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The use of osseointegrated implants
in the treatment planning of maxil-
lary posterior edentulous jaws has
been well-documented.1,2 Since the
first implant was used in dentistry,
clinicians have had to carefully eval-
uate the available bone before plan-
ning an implant-supported rehabili-
tation. In the last few years, guided
bone regeneration (GBR) and sinus
elevation techniques have been
shown to be effective for the place-
ment of endosteal implants in
severely resorbed maxillae. These
surgical procedures have enor-
mously expanded the possibility of
successfully handling compromised
patients with localized bone defi-
ciencies of the maxilla; however,
when posterior jaw atrophy is severe,
a combination of the two techniques
is needed.

Treatment planning depends on
the anatomic features of the area to
be treated; therefore, a classification
of the defects of the posterior max-
illa is advisable. Different classifica-
tions of partially edentulous patients
have been suggested by several
authors.3–5 Kennedy4 divided the
partially edentulous spaces into four
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classes. Class I has a bilateral eden-
tulous space, Class II has a mono-
lateral edentulous space, Class III
has an interdental edentulous area,
and Class IV has an anterior edentu-
lous area crossing the midline. This
classification has been modified by
Misch and Judy6; they divided each
of the four Kennedy Classes into four
divisions based on the height,
length, and thickness of available
bone.

In the present article, a classifi-
cation of the maxillary posterior
edentulous jaw is proposed to pro-
vide some guidelines for rehabilita-
tion with osseointegrated implants
and regenerative procedures (Fig 1):

• Class A: The bone crest is located
about 3 mm from the cemento-
enamel junction (CEJ) of the
adjacent teeth. The alveolar
bone height is at least 6 to 7 mm.

• Class B: The bone crest is located
about 3 mm from the CEJ of the
adjacent teeth. The alveolar
bone height is less than 6 to 7
mm (increased pneumatization
of the maxillary sinus).

• Class C: The bone crest is
located more than 3 mm from
the CEJ of the adjacent teeth.
The alveolar bone height is at
least 6 to 7 mm.

• Class D: The bone crest is
located more than 3 mm from
the CEJ of the adjacent teeth.
The alveolar bone height is less
than 6 to 7 mm (increased
pneumatization of the maxillary
sinus).

Class A patients are easily han-
dled, since no regenerative proce-
dures are required and implants can
be placed following the standard
protocol.1

Class B patients present a large
maxillary sinus but no resorption of
the crestal bone, with a normal inter-
arch distance. This situation can be
overcome with the sinus floor eleva-
tion technique. In these patients, pri-
mary stabilization of the implants is
often difficult due to the inadequate
width and height of the available
bone.7 Elevation of the Schneiderian
membrane for the augmentation of
the maxillary sinus was first de-
scribed by Boyne and James.8

Tatum9 introduced the “one-step”
procedure, which indicates the
simultaneous placement of implants
and the lateral wall procedure.
Several clinical reports have at-
tempted to evaluate the maxillary
sinus elevation technique by using a
variety of bone grafting materials,
such as autogenous bone from the
iliac crest8,10–12 or oral cavity,13–17 as
well as bone substitutes, such as
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Fig 1a (left) Class A: Bone crest is about
3 mm from CEJ of adjacent teeth. Alveolar
bone height is at least 6 to 7 mm.

Fig 1b (right) Class B: Bone crest is
about 3 mm from CEJ of adjacent teeth.
Alveolar bone height is less than 6 to 7
mm (increased pneumatization of maxillary
sinus).

Fig 1c (left) Class C: Bone crest is more
than 3 mm from CEJ of adjacent teeth.
Alveolar bone height is at least 6 to 7 mm.

Fig 1d (right) Class D: Bone crest is more
than 3 mm from CEJ of adjacent teeth.
Alveolar bone height is less than 6 to 7
mm (increased pneumatization of maxillary
sinus).

> 6-7 mm

3 mm

CEJ

↕

> 3 mm

CEJ

> 6-7 mm

3 mm

CEJ

< 6-7 mm

> 3 mm

CEJ

< 6-7 mm

↕

↕

↕

↕

↕

↕

↕



freeze-dried bone allograft (FDBA),18

hydroxyapatite,18–20 and xeno-
graft.18,21 A 1996 conference
attempting to reach consensus on
the optimal treatment protocol con-
cluded that, “The database was so
multivariate and multifactorial that
it was difficult to draw a definitive
conclusion. . . .”22 However, “several
statements were obtained, the most
significant being that the sinus graft
should be considered a highly pre-
dictable and effective therapeutic
method.”22

Class C patients show vertical
resorption of the crestal bone and a
consequent increase of the interarch
distance. A vertical ridge augmen-
tation technique with GBR is re-
quired to avoid an unfavorable im-
plant-crown ratio that could lead to
biomechanical and esthetic prob-
lems. The possibility of vertical ridge
augmentation has been claimed by
several authors using different pro-
cedures.23–25 Simion et al26 showed
the possibility of vertical ridge aug-
mentation up to 4 mm using an
expanded polytetrafluoroethylene
(e-PTFE) membrane to protect the
underlying blood clot. Tinti et al27

combined the same membrane
technique with autogenous bone
graft harvested with a bone filter
from the implant site preparation,
obtaining a mean augmentation of
4.95 mm. Others28 found a benefi-
cial effect of the addition of de-
mineralized FDBA (DFDBA) or auto-
genous bone particles to vertical
ridge augmentation in humans. Fur-
thermore, several authors demon-
strate the long-term stability of
osseointegrated implants placed at

Method and materials

Fourteen partially edentulous
patients treated in the Department
of Periodontology and Implant
Rehabilitation, University of Milan,
School of Dentistry were selected
for this study. The criteria chosen for
including the patients were: (1)
severe crestal atrophy and signifi-
cant pneumatization of the maxillary
sinus (Class D according to the clas-
sification proposed by the authors);
and (2) the possibility of implant
placement by combining a GBR
technique for vertical ridge aug-
mentation and sinus floor elevation.

Three patients were male, and
11 were female. Twelve patients
showed Kennedy Class II eden-
tulism, whereas two patients showed
bilateral partial edentulism (Kennedy
Class I). The age was between 48
and 63 years (mean 53 years). All
patients were in good general
health, without any detectable con-
traindication to implant surgery. Four
of them were smokers (� 20 ciga-
rettes a day). After a complete exam-
ination of oral conditions, all patients
underwent professional oral hygiene.
Periapical radiographs, orthopanto-
mograms, and, in some cases, com-
puterized tomography (CT) scan
examination were used to assess the
morphology of the alveolar ridges. A
clear explanation about the nature
and complications of the surgical
technique to be performed was fol-
lowed by a written consent form.

A total of 38 Brånemark im-
plants (Nobel Biocare) of the sub-
merged type with a machined sur-
face and a length between 10 and

the time of or after bone augmen-
tation.29–32

In Class D patients, the atrophy
is so severe that apical migration of
the crestal bone is associated with a
large maxillary sinus. This situation
cannot be successfully managed
with vertical ridge augmentation or
a sinus elevation alone. The GBR
procedure alone would lead to a cor-
rect interarch distance, but the bone
height would not be sufficient to
allow implant placement; sinus 
elevation alone would permit the
placement of implants in an incorrect
apicocoronal position. A review of
the literature has shown no specific
guidelines to handle this situation. 

The aim of the present clinical
study was to retrospectively evaluate
38 implants consecutively placed
between October 1995 and January
2002 in 16 surgical sites, where
severe atrophy of the posterior max-
illa was treated by combining a sinus
elevation with the vertical ridge
regenerative procedure. 
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15 mm were placed. Two different
surgical techniques were adopted. In
seven patients (16 implants), im-
plants were placed at the same
stage as the regenerative procedure
(one-stage group), thanks to the
availability of at least 6 mm of resid-
ual alveolar bone necessary to
achieve primary implant stability. In
the other seven patients (22 im-
plants), implant placement was per-
formed at second-stage surgery,
after 6 to 13 months of submerged
membrane healing (two-stage
group). Titanium-reinforced e-PTFE
membranes (WL Gore) were used
for the regenerative procedures.
Nine of the sixteen e-PTFE mem-
branes used were of the TR9W type,
and seven were TR6Y.

After the final prosthetic restora-
tion, each patient underwent a main-
tenance program consisting of oral
hygiene and clinical evaluation every
6 months and radiographic exami-
nation once a year. Each implant was
classified as a success, survival, or
failure according to the criteria of
Albrektsson et al.33 Moreover, the
radiographic parameter of the 

distance between the top of the
implant shoulder and the first visible
bone-implant contact (DIB)34,35 was
assessed for every implant at the
mesial and distal sides. DIB mea-
surements were taken at abutment
connection and every year at the
radiographic examination.

Surgical procedure

The surgical procedures were per-
formed in an operating room with
strict hygienic conditions. Pre-
surgical preparation of the patient
included a chlorhexidine diglu-
conate 0.2% mouthrinse (Corsodyl,
GlaxoSmithKline) for 2 minutes and
an extraoral scrub with a povidone-
iodine solution (Betadine, Viatris)
prior to draping. Local anesthesia
with articaine 4% and epinephrine
1:100,000 (Citocartin 100, Molteni
Dental) and a sedative premedica-
tion (diazepam,Valium-2, Roche)
were administered before the
surgery. Details about the surgical
procedure have been described
before36; therefore, the most

important surgical steps are sum-
marized (Figs 2 and 3).

Meticulous preparation of the
recipient site is critical for the suc-
cessful outcome of the regenerative
technique. The surgical procedure
was started with a crestal incision
slightly buccal in keratinized mucosa.
The incision was continued intrasul-
cularly at the two adjacent mesial
teeth. Releasing incisions were made
at the mesial and distal aspects of
the flap, and a full-thickness flap was
elevated. A continuous releasing
periosteal incision was made con-
necting the mesial and distal vertical
releasing incisions on the initial flap
to achieve, at the end of the surgery,
a completely tension-free suture.
After careful removal of the residual
connective tissues on the top of the
crestal bone, opening of the lateral
wall of the maxillary bone was per-
formed using high-speed instru-
mentation to create an oval window
of about 8 mm � 10 mm in the
anterolateral maxilla.37 The mem-
brane was dissected using properly
designed sinus elevators (Hu-Friedy),
and the bone window was reflected
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Fig 2a Atrophic edentulous ridge in pos-
terior maxilla characterized by anatomic
conditions required for participation in the
study.

Fig 2b Orthopantomogram (patient VP)
demonstrates vertical bone defect con-
tiguous to maxillary sinus.

Fig 2c After full-thickness flap elevation,
vertical bone is exposed. Defect height is
about 13 mm.
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Fig 2d Two bone blocks and bone chips
are harvested from mental symphysis.

Fig 2e Bone blocks stabilized into floor
of sinus and at base of defect. Titanium-
reinforced membrane is folded and fixed
toward palatal aspect of ridge.

Fig 2f Autogenous bone chips mixed
with Bio-Oss are packed into sinus and
defect.

Fig 2g Titanium-reinforced membrane is
positioned and stabilized with titanium
tacks.

Fig 2h Orthopantomogram demonstrates
bone graft and membrane in position.

Fig 2i Augmented site just prior to mem-
brane removal and implant placement
after 6 months of uneventful healing.

Fig 2j (left) At removal, membrane is in
proper position, with no clinical sign of
inflammation.

Fig 2k (right) After membrane removal, it
is possible to recognize the regenerated
bone.

Fig 2l (left) Orthopantomogram shows
implants in maxillary right lateral incisor to
second premolar sites at time of mem-
brane removal.

Fig 2m (right) Orthopantomogram after
5 years of prosthetic loading. Minor crestal
bone remodeling is visible at canine site.



as the roof of the cavity in which the
graft had to be inserted. The graft
was harvested from the mandibular
symphysis in eight patients and from
the ramus (retromolar region) in
seven cases. 

Ramus donor site

This donor site is usually chosen
when the third molar is missing and
when only a limited amount of bone
is required. The incision started 2 to
3 mm distal from the second molar,
with a distovestibular direction. A
vertical releasing incision was made
at the mesial aspect of the crestal
incision. The flap was then elevated,
and the bone was collected using
trephine burs (8 and 10 mm in diam-
eter) and chisels to remove the bone

blocks. Attention should be paid to
leave at least 3 mm of intact bone
above the alveolar nerve and not to
touch the lingual wall of the ramus.
The flap was closed with single inter-
rupted sutures.

Mandibular symphysis donor
site

A horizontal full-thickness incision
was made from canine to canine
about 10 mm apical to the mucogin-
gival junction. After flap elevation,
the bone was collected using
trephine burs (8 mm diameter) and
chisels. The depth of each cut should
be related to the dimension of the
donor site but is usually about 5 to
6 mm. The coronal limit of the area
of bone harvesting is located about

5 mm apical of the apex of the ante-
rior teeth; the apical limit is 5 mm
coronal to the inferior border of the
chin; and the lateral limit is 5 mm
mesial to the mental foramen.38 A
collagen sponge (Gingistat, Vebas)
was placed as a hemostatic agent in
the donor site to reduce postopera-
tive swelling and hematoma forma-
tion. The flap was closed with a two-
layer suturing technique. The
internal layer was sutured with a
resorbable material and a horizontal
mattress technique; the external
layer was sutured with a nonre-
sorbable material and a continuous
technique.

The harvested bone was then
particulated using a bone mill (R
Quetin). Particulated bone was also
collected with bone filters in the suc-
tion tips. Because of the anatomy of
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Fig 3a (left) Orthopantomogram (patient
NL) shows atrophic edentulous ridge at
maxillary left second premolar and first
molar sites.

Fig 3b (right) Two Brånemark implants
are placed in ideal prosthetic position at
time of sinus elevation and vertical ridge
augmentation.

Fig 3c (left) Radiographic control after 13
months of healing, just before membrane
removal.

Fig 3d (right) Orthopantomogram after 7
years of prosthetic loading. Peri-implant
regenerated bone at left second premolar
and first molar sites and bone level of first
premolar are radiographically stable.



the defect in two patients, the graft
was positioned as a block. For the
vertical ridge augmentation proce-
dure, only autogenous graft was
used; for the sinus floor elevation
technique, the autogenous bone
graft was mixed with anorganic
bovine bone (Bio-Oss, Geistlich) in a
1:1 ratio in all patients except two (LE
and OA; Table 1). The autogenous
xenograft combination was used to
add the osteoconductive properties
of the xenograft to the osteogenetic
and osteoinductive properties of the
autogenous bone. Moreover, the
necessity of major surgery to collect
the bone was always avoided. 

Positioning bone graft in 
recipient site

In the one-stage group, vertical
ridge augmentation was started by
positioning the implants protruding
2 to 7 mm from the top of the bone
surface. In the two-stage group,
ridge augmentation was started by
positioning two tenting screws
(Osteomed) on top of the residual
ridge to maintain an adequate space
underneath the membrane.

Several drill holes were per-
formed on the cortical bone sur-
face to ensure bleeding and acti-
vate bone formation. A TR6Y or a
TR9W titanium-reinforced mem-
brane was then carefully adapted to
the crestal defect and fixed with
mini-screws in the palatal portion
of the area to be regenerated. The
membrane was trimmed so that the
margins overlapped the residual
crestal bone by at least 3 to 4 mm.

removed to allow assessment of
the amount of new bone forma-
tion. In the two-stage group, the
tenting screws were removed and
two to three Brånemark implants
were placed following the standard
protocol.1

In the one-stage group, abut-
ment surgery was performed at the
time of membrane removal; in the
two-stage group, it occurred 6
months after implant positioning.
Healing abutments were maintained
for 4 to 6 weeks to obtain proper
healing of the soft tissue. The im-
plants were progressively loaded
during the following 6 months.

After the final prosthetic restora-
tion, 13 patients underwent a main-
tenance program. One patient did
not respond to the recalls and was
withdrawn from the study. The fol-
low-up was between 1 and 7 years
(mean 3.4 years).

Particular attention was paid to
avoid any interference with the peri-
odontal structures of the adjacent
teeth. 

The particulated graft was then
placed underneath the partially fixed
membrane and inside the sinus to
completely fill the space. The mem-
brane was then folded over and
definitively fixated in the buccal 
portion of the maxillary bone using
mini-screws to avoid any possible
movements of the membrane or un-
derlying grafted bone. The flap was
sutured with vertical mattress sutures
(Gore-Tex, WL Gore) alternated with
simple interrupted stitches.

Postoperative care

All patients underwent antibiotic
prophylactic treatment starting 1 day
before surgery and then twice a day
for 1 week (amoxicillin/clavulanic
acid, Augmentin, GlaxoSmithKline).
After surgery, patients received an
antiinflammatory agent for about 1
week (ketoprofen, Orudis, Aventis
Pharma). All patients were checked
for exposures of the regenerative
material 1 week after surgery. Sut-
ures were removed after 2 weeks,
and patients were recalled once a
month for the following 6 months.

Membrane removal was per-
formed with a crestal incision and
mesial and distal releasing inci-
sions. The full-thickness flap was
then elevated, and the membrane
was gently dissected from the
bone. The residual thin soft tissue
layer between the membrane and
regenerated bone was completely
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Results

The clinical results of the study are
summarized in Tables 1 and 2. Two
membranes became exposed dur-
ing the healing process (12.5%). One
membrane exposure happened
after 1 week; the membrane and one
of the two implants were removed,
and no regeneration was achieved.
In the second case, the membrane
became exposed after 5 weeks. The
membrane was gently removed to
avoid damage to the immature
underlying tissue, and the implants
were not removed because they
were clinically stable. In the remain-
ing 14 sites (87.5%), the membrane

remained covered for a 6- to 13-
month healing period. At removal,
no signs of inflammation of the sur-
rounding tissues were noted, and
the membrane was firmly attached
to the underlying newly formed tis-
sue. Membrane removal showed a
thin soft tissue layer (less than 1 mm)
covering a hard tissue with the clin-
ical appearance of bone. The sinus
augmentations were uneventful in
all cases, without any sinusitis or loss
of bone graft. 

Sixteen implants (seven pa-
tients) were placed at time of the
regenerative procedure; 22
implants (seven patients) were
placed at the time of membrane

removal. The survival rate of the
implants was 92.1%, whereas the
success rate was 76.3% during the
follow-up period from 1 to 7 years
postloading. Three implants (7.9%)
failed. All three failed implants were
associated with the two surgical sites
where membrane exposure hap-
pened. Implant 23 was removed just
1 week after the surgery because of
membrane exposure, and no pri-
mary stabilization of the implant was
achieved. Implants 36 and 37 were
removed at second-stage surgery
because no osseointegration was
obtained. In all other cases, good
primary stability was achieved and
healing was successful.
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Table 1 Overview of 16 surgical sites where severe atrophy of posterior maxilla was treated by 
combining sinus elevation with vertical ridge regeneration 

Maxillary No. Membrane
Age Surgery ridge Group Membrane of healing

Patient (y) Sex Smoker date site (stages)* Graft type implants time (mo)

NML 54 F Yes 10/31/95 Left One AC + Bio-Oss TR6Y 2 13
LL 50 F No 05/09/96 Left Two AC + Bio-Oss TR9W 2 6
VP 48 M Yes 11/25/97 Right Two AC + Bio-Oss TR9W 2 7
LE 51 M No 12/11/97 Left Two AC TR9W 2 7
CF 59 F Yes 02/23/98 Right One ARS + Bio-Oss TR6Y 2 8
LR (a) 58 F No 09/08/98 Right Two AC + Bio-Oss TR6Y 2 7
LR (b) 63 F No 01/22/02 Left Two AC + Bio-Oss TR9W 2 5
OA 59 F No 11/25/98 Right Two AC TR6Y 3 7
ZC 43 F No 11/11/99 Left One ARS + Bio-Oss TR6Y 2 7
SP 57 F No 05/15/00 Left One AC + Bio-Oss TR6Y 2 8
TE† 51 M No 06/15/00 Left One ARS + Bio-Oss TR6Y 2 —
FML 52 F Yes 02/26/01 Left One ARS + Bio-Oss TR9W 3 7
LM 55 F No 11/14/01 Left One ARS + Bio-Oss TR9W 3 6
MA (a) 48 F No 05/17/01 Right Two ARS + Bio-Oss TR9W 3 6
MA (b) 48 F No 05/17/01 Left Two ARS + Bio-Oss TR9W 3 6
SM† 57 F No 06/23/98 Left Two AC + Bio-Oss TR9W 3 1

*One stage = implants placed at time of regenerative procedures; two stages = implants placed at time of membrane removal.
†Membrane exposed;healing was uneventful in all other patients.
AC = autogenous from chin;ARS = autogenous from retromolar space.
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Table 2 Overview of 38 Brånemark implants placed in 16 augmented sites 

Implant Abutment Follow-
Implant Implant length Implant connection DIB0 DIB0 DIB1 DIB1 up

Patient No. Site* type (mm) diameter date Healing† mesial distal mesial distal (y)

NML 1 25 Mk II 13.0 RP 11/12/96 Success 0.0 0.0 1.0 1.0 7
2 26 Mk II 13.0 RP Success 0.0 0.0 1.5 1.5

LL 3 25 Mk II 11.5 RP 09/09/97 Survival 0.0 0.0 5.0 6.0 6
4 26 Mk II 11.5 RP Survival 0.0 0.0 4.5 3.5

VP 5 14 Mk II 15.0 RP 11/11/98 Success 0.0 0.0 1.0 1.5 5
6 15 Mk II 13.0 WP Success 0.0 0.0 1.5 2.0

LE 7 24 Mk IV 13.0 RP 02/25/99 Success –1.5 –1.0 1.0 1.0 4
8 25 Mk IV 13.0 RP Success –1.0 –0.5 1.5 1.0

CF 9 15 Mk II 15.0 RP 10/19/98 Survival 0.0 0.0 1.5 5.0 5
10 16 Mk II 13.0 RP Success 0.0 0.0 1.0 1.0

LR 11 15 Mk IV 13.0 NP 10/04/99 Success 0.0 0.0 1.0 1.0 4
12 16 Mk IV 13.0 RP Success 0.0 0.0 1.5 1.5
13 25 Mk IV 13.0 RP 10/10/02 Success 0.0 0.0 1.0 1.0 1
14 26 Mk IV 13.0 RP Success 0.0 0.0 1.0 1.0

OA 15 14 Mk II 13.0 RP 11/25/99 Survival 0.0 1.5 1.5 5.0 4
16 15 Mk II 10.0 RP Survival –1.0 1.0 2.0 3.0
17 16 Mk II 10.0 RP Success –1.0 1.0 1.5 1.5

ZC 18 25 Mk IV 13.0 RP 05/18/00 Success –2.0 0.0 — — WD
19 26 Mk IV 13.0 RP Success –1.0 0.0 — —

SP 20 25 Mk IV 13.0 RP 01/11/01 Success 0.0 0.0 1.0 1.5 2
21 26 Mk IV 13.0 RP Success 0.0 0.0 1.5 1.0

TE 22 25 Mk III 13.0 RP 06/20/00 Success 0.0 0.0 1.0 1.5 2
23 27 Mk III 13.0 WP Failure —      —             — —

FML 24 24 Mk IV 13.0 RP 09/27/01 Success 0.0 0.0 1.0 1.5 2
25 25 Mk IV 13.0 RP Success 0.0 0.0 1.0 1.0
26 26 Mk III 15.0 RP Success 0.0 0.0 1.0 1.0

LM 27 24 Mk III 13.0 RP 05/21/02 Success 0.0 0.0 1.0 1.0 1
28 25 Mk III 13.0 RP Success 0.0 0.0 1.0 1.0
29 26 Mk IV 13.0 RP Success 0.0 0.0 1.0 1.0

MA 30 14 Mk III 13.0 RP 06/06/02 Success 0.0 0.0 1.5 2.0 1
31 15 Mk III 10.0 RP Success 0.0 0.0 1.5 1.5
32 16 Mk IV 10.0 RP Success 0.0 0.0 1.0 1.0
33 24 Mk IV 13.0 RP Success 0.0 0.0 1.5 1.0
34 25 Mk III 13.0 RP Success 0.0 0.0 2.0 1.5
35 26 Mk IV 10.0 RP Success 0.0 0.0 1.5 1.5

SM 36 24 Mk IV 13.0 RP 12/16/99 Failure 0.0 0.0 — — 4
37 25 Mk IV 13.0 RP Failure 0.0 0.0 — —
38 26 Mk IV 13.0 RP Survival 0.0 0.0 2.5 1.0

*Fédération Dentaire Internationale tooth-numbering system.
†According to criteria of Albrektsson et al.33

DIB0 and DIB1 = distance between top of implant shoulder and first visible bone-implant contact at abutment connection and last follow-up, respectively;
RP = Regular Platform;WP = Wide Platform;NP = Narrow Platform;WD = withdrawal.



At abutment connection, the
mean DIB was –0.14 mm (range –2.0
to 0.0 mm, standard deviation [SD]
0.38) at the mesial side and 0.06 mm
(range –1.0 to 1.5 mm, SD 0.41) at
the distal side; at the last follow-up,
the mean DIB was 1.52 mm (range
1.0 to 5.0 mm, SD 0.91) at the mesial
side and 1.74 mm (range 1.0 to 6.0
mm, SD 1.29) at the distal side. A
comparison of the DIB values
between abutment connection (DIB
0) and the last examination (DIB 1)
showed a mean crestal loss (�DIB) of
1.65 mm (SD 0.98) at the mesial side
and 1.68 mm (SD 1.18) at the distal
side.

Discussion

This retrospective clinical study pro-
vides the first 1- to 7-year results on
implants placed combining the tech-
niques of sinus floor elevation and
vertical ridge augmentation in the
same surgical site. Almost all data
were in accordance with a previous
long-term study31 on osseointe-
grated implants placed in vertically
augmented bone with a membrane
technique. That study retrospectively
considered 123 implants consecu-
tively placed in 53 vertically aug-
mented ridges and evaluated after a
period of functional loading varying
from 16 to 69 months. Radiographic
analysis showed stable bone crest
levels, with a mean bone loss vary-
ing from 1.35 to 1.87 mm during the
period of observation. On the basis
of the presented results, the authors
concluded that bone vertically aug-
mented with GBR techniques

responds to implant placement like
native, nonregenerated bone.

In the present study, three of 38
implants failed, for a survival rate of
92.1% and a success rate of 76.3%.
The implant failure was clearly a con-
sequence of the lack of bone regen-
eration associated with the early
membrane exposure and removal.

At the first-year examination, six
implants (Nos. 3, 4, 9, 15, 16,  and
38) demonstrated crestal bone loss
(�DIB) greater than the normal value
of 1.5 to 2.0 mm. However, bacter-
ial infection can be excluded as an
etiologic factor because of the
absence of clinical signs of marginal
inflammation or purulent exudate.
Since the bone level remained stable
at the following examinations, the
bone loss could be ascribed more to
excessive remodeling of the imma-
ture regenerated bone after pros-
thetic loading. All remaining im-
plants appeared clinically stable, and
no signs of radiolucency were pre-
sent at the bone-implant interface;
therefore, these could be defined as
successfully osseointegrated accord-
ing to the criteria of Albrektsson et
al.33

In the present study, the success
rate of the implants (76.3%) was not
in accordance with a previous long-
term study,31 where the success rate
of implants positioned with vertical
ridge augmentation was 97.5%.
According to the authors, this dif-
ference is because, in the present
study, implants were placed only in
the maxillary posterior jaw (the bone
quality is lower than in the mandible)
and because of the association with
the sinus elevation technique.
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The results of the present ret-
rospective study provide the first
human data on implants placed in
jawbone vertically augmented with
GBR techniques associated with
sinus floor elevation following 1 to
7 years of functional load. The
mean bone loss of 1.65 to 1.68 mm
is also in accordance with previous
long-term studies on implants
placed in horizontally regenerated
bone.29,39–44

The bone regenerated vertically
by means of sinus floor elevation
and supracrestal GBR showed the
same biologic behavior as native,
nonregenerated bone; however, in a
few cases, its remodeling pattern
seemed to determine slightly higher
bone crest resorption. This possible
phenomenon must be taken into
account during surgical treatment
planning; overcorrection of the ver-
tical bone level could be necessary.
Further research is also needed to
evaluate the possibility of reducing
bone crest resorption by using anor-
ganic bovine bone for vertical ridge
augmentation, as suggested by
Zitzmann et al.45
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