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ABSTRACT

PURPOSE: To evaluate the efficacy of associating techniques of bone grafting in the maxillary sinus with the use of a prototyped
surgical guide for planning and positioning dental implants in total edentulous maxillae, rehabilitated after six months.

METHODS: Eight patients consecutives with totally edentulous maxilla presenting few remaining bone in the posterior alveolar ridge,
associated with pneumatization of the maxillary sinus were selected. Twenty eight Branemark RP 10mm implants were installed in
14 maxillary sinuses. The surgical planning for the implant installation was performed with the DentalSlice software by means of a
computerized tomography. The obtained images were used for building a surgical guide that, placed over the maxilla, showed the exact
position for the implants installation (prototyped surgical guide). The portion of the implants that went into the maxillary sinus was
covered by an autogenous bone graft.

RESULTS: The patients were re-evaluated six months after the surgery and a 100% success rate was achieved. All of the implants
presented no mobility or symptoms, permitting an oral rehabilitation with total fixed screw-retained prosthesis over the implants.
CONCLUSION: The technique of associating implants and bone graft in the maxillary sinus aided by a prototyped guide planned on
DentalSlice has showed itself efficient for positioning implants and for quantifying and locating the bone graft.
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Introduction

Osseointegrated implants represent a treatment alternative
that, in many situations, can be considered as the first choice
for rehabilitation when one or more natural dental elements are
missing. The introduction of the concept of osseointegration made
it possible to offer an additional prosthetic resource for retention
and stability to edentulous individuals, providing satisfactory
functional, aesthetical and psychological results'.

The

Branemark? is based on a protocol comprising two surgical steps

ossecointegrated implantology developed by
defining that, after the implant installation, the surgical sites must
not receive load for a period of three to six months so that the bone
can heal and, thus, to ensure the osseointegration between implant
and bone. Nevertheless, when the oral rehabilitation is performed
according to the conventional surgical protocol it frequently harms
the individual’s professional, social and affective life due to the
wait for the final rehabilitation.

Oral rehabilitation by means of osseointegrated implants
demands a sufficient quantity of bone, permitting a good anchorage.
The healing of the resorbed alveolar bone is one of the current
challenges for clinical dentistry, considering that a proper height
and width are necessary to accommodate an implant with adequate
dimensions and with an axial angulation that makes it possible
to fabricate the prosthesis. In patients with inadequate quantity
of posterior maxillary bone there is the possibility of performing
a maxillary sinus lift with proved efficacy and predictability, if
performed with the aid of bone substitutes to restore a sufficient
quantity of alveolar bone’.

Image examinations by means of computerized
tomography made it possible to develop specific software for
studying the skeletal facial anatomy in detail and permitting
an excellent image-based demonstration of the medullary and
cortical bone, of their irregular borders and the relation of the
dental roots to the adjacent structures. These software are used
for tridimensional surgical planning, permitting the insertion of
the implants with high precision. With this technique it is possible
to immediately install a provisional implant-supported restoration
on the maxillary and/or mandibular region, making it possible to
perform the surgery with minimal incisions, providing a much
lesser traumatic surgery for the patient and, consequently, a
more comfortable post-surgery recovery, with less pain and less
edema*”’.

The purpose of this study was to evaluate the efficacy of
associating techniques of bone grafting in the maxillary sinus with

the use of a prototyped surgical guide for planning and positioning
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dental implants in totally edentulous maxillae, rehabilitated after

six months.

Methods

The study was approved by the Research Ethics
Committee, Federal University of Sao Paulo. The patients agreed
to participate of the study according to Free and Clarified Consent
Term.

For this study, eight patients with totally edentulous
maxillae were selected, regardless of gender or age, presenting
proper clinical and systemic conditions for being submitted to
the surgical procedure, during the period from January 2010 to
March 2012, coming from a Private Practice. The main complaint
reported by the patients was the discomfort of using conventional
total dentures.

The patients were submitted to helical tomography
and the results of the scans were transferred to the DentalSlice
software, which permits to simulate and plan the best place for
the implant installation (Figure 1). The criterion of inclusion for
the patients in the study was that the quantity of bone available
between the crest of the posterior maxillary ridge and the inferior

part of the maxillary sinus ranged from 4 to 8mm.
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FIGURE 1 — Images of the helical computerized tomography, presenting
the sagittal, coronal and axial slices, inserted in DentalSlice.

Two 3.75mm x 10mm Branemark System® (Nobel
Biocare®) implants were planned for each maxillary sinus. On the
anterior areas of the total sample and on the left posterior part
of two patients that had sufficient bone, two more implants were
installed but were not evaluated on this study.

To select the installation places for the implants the
planning was based on the type of prosthesis indicated for
the patients, the number of implants and the distribution of the



masticatory forces. On the DentalSlice software, the implants
were inserted according to the defined prosthetic rehabilitation,
considering their length and the diameter as well as the shape of
the alveolar arch. With the aid of the DentalSlice software the

necessary amount of bone was calculated for the maxillary sinus

augmentation, exceeding the height of the implants by 3mm
(Figure 2).

FIGURE 2 — Planning of the positioning of the implants for oral
rehabilitation with total fixed prosthesis.

We proceeded, then, to sending the planning of the
positioning for the implant installation to Bioparts, the company
that fabricated a prototyped surgical guide and a biomodel of the
maxilla, allowing, thus, a better pre-visualization and planning of
the surgery.

The patient was submitted to the surgical procedure under
local infiltrative anesthesia of the maxillary nerves with 1:200.000
articaine. Guided by the prototype, an incision was performed on
the crest of the alveolar ridge with mucoperiosteal reflection until
the complete exposure of the lateral part of the maxillary bone,
close to the maxillary sinuses (Figure 3).

With the surgical guide in position, by means of the
perforations for inserting the implants, a pre-demarcation was
performed on the bone with round burs in order to facilitate the
installation of the implants (Figure 4). Next, the bone was cut
defining a rectangular shape and the opening of the lateral wall
of the maxillary sinus was performed with curettes and, with very
delicate maneuvering, the sinus membrane was displaced from its

inferior portion (Figure 5).

Virtual planning and construction of prototyped surgical
guide in implant surgery with maxillary sinus bone graft

FIGURE 3 — Incision over the alveolar ridge, divulsion and exposure of
the maxillary bone.

FIGURE 4 — Positioning of the surgical guide to orientate the location of
the implants and the access to the maxillary sinuses.

FIGURE 5 - Opening of the maxillary sinus with displacement of the
sinus membrane for the insertion of the implants and the autogenous graft.

The surgical guide is repositioned in the mouth and the

perforation of the alveolar ridge begins using a 2mm bur until the
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bone is completely ruptured, invading the maxillary sinus. For the
implant installation we followed the sequence of burs used in the

conventional protocol protecting the sinus membrane avoiding,

thus, any possible damage (Figure 6).

FIGURE 6 - Bone perforation performed according to the conventional
sequence of burs for implant installation, ending the procedure with the
invasion of the maxillary sinus.

On the next step, the receptor site of the graft was
coated with gauzes damped in physiologic solution, waiting for
the preparation of the autogenous graft. The inferior alveolar and
buccal nerves were anesthetized with 1:200.000 articaine and a
retromolar incision was made following the oblique line of the
mandible, using trephine burs to collect bone for the graft.

The bone was mashed and put into a disposable syringe
to check the volume to be used on the receptor site. The implants
were coated with particulate bone and the flap was repositioned
and sutured with 5-0 mononylon. The sutures were removed seven
ry (Figure 7).

days after the surge

FIGURE 7 - Finalized implants installed on the alveolar ridge and
covered by the autogenous graft.
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After the

conventional total dentures with a relief of the support over the

surgical procedure, the patients used
operated alveolar ridge. The patients were oriented not to chew
consistent food, which could damage the region of the implants,
and they also should not sleep wearing their dentures.

A surgery was performed six months later to uncover the
implants, using the same surgical guide from the first stage to help
locating those. On this step the intermediate abutments that will
connect the implants to the prosthesis were installed and protected
by healing covers, which have the objective of preventing an
invagination of the gingival tissue over the abutments. Additionally,
some adjustments were performed on the provisional dentures to
match the new clinical condition.

After seven days a panoramic radiography was made to
evaluate the situation of the implants and the efficacy of the bone
graft. Next, impressions of the mouth were taken with the implants
in position, followed by the elaboration and fabrication of the new
prosthesis, with the proper aesthetical and functional tests. The

patients were advised about the care with hygiene and the annual

follow-up appointments (Figure 8).

FIGURE 8 - Fabrication of the prosthesis in a cast following the
orientations of occlusion and antagonist teeth.

Results

The sample consisted of eight patients with completely
edentulous maxillae (two males and six females) aging from 49 to
70 years old, not considering age or sexual dimorphism. Patients
presented a posterior alveolar ridge with heights between 4.5 and
8.0mm measured between the lowest part of the maxillary sinus
and the bony crest of the alveolar ridge, and a minimal thickness
of 5Smm determined by the distance between the most lateral
and the most medial parts of the alveolar bone (Figure 9). In six

patients the implants were installed bilaterally and in two they



were installed on the left posterior area, and in this case the right

maxillary sinuses were considered.

E

hjuaa
to Dieetuingt [ T753] Covonivgk [ 1309 Comr. o | 2503] b 3|34 | @

8

FIGURE 9 - Bone measurements of the alveolar ridge in height and
buccal-palatine width on the anterior region and the region of the
maxillary sinuses.

One week after the second surgical stage, with the aid of
a conventional panoramic radiograph, it was possible to verify if
the installed implants were on the planned places and integrated to
the maxilla. No image of bone discontinuity was observed between
the graft and the maxillary bone, and the implants had a close
contact with both the original maxilla and the grafted bone (Figure
10). The implants were clinically tested for mobility, absence of
pain, infections and neuropathies. It was possible to verify that all

the implants had no mobility and no symptoms (Figure 11).

FIGURE 10 - Conventional panoramic radiography showing the implants
and the autogenous bone graft integrated to the stomatognathic system.

Virtual planning and construction of prototyped surgical
guide in implant surgery with maxillary sinus bone graft

.

FIGURE 11 - Post-surgery aspect of the reopening surgery when tests of
mobility and sensitivity are performed.

It was observed on the final panoramic radiography that
the implants and the prosthesis were positioned according to the
planning from the DentalSlice software, and it was possible to
perform the oral rehabilitation of all the patients with the proposed
surgical technique. The patients expressed their satisfaction with
the stability of the dentures and with the final aesthetical outcome
of the treatment (Figures 12 and 13).

FIGURE 12 - Final panoramic radiography of the prosthesis installed
over the implants.

FIGURE 13 - Finishing of the oral rehabilitation with the implant-
supported prosthesis. A. Frontal. B. Occlusal.
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Discussion

The main complaints of the patients about total dentures
are instability, displacement, discomfort and the embarrassment
when they need to remove them. When the denture is the upper
one, there are references of loss of gustation due to the palatine
portion impeding the tongue from touching the mucosa, blocked
by the acrylic resin of the denture.

For this reason some adhesive materials were developed
to aid on the retention of the prosthesis. Nevertheless, patients that
need a total denture and use this resource almost always express
other complaints, such as the taste, which can be unpleasant, and
that these adhesives frequently have a sudden loss of effect during
their use making the dentures unstable. But in no case at all, with
this resource of retention, they would suppress the bother of the
lack of gustation due to the resin on the palate.

When implants are inserted in the planning of a prosthetic
rehabilitation of edentulous patients, the use of computerized
tomography becomes an important instrument, because it is
possible to have a broad visualization of the dental arches and
of all their anatomic structures, both the alveolar bone and the
adjacent structures.

According to the biomechanical concepts, on CTs it is
possible to program the quantity and the disposition of the implants
aiming for a total rehabilitation of the edentulous area, height and
width of the alveolar bone, anatomical structures close to the
alveolar ridge and the distribution of the masticatory forces on the
prosthesis. On the posterior regions of the maxilla the reduction
of alveolar bone is common, with pneumatization of the maxillary
sinuses in a significant number of edentulous patients.

The present study was based on the techniques of
maxillary sinus floor lift described by Boyne'® and Branemark!!
who demonstrated a bone formation in the sinus cavity permitting
the installation of implants in the posterior maxilla, contradicting
Jacomini'?, who referred that it would not be possible to rehabilitate
the resorbed posterior maxilla with dental implants.

One of the inconveniences of the technique of maxillary
sinus lift is that the treatment with implants requires a second
surgical intervention. On studies of grafts in the maxillary sinus,
the bone used was exclusively autogenous bone gathered from
different donor regions, such as: iliac crest, part of a rib, tibia or
the external portion of the cranial bone'*'5.

However, these areas require a more invasive procedure
increasing, thus, the surgical risk and even the cost of the oral
rehabilitation treatment. With the objective of attenuating the

problems, the oral cavity becomes the area of selection for the
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collection of the graft, although, anatomically, it is limited in bone
quantity as a donor region, restraining the clinical indications.

On the literature are referred the biomaterials used
as bone substitutes in surgeries of maxillary sinus floor lift'¢?2.
The mentioned studies investigated the efficiency of bone grafts
associated or not to other biomaterials for maxillary sinus lift.
The whole of these works showed the efficiency of the technique
regardless of the material used. With the objective of homogenizing
the sample, in this study only autogenous “gold standard” graft was
used, since it is osteogenic, osteoinductive and osteoconductive'’.

Surgeries on the donor site for removing the autogenous
graft in the maxillary sinus can be intra or extraoral. One of the
advantages of the intraoral region is that the procedure can be
performed in the dental office under local anesthesia, broadening
the indications and facilitating its execution with reduced financial
costs, though the bone amount, in some cases, is insufficient.

On the other hand, in the extra-oral region it becomes
possible to obtain a larger and sufficient amount of bone. However,
this situation involves, besides two surgical settings, one for the
bone collection and the other for the graft and implants placement,
a hospital intervention, many times under general anesthesia,
increasing the surgical risk and the costs with hospitalization®.

In this study the intraoral donor areas selected for
gathering the autogenous graft were the retromolar region and the
mandibular symphisis, according to the studies of Caubet et al.'é,
Wheeler et al.* and Johansson et al.** whom also used the oral
cavity as a donor site. The implants were installed at the same
surgical step of the bone graft procedure, with a minimal limit of
4mm of alveolar bone height!®1120.24,

The reference for implant selection was the study
performed by?, demonstrating that a 3.75mm x 10mm implant is
sufficient for supporting a dental element for oral rehabilitation.
This way the maxillary sinuses would be minimally invaded
requiring a smaller quantity of bone graft to completely cover the
implants.

With the measurements obtained on the computerized
tomography exam and the planning of the implants positioning
it was possible to calculate de volume of graft, customizing
the necessary amount of bone for each maxillary sinus of each
studied patient. After the surgery of maxillary sinus augmentation,
contrasting with the study of Urban and Lozada®!, no collagen
barrier was used, because during the sutures of the surgical flap
the periosteum itself was used for closing the access opening to
the maxilla.

The correct positioning of the implants allows easier

prosthetic procedures and also directs the biomechanical forces to



the axis. For this to happen a rigorous planning of the bone sites
and the angles of implantations must be made, and it is necessary
to use a transference device, such as acrylic surgical guide,
necessarily stable and rigid®.

To establish therelation between pre-surgical planning and
the surgery itself some software were developed and are available
on the market for virtual planning and implant installation®’-%%,
There is a lack of articles in the literature addressing the efficacy of
the transference of images from the study of implant placement to
the surgical field®. Di Giacomo et al.** used six surgical guides in
four patients with 21 implants inserted and observed differences in
the distances between the planned and actual implant positions at
the implant level of, in average, 1.45mm and 2.99mm, respectively.
Comparing the results above with those obtained by Chen ez al.’! it
is possible to state that the precision of positioning of the surgical
guide increases when it is supported simultaneously by bone and
the remaining tissues.

Based on the studies of Di Giacomo et al.*° and Sament et
al 3, the DentalSlice software was selected by its easy access and
efficacy for planning. The software permits the insertion of images
of the implants simulating clinical situations in 3D overlapping
the anatomical structures as well as the diameter, length and
positioning of the implants, which can be visualized individually®.
the

information regarding the bone measurements of the alveolar

Based on the concepts of osseointegration,
ridge in height and buccal-palatine width, the dimensions of the
maxillary sinuses and the positioning of the implants, with the
DentalSlice software the portion of the implant that invades the
maxillary sinus can be precisely defined. On the computer screen,
with these information and with the aid of a tool from the software
itself to verify dimensions it was possible to quantify the bone
volume necessary for the maxillary sinus graft surgery. It is
unanimous in the literature that the prototyped guide facilitates
the transference of the planning performed on the computer to the
surgical site. With the technique of fabricating the surgical guide it
was possible to personalize the performed planning, transforming
complex clinical situations in simplified surgeries®®?’.

The precision of the virtual planning and the results
obtained in the surgery were broadly checked, certifying the
technical reliability*®. Supported by these concepts we associated
in this study the computerized tomography, the virtual planning
of the implant installation surgery by means of the DentalSlice
software, the confection of a prototyped surgical guide and the

graft in the maxillary sinus, aiming to reduce time and optimize

Virtual planning and construction of prototyped surgical
guide in implant surgery with maxillary sinus bone graft

the oral rehabilitation treatment.

Conclusion

The technique of associating implants and bone graft
in the maxillary sinus aided by a prototyped guide planned on
DentalSlice has showed itself efficient for positioning implants

and for quantifying and locating the bone graft.
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