osteogene-
sis work concurrently to obtain osseointegration. When
these processes overlap, a favorable result is more likely to
be achieved by optimization of contact osteogenesis.

The final phase in the osseointegration process is the
osteoadaptive phase. This phase involves the remodeling
of woven bone within a vascularized, connective tissue
matrix at the implant/bone interface. Occlusal loading of
dental endosseous implants stimulates the maturation of
woven bone to lamellar bone. This change is in direct
response to forces transmitted from the implant to the sur-
rounding bone. Woven bone is gradually replaced by



Figure 10.3. Schematic rendition of contact osteogenesis that demon-
strates the direct migration of cells through the clot matrix to the implant
surface. Courtesy of 3i, Implant Innovations, Inc., Palm Beach Gar-
dens, FL.

lamellar bone (Berglundh and others 2003). The newly
formed lamellar bone provides the necessary rigid fixation
for the implant to function under occlusal loading. After
four months, there does not appear to be a significant
amount of increased bone/implant contact; however, the
footplate thickens in response to loading (Garg 2004). How
much of the implant surface is truly osseointegrated?
Some authors have implied that 100% of the implant sur-
face is rarely, if ever, achieved. Albrektsson suggested that
successful clinical outcomes might be achieved with
implant surface osseointegration of 60% (Albrektsson and
others 1993).

SOFT TISSUE INTEGRATION

Soft tissue integration is now being used to describe the
biologic process that occurs during the maturation of the
peri-implant “soft tissue” connective tissue and epithelium
(Figure 10.5). There is no question as to the importance of
the relationship between natural teeth and the surrounding
periodontium. Soft tissues that encompass implants must
form seals around the emerging implants similarly to the
relationships that exist in natural teeth.

Soft tissue integration has been defined as the biologic
processes that occur during the formation and maturation

Figure 10.4. Schematic rendition of distance osteogenesis that
demonstrates bone healing inward from the walls of the osteotomy
toward the implant surface, but not onto the surface. Courtesy of 3,
Implant Innovations, Inc., Palm Beach Gardens, FL.

Figure 10.5. Cross sectional diagram of an implant-retained crown that
was cemented onto a GingiHue® Post that demonstrates healthy junc-
tional epithelium around the sub-gingival portions of the implant
retained crown. Courtesy of 3®, Implant Innovations, Inc., Palm Beach
Gardens, FL.

between the transmucosal portion of the implant and soft
tissue. The maintenance of soft tissue health is as impor-
tant as osseointegration is for the long-term survival of an
implant-supported prosthesis. Surgeons and restorative
doctors must be versant in the management of the peri-
implant soft tissue.

Sclar (2003) has referred to internal and external factors
that affect the health of the peri-implant soft tissue. Internal
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factors include: age of the patient; general health; peri-
odontal status of remaining dentition; host resistance; sys-
temic disease; and periodontal phenotype. External factor
differences include: tobacco uses; use of medication; oral
hygiene; implant design and surface characteristics; and
location of the implant.

The soft tissue histomorphology has some similarities and
differences as it applies to natural teeth and titanium
implants. It is the important similarities that make implant
dentistry even possible. The periodontal histology and
peri-implant histology of the junctional and sulcular epithe-
lium are similar. Junctional epithelium attaches to the en-
dosseous implant and is critical in providing a protective
barrier around the implant. Sulcular epithelium provides
cellular immunological protection.

Important differences between them render implants sus-
ceptible to failure. Dental implants lack periodontal liga-
ment attachments, cementum, and well-vascularized con-
nective tissues. Despite the lack of periodontal ligament or
gingival sulcus, the epithelium has been shown to have a
tight adaptation at the collar of implants when minimal
plague or inflammation is present (Schroeder and others
1981). The peri-implant connective tissue contains more
collagen but fewer fibroblasts and a lack of vascular struc-
tures (Moon and others 1999). To overcome these chal-
lenges, the surgical placement and the final restoration
must be in compliance with reliable and predictable princi-
ples of implantology.

The literature for implant placement within attached, kera-
tinized soft tissues versus alveolar mucosa is without con-
sensus. Fewer complications, healthier soft tissue, and
better patient satisfaction have been reported with
implants and restorations encompassed by attached
(fixed) soft tissue (Schroeder and others 1981; Bauman
and others 1993; Silverstein and others 1994; Silverstein
and Lefkove 1994). Some authors have suggested that
attached, keratinized soft tissues may have no long-term
advantages over alveolar mucosa (Zarb and Schmill 1990;
Wennstrom and others 1994). There is a consensus that
many factors influence the health of the peri-implant hard
and soft tissue and the ultimate success of osseointe-
grated implants. Based on the effectiveness of oral
hygiene, resistance to recession, aesthetics, and pre-
dictability of the peri-implant soft tissue, this author con-
cludes that a margin of attached soft tissue in contact with
an emerging implant is critical for long-term hard and soft
tissue integration.

TRADITIONAL/EARLY LOADING PROTOCOLS
FOR DENTAL IMPLANTS

There has been significant discussion as to the time
required for osseointegration to occur. Osseointegration is

230 Implant Restorations

a time-dependent process (Johansson and Albrektsson
1987). The original protocol set forth by Branemark, six
months for maxillary implants and four to six months for
mandibular implants, has been and continues to be chal-
lenged by modern researchers and clinicians (Adell and
others 1981). Lazzara and others studied loading
OSSEOTITE® implants two months after insertion. All of the
implants were placed with a single-stage surgical protocol.
The Cumulative Survival Rate (CSR) was 98.5% up to 12.6
months post loading. Testori and others (2001) also
researched OSSEOTITE® implants per the protocol
described by Lazzara (1998) above. The implants were
placed in both jaws and were also loaded two months post
implant placement. Their follow-up time period was three
years. The results demonstrated CSRs of 97.7% for
mandibular implants and 98.4% for maxillary implants. All
of the implants that were studied in the above two studies
were straight-wall commercially pure titanium implants. As
implant science continues to “push the envelope” with pro-
tocols involving different implant loading protocols, it is
likely that these timelines will continue to evolve.

QUANTITATIVE MEASUREMENTS
OF IMPLANT SUCCESS

Several devices have been used to quantify primary stabil-
ity and long-term osseointegration of dental implants. The
usefulness and accuracy of these devices is still being
determined. OSSTELL® (Integration Diagnostics, Inc.,
Savedalin, Sweden) has been approved by the United
States Food and Drug Administration for such mea-
surements. It uses resonance frequency to assess implant
stability. Periotest® (Siemens AG, Bensheim, Germany)
has also been used to measure the damping effect of the
supporting tissues to a standardized force as an indicator
of implant mobility/immobility.

A torque wrench test has also been used to quantitatively
assess clinical osseointegration of dental implants. If a pre-
load corresponding to a torque of 10 to 20 Ncm is applied
to an implant and the implant remains stable, without dis-
comfort, the implant can be considered to be osseointe-
grated (Martin and others 2000).

Although not scientifically supported, percussing implants
and evaluating the sounds that are emitted from the
implants may also test clinical osseointegration of dental
implants. The implant is percussed with a blunt instrument
and the sound evaluated by the clinician. There is a crisp
sound when this occurs with osseointegrated implants and
a duller sound when this occurs with non-integrated im-
plants. A “ringing or pinging” sound is considered favor-
able for osseointegration, whereas a “dull and flat” sound
may suggest fibrous tissue involvement. This test is simple
and quick but may not be reliable for some implants in
determining clinical osseointegration. Nevertheless, it is



the author’'s opinion that percussion of dental implants
tends to be the method of choice for most clinicians.

Smith and Zarb (1989) published criteria relative to assess-
ing clinical osseointegration of dental implants:

1. Individual, nonsplinted implants that demonstrate no
clinical mobility.

2. The absence of peri-implant radiolucencies on radi-
ographs.

3. Mean vertical bone loss that averages less than 0.2 mm
annually after the first year of occlusal loading.

4. The absence of pain, discomfort, or infection in or
around implants.

5. An implant design that does not preclude placement of
a crown or prosthesis with acceptable aesthetics.

IMPLANT FAILURE

Implant failure is a major concern and disappointment for
patients, surgeons, and restorative dentists. The terms “ail-
ing” and “failing” implants have been used as qualitative
terms in assessing varying degrees of implant health. It
has been proposed that an “ailing” implant is one that has
radiographic evidence of bone loss and probing depths
greater than 5 mm but remains clinically stable. A “failing”
implant shows bleeding or purulence upon probing and
increasing levels of bone loss with serial radiographs (Mar-
tin and others 2000). A non-osseointegrated implant will
demonstrate clinical mobility, dullness to percussion, and
peri-implant radiolucency. Non-osseointegrated implants
must be removed.

Why, despite many years of improved materials, do some
implants fail to become osseointegrated? Patient selection
continues to relate to clinical success. A patient's past
medical and dental histories are key places to start.
Debate exists as to the absolute contraindications for
implant placement. Recently, bisphosphonates have been
found to lead to bisphosphonate-induced osteonecrosis of
the jaws. This family of drugs has been identified as an
absolute contraindication for dental implants (Marx and
others 2005). Many more relative contraindications exist,
including but not limited to smoking, uncontrolled dia-
betes, immunocompromised patients, bleeding disorders,
poor systemic health with multiple co-morbidities, active
periodontitis, high-dose radiation to the jaws, and anatomy
not amenable to favorable placement.

The most important factors for implant success as pub-
lished by Block and others were “surgery without compro-
mise in technique, placing implants into sound bone,
avoiding thin bone or implant dehiscence at the time of
implant placement, avoiding premature implant exposure
during the healing period, establishing a balanced restora-

tion, and insuring appropriate follow-up hygiene care”
(Block and Kent 1990). Implant mobility in a previously sta-
ble implant should be considered the ultimate sign of clini-
cal non-integration. After an existing implant becomes
unstable, the implant should be removed. A clinically
mobile implant has not been observed to become re-
osseointegrated (Garg 2004; Adell 1992). Successful treat-
ment of nonmobile dental implants with radiolucencies is
still controversial and unpredictable. The majority of im-
plant failures are believed to occur in the first 12 months
following implant placement.

MAINTENANCE

Dental implants have become an integral part of treatment
planning for edentulous and partially edentulous patients.
Significant emphasis has been placed on obtaining inte-
gration and achieving functional aesthetic restorations. But
is the treatment really done? After an implant has become
integrated, does it always remain integrated? Implants and
their surrounding hard and soft tissues are susceptible to
component failure, screw loosening, peri-implant mucosi-
tis, and peri-implantitis. Any or all of the previous factors
may lead to loss of implants. Peri-implant mucositis refers
to inflammation around implants that is considered to be
reversible. Bone loss would not be part of the clinical
appearance of peri-implant mucositis. Peri-implantitis in-
volves bone loss and may occur in as many as 10% of
osseointegrated implants (Mombelli and Lang 2000).

As alluded to earlier in this chapter, there are fundamental
differences when comparing the soft and hard tissues sur-
rounding natural teeth versus dental implants. The patho-
genicity of oral bacteria seems to be particularly dimin-
ished in edentulous patients with or without dental implants.
The composition of oral plagques around natural teeth and
titanium implants are similar, and the initial microbiological
colonizations follow similar patterns (Leonhardt and others
1993; Zitmann and others 2001) (Figure 10.6). Peri-implant
inflammation may progress from the peri-implant mucosa

Figure 10.6. Peri-implant soft tissue inflammation around a noninte-
grated implant. This implant was clinically mobile and was subsequently
removed.
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into the supporting bone, causing peri-implantitis. There-
fore the long-term integrity of dental implants is influenced
and maintained by, among other things, meticulous oral
hygiene.

Anatomically contoured implant restorations play an impor-
tant role in maintaining osseointegration. Physiologic im-
plant restorative emergence profiles, consistent with the
emergence profiles of natural teeth, provide patients with
the opportunities to perform oral hygiene procedures with
maximum efficiency and minimal difficulty.

Occlusal harmony distributes occlusal forces to those
anatomic and restored structures that are best able to han-
dle them. Overloading implants with excessive occlusal
forces may be detrimental to the long-term success of the
implants. Controversy remains as to the potential loss of an
osseointegrated implant with occlusal overloading of the
final restoration. A literature review published in 1998 by
Esposito and others concluded that occlusal overload led
to loss of integration and failure of dental implants. Subse-
quent studies in animal models have raised questions by
demonstrating continued osseointegration in the presence
of occlusal overload (Gotfedsen and others 2002). Never-
theless, intuitive thinking leads surgeons and restorative
dentists to design occlusal schemes for dental implants
without hyperocclusion.

Periodic periapical radiographs are needed for adequate
follow-up (Figure 10.7). The most diagnostic films allow for
the complete visualization of the implant threads. When
these threads are clearly seen, an accurate radiograph
has been taken that is 90 degrees to the long axis of the
implant and the film has been placed parallel to the implant.
Marginal bone loss or “saucerization” that may be progres-
sive can be a sign of implant failure (Esposito and others
1998). One follow-up radiographic protocol for asympto-
matic patients includes radiographs on a two- to three-year
frequency (Grondahl 2003). Radiographs should be taken
more frequently with clinical evidence of peri-implantitis
(Mombelli and Lang 2000).

One European workshop on implantology defined clinical
success as the absence of implant mobility and less than
1.5 mm marginal bone loss during the first year of function
and less than 0.2 mm annually thereafter (Albrektsson and
others 1994).

Probing in and around asymptomatic dental implants
remains controversial. Etter and others have shown that
light probing can be performed without permanent dam-
age to the transmucosal attachment surrounding an
implant (Etter and others 2002).

Professional polishing of supra- and sub-gingival implant
components with plastic or carbon fiber curettes may also
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Figure 10.7. Radiographic example of a nonintegrated dental implant.
Note the widened peri-implant space around the entire periphery of the
implant.

enhance patients’ oral health. Conventional steel instru-
mentation or ultrasonic instruments should be avoided
because these may cause damage to the implant surface
(Matarasso and others 1996). Traditional adult prophylaxis
including rubber cups and polishing paste is acceptable.

CONCLUSIONS

The concept of teamwork in implant dentistry is required to
produce satisfied patients and pleased doctors. Surgeons
must find a balance among aesthetics, alveolar bone lev-
els, and peri-implant soft tissue considerations at the time
of implant placement. Restorative doctors must deal with
the three-dimensional positioning of implants, proximity to
adjacent teeth or implants, periodontal phenotype, emer-
gence profiles, ideal crown-to-implant ratios, and more.
Patient selection and thorough treatment planning is nec-
essary for the development of a successful implant prac-
tice for both implant surgeons and restorative doctors. The
concepts of hard and soft tissue integration are not com-
pletely understood. We do know that these codependent
processes are intimately involved with clinical successes
and failures. Appropriate surgical and restorative tech-
niques are also vital in achieving high CSRs. Implant failure
is multifactorial; however, the reversal of peri-implant
mucositis, and prevention of peri-implantitis, can minimize
implant failure.
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diagnosis and treatment planning, 77-79
Chorhexidine, 98, 194, 209
Clinical case presentation
CAD/CAM titanium framework/fixed hybrid
prosthesis, mandibular, 146-171
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fractured fixed partial denture re-treatment with
CAD/CAM abutments and new denture, 128—
143
immediate non-occlusal loading protocol, maxillary,
201-225
immediate occlusal loading® (I0L®) protocol,
mandibular, 175-196
implant-retained overdentures with resilient
attachments, 91-105
pre-machined titanium abutment and single-unit
porcelain fused to metal crown, 107-123
Clot formation, 227, 228
Components. See also specific components
abutments
CAD/CAM Abutments, 41-43
Encode™ Abutments, 41-43
Final Encode™ Abutments, 43
GingiHue® Posts, 33-34
Immediate Occlusal Loading® (I0L®) Abutments,
32-33
LOCATOR® Overdenture Abutments, 31-32
Provide™ Abutments, 36-37
standard, 31
UCLA Abutments, 38-41
ZiReal™ Posts, 34-36
cylinders
IOL® abutment gold cylinders, 47
standard gold cylinders, 46
drivers
abutment, 49
large hex, 48, 49
square, 48, 49
healing abutments
Encode™ Healing Abutments, 26-28
EP® Healing Abutments, 22-25
implant/abutment connections, 18-22
external, 19-20
force required to break, 21
internal, 20-22
implants, 17-18
impression copings
abutment impression copings, 31
implant impression copings, 28-30
laboratory, 49-53
abutment analogs, 51
abutment holders, 52-53
implant analogs, 50-51
try-in screws, 51-52
screws, 44-45
Composite resin cement, 223
Computer numeric controlled milling procedures, 146
Connections, implant/abutment, 18-22
CAD/CAM titanium framework/fixed hybrid
prosthesis for treatment of edentulous
mandible, 152



external, 19-20
force required to break, 21
immediate non-occlusal loading (INOL) protocol,
maxillary, 205
immediate occlusal loading® (I0L®) protocol,
mandibular, 183
internal, 20-22
pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
113-114
Contact osteogenesis, 228, 229
Contra Angle Torque Driver, 141, 157
Coordinators, implant, 82-83
Copings, impression. See Impression copings
Costs/fees/profitability
CAD/CAM titanium framework/fixed hybrid
prosthesis treatment of edentulous mandible,
170-171
fractured fixed partial denture re-treatment with
CAD/CAM abutments and new denture
procedure, 142, 143
immediate non-occlusal loading (INOL) protocol,
maxillary, 225
immediate occlusal loading® (I0L®) protocol, 196-
197
implant-retained overdentures with resilient
attachments treatment, 104, 105
pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
122,123
Crown
cementation of, 122, 123, 223
cement-retained, 19-20, 108, 223, 229
fabrication, 120
failure, 108
immediate non-occlusal loading (INOL) protocol,
maxillary
INOL provisional crown, 209
interim abutment and provisional crown removal,
220-221
provisional crown with occlusal contacts, 213-214
polishing, 223
pre-machined titanium abutment and single-unit
porcelain fused to metal crown, 120-123
screw-retained, 19-20, 215, 223
try-in, 120, 121, 222-223
CSR (cumulative Survival Rate), 108, 230
CT scans
for diagnosis and treatment planning, 58-60
immediate occlusal loading® (I0L®) protocol,
mandibular, 180-183
Cylinders
|IOL® abutment gold cylinders, 47
standard gold cylinders, 46
Cytokines, 227-228

DentaScan®, 58
Dentures
CAD/CAM titanium framework/fixed hybrid
prosthesis, 145-171
DIEM®™, 184-196
fixed partial denture (FPD)
cementation, 141-142
costs/fees/profits associated with, 4, 5
failure rates of, 108
fractured, retreatment with CAD/CAM abutments,
125-143
predictability of, 6
fixed versus removable implant prostheses, 88-89
immediate occlusal loading® (IOL®) protocol,
mandibular, 173-196
implant-retained overdentures with resilient
attachments, 87-105
veneer fractures, 146
Design, implant, 227
Diagnosis. See Planning, diagnosis and treatment
Diagnostic cast
articular mounting, 62, 184, 185
for CAD/CAM titanium framework/fixed hybrid
prosthesis, mandibular, 155
for diagnosis and treatment planning, 60
for fractured fixed partial denture re-treatment with
CAD/CAM abutments and new denture
procedure, 128
for immediate non-occlusal loading (INOL) protocal,
maxillary, 202, 203, 211
for immediate occlusal loading® (IOL®) protocol,
184, 185
for implant-retained overdentures with resilient
attachments treatment, 93
for pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment, 109
Diagnostic procedures, 56-60. See also specific
procedures
CT scans, 58-60
diagnostic articular mounting, 62, 63
diagnostic casts, 60
diagnostic wax patterns, 62, 63
radiographs, 57-58
Diazepam, 187
DIEM®™ denture, 184-196
DIEM® protocol, 175
Distance osteogenesis, 228, 229
Drivers
abutment, 49
large hex, 48, 49
square, 48, 49
Driver tips, 48, 49

Easy Abutments, 223
Economics, of implant dentistry, 3-4, 5
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Edentulism
mandible resorption, 87
mandible treatments
CAD/CAM titanium framework/fixed hybrid
prosthesis, 145-171
fixed versus removable prostheses, 88-89
immediate occlusal loading® (I0L®) protocol,
173-197
implant-retained overdentures with resilient
attachments, 87-105
McGill Consensus on, 87
pre-machined titanium abutment and single-unit
porcelain fused to metal crown, 107-123
splinted versus unsplinted implants, 89-91
planning, diagnosis and treatment, 70-75
fixed hybrid implant-retained prostheses-
edentulous mandible, 72-73
fixed hybrid implant-retained prostheses-
edentulous maxillae, 73-75
overdentures, 71-72
Electric toothbrush, 169
Emergence Profile System®, 22,29
Encode™ Abutments, 41-43
Encode™ Healing Abutments, 26-28, 134-135, 216-
217,219
Encode™ master cast, 216-220
Endosseous implants, literature review of, 107-108
EP® Healing Abutments, 22-25
Exafast® impression material, 212
Extrude® MPV, 101

Failure, implant, 231
Final Encode™ Abutment, 43, 140, 216
Fixed bridge, 206
Fixed partial denture (FPD)
cementation, 141-142
costs/fees/profits associated with, 4, 5
failure rates of, 108
fractured, retreatment with CAD/CAM abutments,
125-143
predictability of, 6
Fixed prosthodontics, predictability of, 4-6
Flanges, 91
FPD. See Fixed partial denture (FPD)
Fractured fixed partial denture re-treatment with

CAD/CAM abutments and new denture, 125-

143
clinical case presentation, 128-143
appointment 1 (initial examination), 128
diagnosis, 128
diagnostic casts, 128
appointment 2 (consultation restorative
dentist/patient), 129-131
impression tray, 130-131
treatment plan #1 (implant restoration), 129
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treatment plan #2 (no treatment), 130
appointment 3 (removal of existing
prosthesis/abutments; implant impression),
131-139
articulator mounting, 135
CAD/CAM protocol, 134-135
CAD design of abutments, 135
CAM milling of abutments, 137
fabrication of 3-unit fixed partial denture, 137-139
implant level impression, 131-132
laboratory procedures/work orders, 132—-139
master cast, 132-134
appointment 4 (bisque bake try-in), 139-140
removal of preexisting prosthesis and
abutments, 139
try-in bisque bake FPD, 140
try-in CAD/CAM abutments, 139
verification radiographs, 140
appointment 5 (insertion appointment), 140-142
CAD/CAM abutment placement, 141
fixed partial denture cementation, 141-142
removal of preexisting abutments and fixed
partial denture, 140
torque, 141
appointment 6 (follow-up appointments), 142-143
costs/fees/profitability, 142, 143
literature review, 125-127

GC Fuji Plus cement, 123, 141-142
GC FUJIROCK® EP, 134, 216, 217
GingiHue® Posts, 33-34, 113, 205, 215
cross section, 21, 113, 229
Gingival Mask Hp, 214
Glass ionomer cement, 223
Gold cylinders
IOL® abutment, 47
standard, 46
Gold Standard ZR®™ (Zero Rotation) feature, 113, 137
Gold-Tite™ screws, 44-45, 121, 140, 167, 192-193,
213, 222
Growth factor, 228

Hard tissue integration, 227-229
Healing abutments
Encode™ Healing Abutments, 26-28, 134-135,
216-217, 219
EP® Healing Abutments, 22-25
placement
CAD/CAM titanium framework/fixed hybrid
prosthesis, 153-155
implant-retained overdentures with resilient
attachments treatment, 98
pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
114, 115



removal
CAD/CAM titanium framework/fixed hybrid
prosthesis, 156, 164, 166-167
selection
implant-retained overdentures with resilient
attachments treatment, 96

pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment, 114

Hex drivers, 48, 49
Hounsfield units, 58
Hygiene instructions, 209

Immediate non-occlusal loading (INOL) protocol
CSRs (Cumulative Survival Rates), 81, 199
overview, 81

single, unsplinted provisional implant restorations,

201
Immediate non-occlusal loading (INOL) protocol,
maxillary, 199-225
clinical case presentation, 201-225
appointment 1 (initial visit), 201-203
diagnoses, 203
diagnostic casts, 202, 203
history of present illness, 201-202
physical examination, 202
prognosis, 203
radiographs, 202
surgical guide, 202, 203
appointment 2 (consultation restorative
dentist/patient), 203, 204-207

treatment plan #1 (implant restoration), 204-205

treatment plan #2 (fixed bridge), 206

treatment plan #3 (no definitive treatment), 207

appointment 3 (consultation restorative
dentist/surgeon), 203, 205
implant/abutment connection, 205
implant restorative wish list, 205
interim abutment, 205
number/size of implant, 203, 205
surgical protocol, 205
appointment 4 (implant and interim abutment
placement), 207-208
insertional torque, 207
interim abutment placement, 208
appointment 5 (restorative appointment INOL

clinical examination, 210
history, 210
appointment 8 (reevaluation appointment-10
weeks), 210
clinical examination, 210
history, 210
appointment 9 (reevaluation appointment-12
weeks), 210-211
clinical examination, 210-211
custom impression tray, 211
diagnostic impressions/casts, 211
history, 210
appointment 10 (implant impression), 211-220
abutment selection, 215-216
implant analogs, 214, 215
implant level impression, 212-213
INOL provisional restoration and interim
abutment, 211-212
interim abutment re-preparation, 213
laboratory fabrication of Encode master cast,
216-220
laboratory procedures for master cast, 214
master cast, 214, 215
protocol for fabrication of Final Encode™
Abutment, 216
provisional crown with occlusal contacts, 213-
214
appointment 11 (abutment and crown insertion),
220-223
cementation, 223
crown try-in, 222-223
definitive abutment placement, 221
interim abutment and provisional crown
removal, 220-221
postoperative instructions, 223
radiographic verification, 222
torque, 222
appointment 12 (two-week follow-up
appointment), 223
appointment 13 (six-month follow-up
appointment), 223-224
appointment 14 (one-year recall), 224-225
clinical examination, 224-225
history, 224
costs/fees/profitability, 225

provisional restoration), 208-209
abutment preparation, 208
dietary and oral hygiene instructions, 209
INOL provisional crown, 209 33, 174, 190-196
appointment 6 (reevaluation appointment-24 Immediate occlusal loading® (IOL®) protocaol,
hours), 209-210 mandibular
clinical examination, 210 clinical case presentation, 175-196

literature review, 199-201
Immediate occlusal loading® (IOL®), overview of, 81
Immediate Occlusal Loading® (IOL®) Abutments, 32—

history, 209-210
appointment 7 (reevaluation appointment-10
days), 210

appointment 1 (initial examination), 175-177
chief complaint, 176
diagnosis, 176
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Immediate occlusal loading® (IOL®) protocol,
mandibular (continued)
physical examination, 176
prognosis, 176-177
radiographs, 175
appointment 2 (examination/consultation
restorative dentist/patient), 177-180
diagnosis, 177
examination, 177
treatment options, 177-180
appointment 3 (consultation restorative
dentist/surgeon), 180-184
implant/abutment connection, 183
number/size of implants, 180-184
prosthesis design, 183
surgical work-up and protocol, 183-184
appointment 4 (surgical reevaluation), 184
appointment 5 (definitive impressions and jaw
relation record), 184-185
articular mounting, 184-185
diagnostic casts, 184, 185
appointment 6 (wax try-in), 185-186
laboratory procedures/work orders for
processing dentures, 186
appointment 7 (implant/prosthesis placement),
186-192
postoperative instructions, 192, 194
prosthetic protocol, 190-192
surgical protocol, 186-190
appointment 8 (prosthetic follow-up
appointments), 192-195
24-hour, 192, 194
eight-week, 195
four-week, 194
one-week, 194
appointment 9 (one-year recall), 195-196
clinical examination, 195-196

definitive prosthesis (CAD/CAM framework), 196

radiographs, 195
costs/fee/profitability, 196-197
literature review, 173-175
DIEM® protocol, 175
osseointegration era, 174
pre-osseointegration era, 173
Implant/abutment connection, 18-22
CAD/CAM titanium framework/fixed hybrid
prosthesis for treatment of edentulous
mandible, 152
external, 19-20
force required to break, 21
immediate non-occlusal loading (INOL) protocol,
maxillary, 205
immediate occlusal loading® (IOL®) protocol,
mandibular, 183
internal, 20-22
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pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
113-114
Implant analogs, 50-51, 157, 214, 215
Implant bone volume, 64-67
Implant coordinators, 82-83
Implant design, 227
Implant failure, 231
Implant level impression, 212-213
Implant loading protocols, 79-81
early loading protocol, 80-81
immediate non-occlusal loading protocol, 81
immediate occlusal loading®, 81
single-stage surgical protocol, 80
two-stage surgical protocol, 79-80
Implant restorative platforms, 31
Implant restorative volume, 67-70
Implant-retained crown
costs/fees/profits associated with, 5
predictability of, 6
Implant-retained overdentures with resilient
attachments, 87-105
clinical case presentation, 91-105
appointment 1 (initial examination), 91-93
diagnoses, 93
diagnostic cast, 93
physical examination, 92
radiographs, 92
appointment 2 (consultation restorative
dentist/patient), 93
treatment plan #1 (implant restoration), 94
treatment plan #2 (reline existing denture), 95
appointment 3 (consultation restorative
dentist/surgeon), 93-96
abutment/prosthesis design, 93
healing abutment selection, 96
implant/abutment connection, 93, 95
implant restorative wish list, 96
surgical guide, 95
surgical protocol, 95
type/number/size of implants, 93
appointment 4 (implant placement), 96-97
postoperative instructions, 96
two-stage surgical protocol, 96, 97
appointment 5 (follow-up appointments), 97-98
suture removal, 97
tissue conditioning, 97-98
appointment 6 (stage Il surgery), 98-99
healing abutments, 98
tissue conditioning, 98-99
appointment 7 (abutment connection and reline
impression), 99-104
impression copings, 100-101
laboratory work order/procedures, 101-104
LOCATOR® Abutment Connection, 100



reline impression, 101
torque, 100
appointment 8 (insertion relined denture), 104
appointment 9 (follow-up appointments), 104-105
costs/fees/profitability, 104, 105
patient satisfaction, 88
literature review, 87-91
Implants, 17-18
Impregum® polyether impression material, 118
Impression copings
abutment impression copings, 31
clinical use examples
CAD/CAM titanium framework/fixed hybrid
prosthesis treatment of edentulous mandible,
155, 156
fractured fixed partial denture re-treatment with
CAD/CAM abutments and new denture
procedure, 131-133

immediate non-occlusal loading protocol, 212-213

implant-retained overdentures with resilient
attachments treatment, 100-101
pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
117-119
implant impression copings, 28-30, 155, 212-213
Impression tray
for CAD/CAM titanium framework/fixed hybrid
prosthesis treatment of edentulous mandible,
155
custom, 116, 130-131, 211
for immediate non-occlusal loading (INOL) protocol,
maxillary, 211
trying in, 117
Inferior alveolar nerve, injuries to, 58, 60
Informed consent, 82
INOL. See Immediate non-occlusal loading (INOL)
protocol
Interim abutment, INOL protocol, 205
placement, 208
and provisional crown removal, 220-221
re-preparation, 213
Inter-implant distance, 65
IOL®. See Immediate occlusal loading® (IOL®)
IOL® abutment gold cylinders, 47
IOL® Healing caps, 190
IOL® Temporary Cylinders, 190-191
IRM® cement, 209

Jaw relation records, 161

Laboratory components, 49-53
abutment analogs, 51
abutment holders, 52-53
implant analogs, 50-51
try-in screws, 51-52

Lidocaine, 187

LOCATOR® Overdenture Abutments, 31-32, 90, 93-95,
98-102

Luxatemp®, 209

Mandible treatments
CAD/CAM titanium framework/fixed hybrid
prosthesis, 145-171
fixed versus removable prostheses, 88-89
immediate occlusal loading® (I0L®) protocol, 173-
197
implant-retained overdentures with resilient
attachments, 87-105
McGill Consensus on, 87
pre-machined titanium abutment and single-unit
porcelain fused to metal crown, 107-123
splinted versus unsplinted implants, 89-91
Mandibular record base, fabrication of, 160
Master cast
for CAD/CAM titanium framework/fixed hybrid
prosthesis, 158, 159-160
for fractured fixed partial denture re-treatment with
CAD/CAM abutments and new denture
procedure, 132-134
for immediate non-occlusal loading (INOL) protocal,
maxillary, 214-220
for pre-machined titanium abutment and single-unit
porcelain fused to metal crown treatment,
118, 119, 120
Maxilla treatments
immediate non-occlusal loading (INOL) provisional
restoration/definitive restoration central
incisor, 199-225
re-treatment of fractured fixed partial denture with
CAD/CAM abutments and new denture, 125—
143
Medical history, 56
Mucositis, peri-implant, 231

Occulsal overload, 232
Osseointegration
definition, 3
factors influencing, 227
failure, 231
hard tissue integration, 227-229
immediate occlusal loading® (I0L®) protocol,
mandibular, 173-175
phases, 228
soft tissue integration, 229-230
time required for, 230
OSSEOTITE® Certain® Implants, 17-18
abutment screws, 44-45
color coding, 214
cross section diagram of internal connection, 21,
113, 162
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OSSEOTITE® Certain® Implants (continued)

Emergence Profile implant impression copings, 29,

31
Encode® Healing Abutments, 26-27
EP® Healing Abutments, 23-24, 28-29
GingiHue® Posts, 21, 22, 33-34, 205
Immediate Occlusal Loading® (I0L®) Abutments,
32-33, 47
implant analog, 214
implant impression coping, 22, 29
internal connection, 21
laboratory components, 49-53
lengths and catalogue numbers, table of, 18
LOCATOR® Overdenture Abutments, 31-32
pick-up implant impression coping, 22, 29, 30, 31
profile view, 205
Provide™ Abutments, 36-37
retaining screws, 44-45
Twist Lock® implant impression copings, 28-31
UCLA Abutments, 38-41
ZiReal™ Posts, 34-36, 205
OSSEOTITE NT®, 180, 183
OSSEOTITE XP® Certain® Implant, 112
OSSTELL®, 230
Osteocytes, 228
Osteogenesis, 228, 229
Overdenture Abutments, LOCATOR®, 31-32
Overdentures
diagnosis and treatment planning, 71-72
implant-retained overdentures with resilient
attachments, 87-105

Partially edentulous patients
diagnosis and treatment planning, 75-81
cement-retained restorations, 77-79
implant loading protocols, 79-81
screw-retained restorations, 76-77
treatment goals, 76
Patient consultation, 81-83
implant coordinators, 82-83
informed consent, 82
principles, 81-82
Patient selection, 55
Pencil, indelible, 98, 99
Periotest®, 230
Physical examination, for diagnosis and treatment
planning, 60-62
extra-oral examination, 61
intra-oral examination, 62
Pick-up implant impression coping, 22, 29, 30, 31
Planning, diagnosis and treatment, 55-83
diagnostic procedures, 56-60
CT scans, 58-60
diagnostic articular mounting, 62, 63
diagnostic casts, 60
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diagnostic wax patterns, 62, 63
radiographs, 57-58

edentulous patients, 70-75
fixed hybrid implant-retained prostheses-

edentulous mandible, 72-73
fixed hybrid implant-retained prostheses-
edentulous maxillae, 73-75

overdentures, 71-72

implant bone volume, 64-67

implant loading protocols, 79-81
early loading protocol, 80-81
immediate non-occlusal loading protocol, 81
immediate occlusal loading®, 81
single-stage surgical protocol, 80
two-stage surgical protocol, 79-80

implant restorative volume, 67-70

medical history, 56

partially edentulous patients, 75-81
cement-retained restorations, 77-79
implant loading protocols, 79-81
screw-retained restorations, 76-77
treatment goals, 76

patient consultation, 81-83
implant coordinators, 82-83
informed consent, 82
principles, 81-82

patient selection, 55

physical examination, 60-62
extra-oral examination, 61
intra-oral examination, 62

surgical guides, 63-64

treatment planning, 70

Platelet, 228

Polyether impression material, 118

Poly vinylsiloxane impression material, 101, 212
Post

GingiHue® Posts, 21, 22, 33-34, 113, 205, 215, 229
ZiReal™ Posts, 34-36, 205, 215

Posterior Hex Driver, 164

Posterior Square Driver, 141

Preload, 19

Pre-machined titanium abutment and single-unit

porcelain fused to metal crown, 107-123
clinical case presentation, 107-123
appointment 1 (initial examination), 108-109
diagnoses, 109
diagnostic casts, 109
appointment 2 (consultation restorative
dentist/patient), 110-112
treatment plan #1 (implant restoration), 110
treatment plan #2 (fixed bridge), 111
treatment plan #3 (no definitive treatment), 112
appointment 3 (consultation restorative
dentist/surgeon), 112-114
abutment/prosthesis design, 113



healing abutment selection, 114
implant/abutment connection, 113-114
implant restorative wish list, 114
surgical protocol, 114
type/number/size of implants, 112
appointment 4 (implant placement), 114, 115
appointment 5 (restorative follow-up
appointments), 114-115
appointment 6 (reevaluation and determination of
implant impression date), 115-116
custom open face impression tray, 116
tentative abutment selection, 116
appointment 7 (implant level impression), 116-120
clinical procedures, 116-118
laboratory procedures, 118-120
appointment 8 (abutment and crown insertion
appointment), 120-123
abutment placement, 120
cementation, 122, 123
radiographic verification and crown try-in, 120,
121
torque, 121
appointment 9 (follow-up appointments), 123
costs/fees/profitability, 122, 123
literature review, 107-108
Pressure pot, 192
Prognosis
development for the dentition, 13-15
of maintaining compromised teeth
difficult aesthetic cases, 10-13
furcation-involved tooth, 7-8
heavily restored tooth, 6-7
periodontal-prosthesis patient, 8-10
Provide™ Abutments, 36-37, 205

QuickSeat™ Connection, 22, 221

Radiographs
for diagnosis and treatment planning, 57-58
of nonintegrated implant, 232
panoramic, 57
periapical, 57-58
Relate Acrylic Resin, 158, 159
Relining impression, 101
Resin-reinforced glass ionomer cement, 223
Restorative Torque Driver, 167, 192, 222
Restorative Torque Indicator, 121, 192, 208, 209, 213,
222
Restorative volume, implant, 67-70
Retaining screws, 44-45
Rubber dam, 190, 191

Saucerization, 232
Screw-retained restorations. See also specific
applications

crown removal, 215
diagnosis and treatment planning, 76-77
Screws, 44-45
abutment, 44-45, 121, 140, 167
broken inside implant, 18
Gold-Tite™, 44-45, 121, 140, 167, 192-193, 213, 222
loosening, 108
preload on, 19
retaining, 44-45
Square Try-In Screws, 163-164
try-in, 51-52, 120, 139
Silicoating a framework, 164
SIMPLANT®, 58
Soft tissue integration, 229-230
Splash! impression material, 156
Square drivers, 48, 49
Square Try-In Screws, 163-164
STA® Abutment, 205
Standard Square Driver, 164, 165, 167
Stratos® 100 articulator, 135, 216, 217
Superfloss®, 168, 169, 194
Surgical considerations, 227-232
hard tissue integration, 227-229
implant design, 227
implant failure, 231
maintenance, 231-232
osseointegration, factors influencing, 227
quantitative measurements of implant success,
230-231
soft tissue integration, 229-230
traditional/early loading protocols for dental
implants, 230
Surgical guide
CAD/CAM titanium framework/fixed hybrid
prosthesis for treatment of edentulous
mandible, 152
description, 63-64
fabrication of, 95, 109, 182
immediate non-occlusal loading (INOL) protocol,
202, 203

Teeth in a Day™, 174
3i® Implants, 17, 183, 205
Tissue conditioning, 97-98, 153-154, 155
Titanium screws, 44-45
Toothbrush, 169, 209
Torque
for CAD/CAM titanium framework/fixed hybrid
prosthesis, 166-167
Contra Angle Torque Driver, 141
defined, 19
for immediate non-occlusal loading (INOL) protocal,
maxillary, 207, 222
Restorative Torque Indicator, 121, 192, 208, 209,
213, 222

Index 243



Torque wrench test, 230

Treatment planning, 70. See also Planning, diagnosis
and treatment

Triad® resin, 116, 155

Try-in screws, 51-52, 120, 139

Twist Lock® implant impression copings, 28-31

UCLA Abutments, 38-41, 215-216

Veneer fractures, of dentures, 146
Verification index, for CAD/CAM titanium
framework/fixed hybrid prosthesis, 158-159
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Vertical Dimension of Occlusion (VDO), 180, 182, 188
Vinyl polysiloxane impression material, 156
Visgo-gel, 97, 153

Wax patterns, for diagnosis and treatment planning,
62, 63
Wound healing, 228

Xylocaine, 187
Zinc oxide eugenol-free temporary cement, 223

Zinc oxyphosphate cement, 223
ZiReal™ Posts, 34-36, 205, 215
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