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The immediate loading of implant-supported fixed
complete dentures has been well documented
with high success rates in edentulous maxillas

and mandibles.1-5 To avoid extensive surgeries (ie, maxil-
lary sinus augmentation or nerve repositioning), 4 to 6
implants are usually placed in the anterior region of the
jaws; however, this implant distribution often results in
long posterior cantilever length that is biomechanically
unfavorable, especially in immediate-loading situations.
A modification that includes the placement of the most
distal implants in a tilted trajectory to minimize the can-
tilever length has been advocated.6,7 The technique of tilt-
ing the most distal implants can be implemented whether
the clinician chooses immediate or delayed implant load-
ing. However, studies of the immediate-function concept,
which entails simultaneous placement of implants, abut-

ments, and restorations (provisional or definitive), show
promising results with few complications.8-13

Combining these 2 concepts, the All-on-Four imme-
diate-function concept is a simple, safe, and effective sur-
gical and prosthetic protocol for immediate function
(within 2 hours) of 4 implants supporting a fixed prosthe-
sis in a completely edentulous mandible.14,15 While the All-
on-Four immediate-function concept can be used with or
without computer-guided technology, the advent of 3-
dimensional (3D) computer-guided technology optimizes
implant treatment planning, allowing accurate and minimally
invasive surgical procedures to be rendered. Recently, Malo
and colleagues first evaluated and reported the integration of
the All-on-Four immediate-function concept with computer-
guided implant placement for the rehabilitation of completely
edentulous jaws.16 The preliminary results showed that this
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treatment modality can be predictable
with a high implant survival rate.

This article describes the proce-
dures involved in delivering immediate-
ly loaded, fixed complete dentures
using a computer-guided surgical tem-
plate (NobelGuide, Nobel Biocare)
with the All-on-Four immediate-func-
tion concept.

Case Presentation
A 63-year-old man presented with

a completely edentulous maxilla and
partially edentulous mandible (Figures
1 and 2). A treatment plan that includ-
ed an implant-supported maxillary
fixed complete denture, extraction of
tooth No. 31, and a single implant
crown on tooth No. 30 was presented
to the patient. The patient agreed and
consented to the treatment plan.

CT Scan and 3D Image-Based
Treatment Planning 

A definitive maxillary denture
was fabricated with the appropriate
function and esthetics to serve as a
template for the computer-guided sur-
gery. Ten radiopaque markers (Hy-
genic Temporary Dental Stopping,
Coltène/Whaledent Inc), 1.5 mm in
diameter and 1 mm in depth, were
placed in the facial flange of the maxil-

lary denture (Figure 3). A centric occlu-
sion index made of a rigid vinyl poly-
siloxane interocclusal record material
(Exabite II NDS, GC America, Inc) was
fabricated to stabilize the denture
against the opposing dentition during
the computed tomography (CT) scan.

The patient received a CT scan
(LightSpeed VCT, GE Healthcare)
using the double-scan technique. The
first scan was made with the patient
wearing the maxillary denture with
the radiopaque markers. The second
scan was performed with the denture
alone in the same orientation as it
was during the first scan. 

The digital imaging and commu-
nication in medicine (DICOM) data
of the 2 sets of scans were transferred
to the 3D Procera Software Planning
program (Nobel Biocare) and super-

imposed on each other. This program
allowed the clinician to evaluate the
osseous tissue in relation to the posi-
tion of the denture and plan the num-
ber, length, position, and angulations
of the implants and anchor pins. A
total of 4 implants were planned in the
positions of teeth Nos. 5, 7, 10, and 12
(NobelSpeedy Replace, Nobel Bio-
care) in which the implants for teeth
Nos. 5 and 12 were intentionally tilted
distally to avoid the maxillary sinuses
(Figures 4A and 4B). 

The degree of distal implant tilt-
ing will determine the type of pros-
thesis and prosthetic components
involved. When compensating for a
long distal cantilever, a distal implant
trajectory of up to 45º is acceptable.
In such situations, 30º-angulated multi-
unit abutments (Nobel Biocare) are used
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Figure 4—Simulation of implant and anchor pin placement using the 3D Procera Software
Planning Program: (A) occlusal view; (B) lateral view. Note the tilting of the posterior implants
to bypass the maxillary sinuses.  The posterior implants were angulated less than 30º. Guided
anchor pins were planned in a tripod configuration.

Figure 1—Preoperative intraoral view show-
ing edentulous maxilla.

Figure 2—Preoperative panoramic radiograph. Figure 3—Radiopaque markers in the facial
flange of the maxillary denture. 
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on the distal implants to allow for
easy prosthetic screw access and
prosthesis placement (Figure 5).
Because the NobelGuide system pri-
marily controls the vertical and hori-
zontal implant position but not the
rotational implant position, nonen-
gaging angulated abutments (Nobel
Biocare) must be used. An acrylic
resin jig (GC Pattern Resin, GC
America, Inc) between the anterior
straight multiunit abutment and pos-
terior angulated abutment is neces-
sary for proper abutment orientation
transfer from extraoral preparation
to intraoral setting (Figures 6 and 7).
An all-resin prosthesis can be prefab-

ricated with temporary copings
(Nobel Biocare) (Figure 8); however,
one or both distal temporary copings
may not be included in the prosthesis
and will usually be picked-up and
incorporated into the prosthesis
intraorally at the time of prosthesis
placement. 

When the planned distal im-
plants are angulated less than 30º, as
in the described patient situation, the
use of an angulated multiunit abut-
ment is not warranted. Under such
circumstances, guided adjustable
abutments (Nobel Biocare) that are
nonangulated vertically can be used.
The advantages of using guided abut-

ments include the elimination of the
time-consuming temporary coping
pick-up process and the possibility of
definitive prosthesis placement at the
time of surgery.

Three guided anchor pins (Nobel
Biocare) were planned in a tripod con-
figuration between teeth Nos. 5 and 7,
Nos. 7 and 10, and Nos. 10 and 12
(Figures 4A and 4B). The data were then
sent digitally to a laboratory (3D Pro-
cera Software Planning program) for
fabrication of a stereolithographic surgi-
cal template (Nobel Biocare) (Figure 9)
and a duplicate denture.

The stereolithographic surgical tem-
plate and the duplicate denture were
made of a light-sensitive resin; therefore,
they are sensitive to moisture and ultra-
violet (UV) light and when not in use
must be kept in a dry and dark location,
such as a UV-protective plastic bag in
conjunction with a moisture absorber.

Laboratory Phase
Working Cast. The surgical template
contained metallic sleeves (guided sleeve
and anchor pin sleeve, Nobel Biocare)
that corresponded to the location and
the inclination of the planned implants

Figure 8—All-resin prosthesis. Note the
anterior temporary copings integrated with
the resin prosthesis. The posterior copings
were not included in the prosthesis and would
be picked up and incorporated into the pros-
thesis intraorally at the time of prosthesis
placement.

Figure 9—The stereolithographic surgical
template.

Figure 5—Straight and 30°-angulated non-
engaging multiunit abutments were connected
to the anterior and posterior implant replicas
respectively. Note the amount of angulation
compensation of the posterior implant.

Figure 6—The impression copings were con-
nected to the anterior straight multiunit abut-
ments and the jig stabilizers were connected
to the posterior angulated multiunit abutments.

Figure 7—An acrylic resin jig between the
anterior straight multiunit abutment and pos-
terior angulated abutment was fabricated for
proper abutment orientation transfer from
extraoral preparation to intraoral setting.



and guided anchor pins. To fabricate the
maxillary working cast, the implant
replicas (Nobel Biocare) were mounted
in each of the metal sleeves in the surgi-
cal template using guided cylinders with
unigrip pins (Nobel Biocare). The
anchor pins were then inserted into the
anchor pin sleeves and secured with util-
ity wax. A silicone-based material (GI
Mask, Coltène/Whaledent Inc) was
applied on the intaglio surface of the sur-
gical template and trimmed to expose
the replicas and anchor pins. The work-
ing cast was then made with dental die
stone plaster (Modern Materials Die-
Keen Green, Heraeus Kulzer, Inc)
(Figure 10) and mounted in an articula-
tor, using the duplicate denture opposing
the mandibular cast (Figure 11).

Prosthesis. A silicone matrix (Lab-
Putty, Coltène/Whaledent Inc) of the
duplicate denture was made on the
working cast. Guided titanium tem-
porary copings (Nobel Biocare), guid-
ed laboratory abutments (Nobel Bio-
care), and guided laboratory screws
(Nobel Biocare) were connected to im-
plant replicas in the working cast
(Figure 12). The silicone matrix was
used as the guide to form a pattern of
the fixed complete denture titanium
framework using autopolymerizing
acrylic resin (GC Pattern Resin) (Figure
13). The resin pattern was sent to the
laboratory (Nobel Biocare) where the
titanium framework was milled. The
definitive titanium–resin prosthesis
was completed on the working cast

where fit and occlusion were verified
(Figure 14). A surgical occlusion index
(Exabite II NDS, GC America, Inc)
was made between the surgical tem-
plate and the opposing cast on the arti-
culator to provide accurate seating of
the surgical template during the surgery.

Surgical Phase
Before surgery, the surgical template

was soaked in a disinfecting solution
(Cidex Opa, Johnson & Johnson) for 12
minutes at room temperature, rinsed
thoroughly with sterile water, and air-
dried quickly without using heat to pre-
vent its deformation. After local anes-
thetic administration, the surgical tem-
plate was positioned using the surgical
occlusion index. The 1.5 mm ! 20 mm
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Figure 13—The silicone matrix was used as
the guide to form an acrylic resin pattern of
the fixed complete denture titanium frame-
work.

Figure 14—The definitive titanium–resin
fixed complete denture was fabricated before
surgery.

Figure 15—The surgical template was
secured with the surgical occlusion index and
anchor pins.

Figure 10—The maxillary working cast. Figure 11—The working cast was mounted
in an articulator using the duplicate denture.

Figure 12—Guided titanium temporary cop-
ings (silver) and guided laboratory abutments
(gold) were connected to the implant replicas
in the working cast for prosthesis fabrication.
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twist drill (Nobel Biocare) was used for
osteotomy of the guided anchor pins
(Nobel Biocare) and the pins were insert-
ed to secure the surgical template onto
the maxilla (Figure 15). After the surgi-
cal occlusion index was removed, the
first implant osteotomy (tooth No. 7)
was made to completion using the
appropriate sequence of drilling guides
(Nobel Biocare) and twist drills in accor-
dance with the manufacturer’s protocol
(Figure 16). After the implant was placed
with an insertion torque of 45 Ncm, the
template abutment (Nobel Biocare) was
connected to the implant for additional
stability of the surgical template. The
remaining implants were placed in an
alternate position order (teeth Nos. 12,
5, and 10 respectively) (Figure 17). 

After removal of the surgical tem-
plate, the guided abutments (Nobel
Biocare) were inserted between the im-
plants and the prosthesis before the
placement of the prefabricated defini-
tive prosthesis. The self-adjusting abut-
ments (Nobel Biocare) are designed to
compensate for vertical discrepancies
(z-axis) up to 0.4 mm; however, it
should be noted that misfits also can
occur in the horizontal (x-axis) and/or
rotational (y-axis) directions,17,18 which
cannot be compensated for by the
guided abutments. After the fit of the
prosthesis was radiographically veri-
fied, the guided abutment screws
(Nobel Biocare) were torqued down
with 35 Ncm, and the occlusion was
adjusted (Figures 18 and 19). 

Postoperative Care
Appropriate antibiotic and anal-

gesic were prescribed for postoperative
use. The patient was instructed not to
brush, but to rinse the implants gently
with 0.12% chlorhexidine gluconate
(Peridex, Procter & Gamble) for 3
weeks. A liquid diet was prescribed for
the first 2 weeks and a soft diet for the
duration of the implant healing phase
(4 months) was recommended.

Conclusion
Computer-guided implant treat-

ment with the All-on-Four immediate-
function concept allows clinicians to
plan optimal implant positions and ac-
curately execute the plan. Well distrib-
uted implant positions translate to a
biomechanically sound prosthesis sup-
ported by the least number of im-
plants. While additional steps are
involved, they are mostly laboratory
procedures that eventually help expe-
dite the clinical procedures. "c
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