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In 1994, a preliminary 6-year retrospective
report1 described a maxillary 1-stage inlay com-

posite bone graft procedure involving 30 recipient
sites (20 patients and 83 implants) in the floor of
the antral and nasal cavities via an intraoral
antrostomy or anterior nasotomy exposure. All
iliac corticocancellous block bone grafts healed
without evidence of oral, antral, or nasal sepsis
(100% success). Of the 83 implants placed simul-
taneously in the bone grafts, 5 were removed
because of failure to achieve or maintain osseointe-

gration (6% implant failure). Fixed or fixed-
removable prostheses were utilized in all 20
patients. During the study period, all patients had
continuous prosthesis function. That initial report
provided a pertinent literature review to 1994 
and detailed surgical techniques involving the
donor and recipient sites. The surgical and pros-
thetic treatment protocol has not changed since 
that 1994 report. The present study involves addi-
tional patients in whom inlay bone grafts were 
placed into the same anatomic recipient sites via a
modified approach; that is, maxillary Le Fort I
osteotomy downfracture exposure in addition to
the oral antrostomy or anterior nasotomy expo-
sure. The surgical technique for the Le Fort I
downfracture approach has previously been
described.2–4 The surgical technique for obtaining
autogenous iliac bone utilized in 49 of 54 patients
has been described by Keller and Triplett5 and oth-
ers 6,7 and is associated with a favorable prognosis,
having minimal surgical morbidity when done
from the anteromedial approach.
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Maxillary Antral-Nasal Inlay Autogenous Bone 
Graft Reconstruction of Compromised Maxilla: 
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During a 12-year period (1984–1996), 118 maxillary inlay autogenous bone grafts and 248 commer-
cially pure titanium threaded root-form endosseous implants were placed in 54 consecutively treated
patients with compromised maxillary bone. In this retrospective clinical study, 3 groups of patients
were reviewed, group selection being based on anatomic location and surgical access to the recipient
site. Group 1 included patients with bone grafts placed in the antrum floor via an intraoral antrostomy
exposure, group 2 included patients with bone grafts placed in the nasal floor via an anterior intraoral
nasotomy exposure, and group 3 included patients with bone grafts placed in the antral and nasal floor
via an intraoral Le Fort I osteotomy downfracture exposure. Each patient received an implant-supported
dental prosthesis. For the combined 3 groups, survival rates were 87% for endosseous implants and
100% for autogenous bone grafts. The success rate for the dental prostheses in the 3 groups was 95%.
Sixty-nine dental prostheses functioned a mean of 57.1 months, whereas 3 prostheses required remak-
ing because of implant loss. Of the medical and mechanical risk factors tabulated in this study, current
use of nicotine, history of sinusitis, molar site implant placement, and shorter implant lengths had the
most influence on implant failure.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:707–721)
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Methods and Materials

Medical, surgical, and prosthetic records were
reviewed in 54 patients with advanced maxillary
bone resorption in whom autogenous inlay bone
grafts were placed in the maxillary antrum or nasal
floor. Three distinct treatment groups were identi-
fied on the basis of the surgical approach utilized to
gain access for placement of the antral or nasal
inlay bone grafts. The inlay bone graft studied in
this report, in contrast to the onlay bone graft
reported previously for a similar group of maxillary
compromised patients,8,9 is placed superior to the
resorbed edentulous alveolar ridge in the antral or
nasal floor, rather than inferior to the alveolar
ridge, when onlay grafting techniques are utilized.
The endosseous implant in the inlay graft traverses
through the residual alveolar bone before it engages
and penetrates the nasal or antral bone graft. All
titanium endosseous implants used were Bråne-
mark System (Nobel Biocare USA, Westmont, IL).

Three patient groups were studied: group 1
comprised 37 patients with 58 recipient sites and
40 dental prostheses, in whom the antral floor
bone graft was placed via an intraoral antrostomy
exposure; group 2 comprised 15 patients with 32
recipient sites and 15 dental prostheses, in whom
the nasal floor bone graft was placed via an intra-
oral anterior nasotomy exposure; and group 3
comprised 10 patients with 28 recipient sites and
14 dental prostheses, in whom the nasal or antral
bone graft was placed via an intraoral Le Fort I
osteotomy downfracture exposure. Eight patients
were included in 2 groups (group 1 and group 2
because they had both an intraoral nasotomy and
antrostomy as separate procedures).

Review of the Mayo Clinic medical records
identified patient age and gender, as well as signifi-
cant medical diagnoses that could place the patient
at increased risk of compromised bone graft heal-
ing or failure to achieve and maintain endosseous
implant osseointegration. These potential factors
are: (1) nicotine use; (2) altered bone metabolism
associated with menopause, excessive exogenous
steroids, or endocrine or metabolic disease; (3)
previous physical tissue insults that compromised
blood supply or decreased cellular viability, such
as irradiation, chemotherapy, trauma, or sepsis
(sinusitis); and (4) significant cardiovascular dis-
ease affecting peripheral vasculature.

Review of the surgical records documented
dates of surgical procedures for implant place-
ment, uncovering or removal of endosseous
implants, and management of postsurgical oral,
antral, or nasal complications. The surgical

approach (antrostomy, nasotomy, or Le Fort I
osteotomy) and procedure type (1- or 2-stage)
were identified for each patient. Details of the
bone graft and endosseous implant reconstruction
obtained from surgical dictation notes included
bone graft data—type (cortical, corticocancellous,
or cancellous); form (block or particulate); and
donor site (ilium, mandible, maxillary tuberosity,
or alveolus)—and implant data—number placed
and removed; type (regular, self-tapping, wide,
Mark II self-tapping); and length (7 to 20 mm).
Implant location (corresponding to tooth numbers
1 to 16) was obtained from the surgical dictation
or from pretreatment or follow-up radiographic
imaging. Intraoperative complications or difficul-
ties associated with the implants, bone graft, or
nasal/antral cavities were recorded. Generally,
details of antral membrane integrity were not
recorded by the surgeon, because this bone graft-
ing method (corticocancellous block in the antral
floor) is not significantly affected by the membrane
integrity. In addition, repair of a ruptured antral
membrane was not attempted when it occurred in
a healthy, well-ventilated antrum. Pretreatment
and current surgical follow-up notes and radio-
graphs were analyzed for all patients.

Review of the prosthetic records documented
the prosthesis placement date (and subsequent
months of prosthetic loading); prosthesis type
(fixed, fixed-removable, overdenture); and oppos-
ing mandibular arch occlusion (natural teeth,
implant-supported prosthesis, or fixed-removable
partial or complete denture). The most recent
prosthesis evaluation and follow-up dental records
were reviewed. To be included in this study, the
patients had to have 6 months of continuous pros-
thesis function. Delays in prosthesis fabrication as
well as the need to remake or modify the prosthe-
sis secondary to implant loss were recorded.

The status of peri-implant soft tissue, implant
marginal bone level, and antral-nasal cavity health
were not quantified. However, all patients were eval-
uated clinically and radiographically by prosthodon-
tists, restorative dentists, or oral and maxillofacial
surgeons when symptoms or physical findings indi-
cated. Likewise, treatment related to abnormalities
in these areas was noted and recorded.

After collection of medical, surgical, and pros-
thetic data, implant loss associated with medical or
mechanical risk factors was recorded. The identi-
fied medical risk factors were postmenopause
(with or without estrogen replacement), nicotine
use (past and current), previous history of sinusitis
requiring medical or surgical treatment, previous
head and neck irradiation for malignancy, diabetes
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mellitus, significant cardiovascular disease, and
prolonged exogenous steroid exposure. Mechani-
cal risk factors included months of implant func-
tion; implant location (molar, premolar, or anterior
sites); and opposing mandibular occlusion (natural
teeth, implant-supported prosthesis, or fixed-
removable partial or complete denture).

Results

This 12-year retrospective clinical review repre-
sents consecutively operated patients, with no
patients lost to follow-up. One patient died of
malignant disease during the study (5 years after
bone graft and implant placement).

Group 1 (Antral Placement via Oral Antrostomy).
General Data. Thirty-seven patients (24 females and
13 males) with a mean age of 56 years (range, 18 to
73) underwent 58 antral bone graft placements via
oral antrostomy (Table 1, Figs 1 to 4); 55 antral
grafts were accomplished in 1 stage and 3 were done
in 2 stages. In the three 2-stage reconstructions, 2
antra received delayed implant placement (2
implants in each antrum) because of previous loss of
implants. The third antrum was anatomically too
narrow to allow simultaneous implant and block
bone graft placement (implant placement was
delayed 5 months, and the antral block bone graft
was stabilized with wire osteosynthesis).

Bone Graft Data. All 37 patients (58 antral
recipient sites) received block bone grafts (Table
1). Corticocancellous bone from the anterior iliac
crest was placed in 57 antra, and a cortical graft

from the anterior mandible was placed in 1
antrum. All bone grafts healed uneventfully.

Endosseous Implant Data. One hundred thirty-
nine implants were placed in 58 antra (2.4
implants per antrum); 20 (14.4%) were removed
from 12 antra in 10 patients, and 2 osseointe-
grated implants remained nonfunctional (sleep-
ing) (Tables 1 and 2). Fourteen of the 20 removed
implants in 7 patients were not osseointegrated at
the time of uncovering surgery. The remaining 6
removed implants in 4 patients had functioned 8
months (1 implant supporting a fixed prosthesis),
10 months (1 implant supporting a fixed prosthe-
sis), 30 months (2 implants supporting fixed
prostheses), and 31 months (2 implants support-
ing an overdenture).

Implant Type. Of the implants placed, 119 were
3.75-mm routine self-tapping, 9 were 4.00-mm-
wide, 8 were 3.75-mm Mark II self-tapping, and 3
were 3.75-mm regular (Table 2). Only 3 implants
(3.75-mm regular) required pretapping before
placement. Implant removal was 11.8% for regu-
lar self-tapping implants (14 of 119 removed),
whereas implant removal was more common (but
not statistically significant because of the small
number placed) for the routine 3.75-mm implants
(1 of 3 removed), wide 4.00-mm implants (3 of 9
removed), and Mark II 3.75-mm self-tapping
implants (2 of 8 removed).

Implant Length. Of the implants placed, 8 were
10 or 13 mm long (2 or 25% removed) and 131
were 15, 18, or 20 mm long (18 or 13.7%
removed).

Table 1 General, Bone Graft, and Implant Data*

Group 1 Group 2 Group 3 Total

No. of patients (male/female) 37 (24/13) 15 (12/3) 10 (6/4) 62 (42/20)
Mean age (y) (range) 56 (18 to 73) 59 (30 to 73) 28 (15 to 65) 48 (15 to 73)
No. of recipient sites 58 32 28 (16 antral/12 nasal) 118 (74 antral/44 nasal)
Surgical type 55 one-stage, 30 one-stage, 2 one-stage, 87 one-stage,

3 two-stage 2 two-stage 26 two-stage 31 two-stage
Bone graft type 1 cortical, 2 cortical, 6 cortico- 28 cortico- 3 cortical, 91 cortico-

57 cortico- cancellous, 24 cancellous cancellous, 24
cancellous cancellous cancellous

Bone graft form 58 block 6 block, 26 partic- 28 block 92 block, 26 partic-
ulate ulate

Bone graft donor site 57 ilium, 1 24 ilium, 6 maxillary 28 ilium 109 ilium, 1 mandible,
mandible tuberosity, 2 6 maxillary tuberosity,

alveolar 2 alveolar
No. of implants placed 139 56 53 248
No. of implants removed 20 (2) 4 (1) 9 (0) 33 (3)

(nonfunctioning)
Percent of implants removed 14.4 7.0 17.0 13.3

*Eight patients were counted twice because they had both an intraoral nasotomy and antrostomy as separate procedures.
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Figs 3a and 3b Surgical photos of antral recipient sites in totally (left) and partially
(right) edentulous patients. The cortex of the bone graft is facing laterally (antrostomy)
and superiorly (antral membrane), and the cancellous portion faces the antral floor and
medial wall (lateral nasal wall), where it ultimately receives its blood supply. Endosseous
implants traverse through the residual ridge cortex and then through the corticocancel-
lous block bone graft.

Fig 2 Surgical photo of iliac donor site
for autogenous corticocancellous block
bone graft; note preservation of lateral
cortex of anterior iliac crest. This bone
graft contains both cortical and dense
cancellous bone.

Fig 1 Drawing of 1-stage antral and nasal composite inlay bone graft procedure via an oral antrostomy
or oral nasotomy surgical exposure. Note bicortical implant stabilization (residual ridge cortex and iliac
bone graft cortex facing antral or nasal cavity) and preservation of antral or nasal mucosa. The
endosseous dental implants serve to skeletally fix the autogenous bone graft and later function as skele-
tal anchorage of the dental prosthesis.

Prosthetic Data. Thirty-seven patients received
40 dental prostheses (30 fixed, 5 fixed-removable,
and 5 overdentures); 26 prostheses were opposed
by natural teeth and 14 opposed a fixed implant
prosthesis (Table 3). Of the 4 patients in whom
implants were removed after prosthetic loading, 3
had natural teeth opposing the implants; also, 3 of

the 4 patients who lost implants had implants
supporting a fixed prosthesis (the fourth had an
overdenture prosthesis). Of the 4 patients who
lost implants after prosthesis function, 2 patients
required minor prosthodontic modifications (1
patient visit), 1 patient required a prosthesis
remake when 2 implants were lost after 30

Maxillary
antrum

Endosseous
dental implants

Corticocancellous
bone graft

Antrostomy

Turbinate

Nasal
septum

Cancellous
bone chips

Titanium implant

Cancellous
bone

Cortical
bone

Antrum
membrane

Ostium

Orbit

Lip mucosa

Nasal floor
(palate)

Vomer
(midline)Bone

graft

Cartilaginous septum
(midline)

Nasal
mucosa

Anterior 
nasal spine
Residual
alveolar ridge

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



The International Journal of Oral & Maxillofacial Implants 711

Keller et al

months of function, and the fourth patient
required a prosthesis remake when 1 implant on a
2-implant reconstruction was lost after 8 months
of function (a new implant was placed). One 8-
month prosthesis delay occurred when 6 of 8
implants were initially nonintegrated in a bilateral
antral reconstruction; 4 additional implants were

placed in the healed bone graft and a complete-
arch fixed-removable prosthesis was eventually
fabricated.

Group 2 (Nasal Placement via Oral Nasotomy).
General Data. Fifteen patients (12 females and 3
males) with a mean age of 59 years (range, 30 to
73) underwent 32 nasal bone graft placements 

Fig 4a Pretreatment radiograph of maxillary edentulous
patient (group 1) in whom a 1-stage bilateral antral-inlay bone
graft was utilized. Note large pneumatized antrum.

Fig 4b Posttreatment radiograph. Note new antral floor. Three
endosseous implants were used for each side, and an
endosseous implant was placed into each piriform rim cortex.

Table 2 Implant Data

Group 1 Group 2 Group 3 Total

Implant type/ No. No. removed No. No. removed No. No. removed No. No.
length (mm) placed (mo. in function) placed (mo. in function) placed (mo. in function) placed removed (%)

Regular (3.75 mm)
7 0 0 0 0 3 2 (0) 3 2
10 0 0 7 0 5 1 (0) 12 1
13 0 0 1 0 7 3 (1-0, 2-5) 8 3
15 0 0 1 0 2 0 3 0
18 0 0 0 0 6 0 6 0
20 3 1 (0) 0 0 4 0 7 1
Subtotal 3 1 9 0 27 6 39 7 (18.0)

Routine self-tapping (3.75 mm)
10 2 0 1 0 1 0 4 0
13 6 2 (30) 2 0 3 1 (0) 11 3
15 51 3 (0) 18 0 5 1 (0) 74 4
18 60 9 (6-0, 1-10, 15 0 15 0 90 9

2-31)
Subtotal 119 14 36 0 24 2 179 16 (8.9)

Wide (4.00 mm)
10 0 0 1 0 1 1 (10) 2 1
13 0 0 1 0 0 0 1 0
15 1 0 3 1 (10) 0 0 4   1
18 8 3 (0) 0 0 1 0 9 3
Subtotal 9 3 5 1 2 1 16 5 (31.2)

Mark II self-tapping (3.75 mm)
13 0 0 2 2 (0) 0 0 2 2
15 8 2 (1-0, 1-8) 3 1 (0) 0 0 11 3
18 0 0 1 0 0 0 1 0
Subtotal 8 2 6 3 0 0 14 5 (35.7)

Total 139 20 56 4 53 9 248 33 (13.3)
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via an oral nasotomy exposure; 30 were accom-
plished in 1 stage, and 2 anatomic sites received 3
endosseous implants in the previously placed bone
graft (Table 1, Figs 1, 5, and 6).

Bone Graft Data. Twenty-six recipient sites in
15 patients received particulate bone and 6
received block bone; 24 received cancellous bone,
6 received corticocancellous bone, and 2 received
cortical grafts. Twenty-four of the 32 recipient
sites received bone from the anterior-medial ilium
(11 of 15 patients). The alternate donor site was
the maxillary tuberosity (particulate bone) in 6
sites (3 patients) and the maxillary alveolus (par-
ticulate bone) in 2 sites (1 patient). All bone grafts
in the 32 recipient sites healed uneventfully.

Endosseous Implant Data. Fifty-six implants
were placed in 32 recipient sites, 1 was nonfunc-
tional, and 4 implants (7%) were removed at
uncovering surgery in 1 patient (Tables 1 and 2).
Three implants were subsequently placed success-
fully as a secondary procedure (prosthesis delay).

Implant Type. Of the implants placed, 36 were
3.75-mm self-tapping, 9 were regular (required
pretapping), 5 were 4.00-mm-wide, and 6 were
3.75-mm Mark II self-tapping (Table 2). Implant
survival was 100% for the regular and routine
self-tapping implants (45 placed). The implant sur-
vival rate was lower (but not statistically signifi-
cant) for the 4.00-mm-wide implants (1 of 5
removed) and 3.75-mm Mark II self-tapping
implants (3 of 6 removed).

Implant Length. Of the implants placed, 41
were 15 or 18 mm long (2 implants or 5%
removed) and 14 implants were 10 or 13 mm long
(2 or 14.3% removed) (Table 2). Of the 4
implants removed at implant uncovering, 3 were
3.75-mm Mark II self-tapping and 1 was 4.00-
mm-wide.

Prosthetic Data. Fifteen patients received 15
prostheses (7 fixed, 4 fixed-removable, and 4 over-
dentures) (Table 3). Opposing occlusion was nat-
ural teeth in 7 patients, fixed implant prosthesis in
7 patients, and overdenture prosthesis in 1 patient,
respectively. The 1 patient who lost 4 implants
functioned against natural mandibular teeth, and
an 18-month prosthesis delay occurred (the interim
prosthesis was partially implant-supported).

Group 3 (Nasal-Antral via Le Fort Downfrac-
ture). General Data. Ten patients (6 females and 4
males) with a mean age of 28 years (range, 15 
to 65) underwent a nasal (12 sites) or antral (16
sites) bone graft reconstruction via a Le Fort I
osteotomy exposure (Table 1, Figs 7 to 10). In
contrast to patients in groups 1 and 2, all but 
1 patient (2 recipient sites) received a 2-stage pro-
cedure (implants were placed 6 months after
osteotomy). Eight patients had skeletal malocclu-
sion (vertical and horizontal maxillary deficiency)
that was secondary to trauma (4 patients) or

Fig 5 Surgical photo of nasal recipient site in totally edentu-
lous patient. Note that the iliac cortical block graft forms the
roof of the nasal floor reconstruction, and cancellous particu-
late iliac bone is packed around the endosseous implant, which
is stabilized by the residual alveolar ridge (nasal floor cortex).

Table 3 Prosthetic Data

Group 1 Group 2 Group 3 Total

Prosthesis type
Fixed 30 7 8 45
Fixed-removable 5 4 1 10
Overdenture 5 4 5 14

Complications
Delayed treatment 1 (fixed) 1 (fixed-removable) — 2
Modified treatment 2 (overdenture) — — 2
Remake 2 (both fixed) — 1 (overdenture) 3

Opposing occlusion
Natural teeth 26 7 9 42
Implant-fixed 14 7 5 26
Implant-overdenture — 1 — 1

Mean mo. in function (range) 41 (6 to 98) 54.4 (9 to 123) 76.0 (6 to 139) 57.1 (6 to 139)
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genetic (4 patients). One patient had advanced
bone loss secondary to long-term removable den-
ture use. All 10 patients had bone compromise in
edentulous sites that required endosseous implant
reconstruction.

Bone Graft Data. All 10 patients (28 recipient
sites) received corticocancellous block bone grafts
from the anterior-medial ilium (Table 1). All bone
grafts healed without complication; however, the
first 4 operated patients received osteotomy and
bone graft transosseous wire synthesis rather than
rigid internal miniplate osseosynthesis stabilization,
which resulted in a reduction in bone graft volume
during bone graft healing (ultimately, fewer and
shorter endosseous implants were placed in these
patients). Healing of bone graft and osteotomy sites
was significantly improved in the last 6 operated
patients, where osteotomy and bone graft internal
rigid miniplate osteosynthesis were utilized.

Endosseous Implant Data. Fifty-three implants
were placed in 28 recipient sites, and 9 were
removed (17% implant failure) from 6 patients
(Tables 1 and 2). In 6 patients with miniplate rigid
stabilization, implant removal was 3.6% (1 of 28
removed); in contrast, implant removal was 32%
(8 of 25 removed) in the remaining 4 patients with
wire osteosynthesis stabilization. Seven implants (5
patients) were removed at uncovering surgery and
2 implants were removed after 5 months of func-
tion. Implant removal was similar in the nasal (4
implants) and the antral (5 implants) recipient
sites. Two patients lost 6 of the 9 lost impants (3

each); both of these patients received transosseous
wire osteotomy and bone graft stabilization.
Opposing occlusion of removed implants was nat-
ural teeth for 8 patients and fixed implant prosthe-
sis for 1 patient. The 2 implants lost during pros-
thetic function opposed mandibular natural teeth.

Implant Type. Of the implants placed, 24 were
3.75-mm self-tapping, 27 were regular 3.75-mm
(required pretapping), and 2 were 4.00-mm-wide
(Table 2). Implant removal was 8.3% for routine
self-tapping implants and 22.0% for regular
implants. Twenty-seven implants (51%) required
pretapping, in contrast to groups 1 and 2, where
only 6% of implants required pretapping.

Implant Length. Of the implants placed, 20 were
10 or 13 mm long (40% were removed) and 33
were 15, 18, or 20 mm long (3% were removed)

Fig 6a Pretreatment panoramic radiograph of maxillary eden-
tulous patient (group 2) in whom a 2-stage bilateral nasal inlay
bone graft was utilized. This patient originally presented with
bilateral antral sepsis and oral-antral fistula secondary to a non-
integrated subperiosteal implant. Antral debridement, nasal
antrostomy, and closure of oral-antral fistula were performed 3
months prior to the bone graft procedure. Note total lack of
antral floor on the left.

Fig 6b Posttreatment panoramic radiograph. A left pterygoid
implant was placed and satisfied the prosthesis bone anchorage
required due to the lack of antral floor. The right posterior
implants were placed in an antral inlay bone graft, and the
anterior implants were placed in a nasal (bilateral) inlay bone
graft.

Fig 6c Clinical photo of implant-connecting milled bar.
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Fig 7 Drawing of 2-stage antral/nasal composite interpositional iliac bone graft procedure via a Le Fort
I osteotomy downfracture surgical exposure. Note internal rigid stabilization of corticocancellous block
graft and mobilized maxilla via titanium miniplates and secondary placement of endosseous dental
implants for dental prosthesis skeletal anchorage.

(Table 2). Only two 4.00-mm-wide implants were
placed in this group (1 was removed).

Prosthetic Data. Ten patients received 14 dental
prostheses (8 fixed, 1 fixed-removable, and 5 over-
dentures) (Table 3). Nine prostheses occluded with
natural mandibular teeth and 5 prostheses
occluded with a fixed mandibular implant prosthe-

sis. The 2 implants that were lost after prosthesis
function were free-standing implants under a mag-
net-retained overdenture prosthesis that opposed
natural teeth; this patient eventually received 4
additional implants and a fixed-removable dental
prosthesis (the third patient in this series required
a prosthesis remake related to implant removal).

Figs 8a and 8b Surgical photos of downfractured maxilla in a 1-stage procedure. Note the antral bone
graft with 2 penetrating endosseous implants (left) and the titanium miniplate stabilizing the downfrac-
tured maxilla (right). The 1-stage (versus 2-stage) Le Fort I osteotomy procedure is infrequently utilized.
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Fig 9b Posttreatment panoramic radiograph. The patient
received a 2-stage Le Fort I osteotomy for maxillary reposition-
ing and simultaneous placement of the left antral floor iliac
bone graft. Endosseous implants were placed 6 months later.

Fig 9a Pretreatment panoramic radiograph of maxillary par-
tially edentulous patient with asymmetric skeletal Class III mal-
occlusion secondary to genetic disorder (odonto-dysplasia).

Medical Risk Factors Data. Menopause Status.
Twenty-nine of 54 patients were postmenopausal,
and 13 of these patients were receiving estrogen
replacement at the time of implant surgery (Table
4). Implant removal was 11.1% for all 29 patients
(117 implants placed, 13 removed); 9.2% for the
16 patients (76 implants placed, 7 removed) who
did not receive estrogen replacement; and 14.6%
for the 13 patients (41 implants placed, 6
removed) who received estrogen replacement.

Nicotine Use. Twenty patients had previously
used nicotine (smoking) and 8 of these patients were
using nicotine (smoking) at the time of implant
surgery (Table 4). Implant removal was 10.5% (105
placed, 11 removed) for all 28 patients; 21.9% (32
placed, 7 removed) in the 8 currently smoking

patients; and 5.5% (73 placed, 4 removed) in the 20
patients who had smoked in the past.

Sinusitis. Eight patients had histories of sinusitis
that had required previous medical or surgical
treatment; implant removal was 24.3% (37 placed,
9 removed) (Table 4). In group 3 (4 patients)
implant loss was 32.0% (25 placed, 8 removed). In
group 1 (4 patients) implant loss was 8.3% (12
placed, 1 removed).

Fig 9c Posttreatment fixed continuous dental prosthesis. Fig 10 Posttreatment lateral cephalometric radiograph of
patient who received a 1-stage Le Fort I osteotomy downfrac-
ture exposure for placement of antral-inlay block bone grafts
and simultaneous placement of endosseous dental implants.
This patient also required a vertical (10 mm) and horizontal (5
mm) maxillary advancement for correction of maxillary defi-
ciency and Class III skeletal malocclusion. Note titanium mini-
plates for osteotomy stabilization and endosseous implants for
bone graft stabilization and eventual skeletal anchorage for a
bilateral fixed dental prosthesis.
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Following are details of the 8 patients with his-
tories of sinusitis. In group 1, 2 patients had
received treatment for antral disease and were free
of infection at the time of antral grafting and
implant placement, and 2 patients required antral
surgery (removal of subperiosteal implant, infected
tooth, and oral-antral fistula closure) 3 months
before bone grafting and implant placement. In
these 4 patients, only 1 implant was removed. In
group 3, 4 patients had a history of chronic sinusi-
tis; 3 patients had chronic sinusitis secondary to
previous midface trauma and the fourth patient
received wire osteosynthesis/bone graft stabiliza-
tion. Thus, these group 3 patients had additional
significant risk factors that increased their chances
for implant failure (32.0%).

Irradiation. Two patients received external beam
irradiation to the head and neck for malignant dis-
ease (1 patient received 55 cGy, the other received
61 cGy). The 11 implants placed in maxillary irradi-
ated bone remained functional throughout the study.

Diabetes Mellitus. Two patients had long-stand-
ing, diet-controlled diabetes mellitus. The 11
implants in these 2 patients remained functional
throughout the study.

Other Medical Risk Factors. None of the
patients had significant peripheral cardiovascular
disease, excessive exposure to exogenous steroids,
or insulin-dependent diabetes mellitus.

Mechanical Risk Factors. Months of Implant
Function. Twenty-five of 33 removed implants
were removed at implant uncovering surgery; 4
additional implants were removed less than 12
months after prosthesis loading, and 4 implants
were removed after 30 months (2 patients) and 31
months (2 patients) of prosthesis loading (Table 5).

Failed Implant Location. Eighty-five implants
were in molar locations, and 13 (15.3%) were
removed. A majority of the molar implants placed
(76) and 12 of the 13 removed molar implants
were in group 1. Ten of the 13 removed implants
were removed at uncovering surgery, and the 3
remaining implants functioned for 8, 30, and 31
months, respectively.

Eighty-eight implants were in premolar loca-
tions, with 12 (13.5%) removed. A majority of the
premolar implants placed (61) were in group 1 and
the remaining 27 were in group 2; implant
removal percentage was equal in each group
(group 1, 13.1%, and group 2, 14.8%). Seven of
the 12 removed implants were removed at implant
uncovering, and the remaining 5 functioned for 5,
5, 10, 30, and 31 months, respectively.

Seventy-five implants were placed in anterior
locations and 8 (10.6%) were removed. A majority
of the 56 anterior implants placed were in group 2
(8 were lost for a 7.1% loss rate). In contrast,
anterior implant loss was 23.5% in group 3 (4 of
17 removed at uncovering surgery).

Opposing Occlusion. One hundred fifty-seven
implants were opposed by mandibular natural
teeth (29, or 18.5%, were lost) and 91 implants
opposed a mandibular implant-supported prosthe-
sis (4, or 4.4%, were lost).

Discussion

All 74 antral recipient sites received block bone
grafts regardless of the surgical exposure approach
(oral antrostomy or Le Fort I osteotomy). Of the
32 nasal bone grafts that were performed via the
oral nasotomy exposure, 26 received particulate

Table 4 Medical Risk Factors and Implant Data

Group 1 Group 2 Group 3 Total

No. No. No. No. No. No. No. No.
Medical risk factors placed removed (%) placed removed (%) placed removed (%) placed removed (%)

Postmenopause
Estrogen replacement 23 5 (21.7) 12 0 6 1 (16.6) 41 6 (14.6)
No estrogen replacement 43 4 (9.3) 19 0 14 3 (21.4) 76 7 (9.2)

Nicotine used
Past 45 3 (6.6) 17 0 11 1 (9.1) 73 4 (5.5)
Current 17 4 (23.5) 6 0 9 3 (33.3) 32 7 (21.9)

Sinusitis* 12 1 (8.3) 0 0 25 8 (32.0) 37 9 (24.3)
Irradiated† 7 0 4 0 0 0 11 0 (0)
Diabetes mellitus 6 0 0 0 5 0 11 0 (0)
Total 139 20 (14.4) 56 4 (7.0) 53 9 (17.0) 248 33 (13.3)

*Patients with past histories of antral disease requiring medical or surgical treatment.
†Patients with past histories of preimplant tumoricidal irradiation therapy for head and neck malignancy (patients with 55 cGy and 61 cGy,
respectively).
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bone and 6 block grafts. Three clinical/surgical
factors were involved in the selection of block ver-
sus particulate bone grafts for the floor of the
antral or nasal cavities.

The first is that the antral mucosa can be easily
torn and almost impossible to repair, whereas the
nasal mucosa is less easily torn and relatively easy
to repair. When particulate bone grafts are placed,
they need to be anatomically confined by either the
nasal or the antral mucosa. Therefore, the surgeon
can choose to use block or particulate bone in the
nasal sites (where the membrane is consistently
intact) rather than in the antral sites (where the
membrane is frequently not intact). When the mem-
brane is not intact, the surgeon must use the block
bone grafts, which can be stabilized in the floor
with endosseous implants, wires, or miniplates,
unless an allogeneic or homologous membrane is
used to confine or stabilize the particulate bone
graft. The corticocancellous blocks utilized in this
series had the dense cortex facing the open antrum
and the porous cancellous portion facing the antral
floor and lateral nasal wall, where the bone graft
ultimately receives its blood supply (Fig 1). It is
hypothesized that limiting (or eliminating) allo-
geneic or homogenous materials in the frequently
exposed antral cavity has merit, and the use of such
materials was not part of the initial (and current)
surgical protocol in this patient population.

The second factor is that all of the patients in
this study had major bone deficits resulting in a
very thin, low-density antral floor (residual alveo-
lus) of 1 to 3 mm in height. However, the nasal
floor is frequently thicker (3 to 5 mm) and has
higher-density bone than does the antral floor. In
the thinner and less dense antral floor bone, very

little endosseous implant stabilization can be
expected, whereas in the nasal floor, the residual
bone consistently provides adequate initial implant
stabilization. Accordingly, the surgeon who wishes
to provide a 1-stage reconstruction (which is
highly desirable for practical and biologic reasons)
can select a cortical or cancellous particulate graft
in the nasal sites, but must use a cortical or corti-
cocancellous block bone graft in the antral sites 
to achieve rigid bicortical stabilization of the
endosseous implant. If the surgeon places very
small antral grafts in 1- or 2-tooth size recipient
sites, a 2-stage particulate bone graft technique
may be used because the residual bone is usually of
better quality and larger quantity in the partially
edentulous patient and antral membrane elevation
is usually limited. A longer treatment time (12
rather than 6 months) is also more acceptable in
the partially edentulous patient than in the totally
edentulous patient. The only 2-stage antral recon-
structions in the present study involved 2 patients
in whom secondary implants replaced previously
removed implants and another patient in whom
the anterior extension of the antrum was too nar-
row for simultaneous implant placement.

The third factor is desirability of providing 1-
stage rather than 2-stage endosseous implant
reconstruction in the totally edentulous patient.
The cortical or corticocancellous block allows the
possibility of a 1-stage procedure by providing
bicortical implant stabilization, especially in the
antral recipient sites, as noted previously. A 1-
stage procedure is desirous, as a short healing
period of 4 to 6 months (rather than 10 to 12
months) is required prior to bone graft loading via
a prosthesis. The longer healing period (10 to 12

Table 5 Mechanical Risk Factors and Implant Data

Group 1 Group 2 Group 3 Total

No. No. No. No. No. No. No. No.
Mechanical risk factors placed removed (%) placed removed (%) placed removed (%) placed removed (%)

Location*
Molar 76 12 (15.8) 0 0 9 1 (11.0) 85 13 (15.3)
Premolar 61 8 (13.1) 0 0 27 4 (14.8) 88 12 (13.5)
Anterior 2 0 56 4 (7.0) 17 4 (23.5) 75 8 (10.6)

Opposing occlusion
Natural teeth† 93 17 (18.3) 25 4 (16.0) 39 8 (20.5) 157 29 (18.5)
Current implant prosthesis‡ 46 3 (6.5) 31 0 (0) 14 1 (7.1) 91 4 (4.4)

Total 139 20 (14.4) 56 4 (7.0) 53 9 (17.0) 248 33 (13.3)

*Molar = teeth 1 to 3 and 14 to 16; premolar = teeth 4, 5, 12, and 13; anterior = teeth 6 to 11.
†Natural teeth includes patients with fixed or removable partial denture.
‡Current implant prosthesis includes both mandibular fixed and overdenture implant prosthesis. There were no complete removable dentures
opposing the maxillary implant reconstruction.
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months) allows bone graft resorption to occur in
an anatomic site (antral floor) where there is very
little if any functional loading. Loading the bone
graft/endosseous implant (composite bone graft)
reconstruction at 6 months after placement will
provide early functional stimulation to the remod-
eling bone graft (provided uncomplicated healing
has occurred before this time). The totally edentu-
lous patient may use an interim complete denture,
which risks early loading of the implants (as in any
maxillary reconstruction in which the head of the
implant exits the residual ridge bone). A 12-month
interim prosthesis loading period is less desirable
than a 6-month period, not only from a biologic
standpoint (as noted previously) but also from
functional and esthetic standpoints. In 2 patients,
prosthesis placement was delayed because of
implant loss at stage 2 surgery, requiring place-
ment of additional implants. In both patients, the
remaining osseointegrated implants were utilized
to stabilize the interim prosthesis during the addi-
tional healing time, as well as to provide func-
tional load to the previously placed remodeling
autogenous bone grafts.

Bone grafting of the nasal and antral floors via
the Le Fort I downfracture exposure for eventual
endosseous implant placement was first described
by Keller et al3 in 1987. Endosseous implants were
placed as a secondary procedure (2-stage proce-
dure) after osteotomy and bone graft healing.
Three of the 4 patients presented with posttrau-
matic maxillary retrognathia, and the fourth
patient exhibited vertical maxillary deficiency sec-
ondary to long-term bone loss secondary to non-
physiologic mucoperiosteal loading of a removable
denture. The Le Fort I downfracture exposure
technique was used to graft deficient bone in
endosseous implant sites and to correct simultane-
ously the coexisting maxillary skeletal malocclu-
sion. Two of the 4 patients described in the 1987
report and the 6 additional patients included in
this report were partially edentulous, which docu-
ments the indication for this procedure; that is,
partially edentulous patients with skeletal maloc-
clusion and compromised bone in the alveolar
bone sites require endosseous implants for skeletal
support of a dental prosthesis. Totally edentulous
patients are better treated with the complete-arch,
1-stage onlay block bone graft9 or the nasal/antral
1-stage inlay block bone graft1 procedure. In 1989
Sailer4 reported bone grafting of the nasal and
antral floor via the Le Fort I downfracture expo-
sure with simultaneous endosseous implant place-
ment (1-stage procedure) in 5 totally edentulous
patients. In 3 of the 5 patients, all 21 implants

were described as “perfectly healed” when the
implants were uncovered. The 1-stage procedure
described by Sailer4 is an improvement for the
totally edentulous patient. However, as noted pre-
viously, this procedure is rarely used by the
authors for the totally edentulous patient.

Implant loss in this current study was greatest in
the Le Fort I osteotomy downfracture exposure
group; however, in the last 6 treated patients, when
rigid internal fixation was utilized for osteotomy
and bone graft stabilization, only 1 implant was
removed. The endosseous implants in group 3 
were placed 6 months after bone graft placement
in 9 of 10 patients; implant placement in the
downfractured maxilla is technically difficult, and
additional incisions may be needed for the Le Fort
I osteotomy (sulcus) and endosseous implant place-
ment (ridge crest). In this series, group 3 patients
were often partially rather than totally edentulous.
Utilizing this surgical approach for posttraumatic
or congenitally retrognathic patients with partial
edentulism requires precise implant placement for
prosthodontic reconstruction. Also, the downfrac-
tured maxilla is associated with a period of signifi-
cant ischemia, which may compromise the biologic
process of osseointegration of implants. In addi-
tion, the interpositional bone graft in these patients
is used for stabilization of the horizontally and ver-
tically advanced maxilla, and as such, is under def-
inite but minimal functional load during the heal-
ing period. The graft should theoretically retain its
position and bulk (in contrast to the nonstimulated
inlay nasal or antral bone graft) for later secondary
implant placement. Bone graft healing in the first 4
patients of group 3 was compromised because sta-
bilization was accomplished with nonrigid wire
osteosynthesis, and this compromise was reflected
in the generally shorter implant length, with a
higher failure rate in these 4 patients. This group
also included 3 patients with posttraumatic retrog-
nathia in whom chronic antral sepsis existed before
treatment, and sepsis was encountered during the
Le Fort I osteotomy in all 3 patients. Antral
debridement along with establishment of depen-
dent antral drainage is provided during the
osteotomy procedure when an infected or poorly
ventilated (or both) antrum is encountered. These
adjunctive antral procedures should allow for
uncomplicated osteotomy and interpositional bone
graft healing.10

Implant loss was greater in the antrum than in
the nasal recipient sites, because the endosseous
implants in the nasal region received a significant
percentage of their stabilization (100% when par-
ticulate bone grafts are used) from the residual
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bone, in contrast to the endosseous implants 
in the antral recipient sites, in which the implants
received most of their support from the block bone
graft. Implant loss in this compromised group  of
patients would be expected to be much higher if
implant reconstruction was attempted without
simultaneous bone grafts. An initial attempt to
avoid bone grafting in 8 significantly compromised
patients resulted in a high rate of implant failure
(35 of 42 implants removed11). When it occurs in
the compromised maxilla, implant loss tends to
involve multiple implants in the same patient, as in
this series; 25 of the 33 removed implants were in
8 patients. Additional implants are generally
placed in compromised maxillary patients in antic-
ipation of increased implant loss. This practice
accounted for the low incidence of prosthetic con-
struction delay (3.4%) or need to remake prosthe-
ses (4.9%) in spite of a 13.3% implant removal
during the 12-year study.

Because particular patients tend to lose multiple
implants, implant loss should be evaluated relative
to potential medical and biomechanical risk fac-
tors. Twenty-nine patients were postmenopausal,
and the implant removal rate in this group was
lower than for all patients. However, the 13 post-
menopausal patients who received estrogen
replacement had a higher implant removal percent-
age than did the 16 postmenopausal patients who
did not receive replacement therapy. Two publica-
tions12,13 reviewed the literature relative to the
advisability of placing endosseous implants into
bone of reduced density (reduced mineralization or
osteoporotic), which is present in a significant per-
centage of postmenopausal women. Neither review
found scientific evidence that would contraindicate
endosseous implants for osteoporotic women12 or
for women of postmenopausal age.13 However, a
recent study14 documented a reduced relative bone
mass density (89.2%) in a group of 11 patients
who had advanced maxillary bone compromise
reconstructed with a 1-stage bone graft and who
experienced implant loss of 43% as compared to a
matched group, who experienced implant loss of
only 6% where bone mass density was signifi-
cantly higher (98.6%). Another recent study15 doc-
umented increased implant loss in female patients
who received bone grafts than in male patients
who received bone grafts, which was considered to
be related to the difference in the quality of bone
grafts (reduced bone density in female patients).
Martin et al16 studied estrogen-deficient, ovariec-
tomized beagle dogs, and Mori et al17 studied
ovariectomized, low-calcium-diet beagle dogs, and
both groups demonstrated delayed bone

formation17 and reduced push-out strength16 of
endosseous implants. However, osseointegration of
the implants occurred consistently.

Most clinicians who place endosseous implants
concur that patients with advanced maxillary bone
loss will (regardless of age) typically demonstrate
residual bone of reduced mineralization, particu-
larly in the posterior regions. In contrast, the same
group of patients who have advanced bone loss of
the mandible will characteristically demonstrate
residual bone of increased mineralization. Gener-
ally, endosseous implant loss will be much higher
in the compromised non–bone-grafted maxilla18

than in the compromised non–bone-grafted
mandible.19 This difference in bone mass mainte-
nance or implant survival in the same patients with
advanced maxillary or mandibular bone loss sug-
gests a functional cause rather than an age, gender,
or metabolic status etiology. This functional status
factor was dramatically demonstrated in a recent
series19 of 52 non–bone-grafted patients, in whom
an implant survival rate of 93% and an increase in
mandibular body bone height of 31% (average
height went from 6.5 mm to 8.5 mm) was found;
the patients had advanced mandibular bone loss
that was reconstructed solely with endosseous
implants. This increased bone formation after
increased functional loading (patients went from
complete dentures to complete-arch fixed implant
prostheses) has not been observed in the maxilla,
possibly because of its fixed anatomic position in
the midface and its functional status relative to
muscle attachments. Advanced alveolar and basal
bone loss in edentulous maxillae and mandibles is
frequently related to nonphysiologic mucope-
riosteal loading from a removable denture.

Age, gender, nicotine exposure, and hormonal
status are theoretical factors that likely have a
modulating role.13,14,20,21 In a recent study19 of
advanced mandibular bone loss (52 non–bone
graft and 9 bone graft), 60 of the 61 patients were
female, and 48 of the 61 were over age 50 (mean
age of 57) when they presented for implant recon-
struction. Because bone mass increased in the 52
female non–bone graft patients after increased
endosseous prosthesis functional loading (implant-
supported vs mucoperiosteal-supported prosthe-
sis), the positive functional aspects of this model
apparently have a greater role than do age, gender,
or hormone-related aspects in maintenance of
mandibular bone mass.

The use of nicotine in the implant population is
common and is associated with reduced bone mass
density and increased implant loss.14,20,21 Many clin-
icians refuse to place implants unless nicotine use is
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discontinued. Results from this patient series seem
to corroborate this assessment, inasmuch as the 8
patients who were current smokers had an implant
removal rate of 21.9%. The 20 patients who had
histories of nicotine exposure and had ceased smok-
ing had a low implant removal rate (5.5%).

A history of chronic sinusitis was noted in 8
antral bone graft patients (17.0%). In four group 1
patients, antral sepsis was treated successfully
before bone grafting, and implant placement and
implant percentage removal was less than that of
the overall series. However, four group 3 patients
had untreated sinusitis from previous midface
trauma (3 of 4 patients) and other risk factors
(wire osteosynthesis), which resulted in a much
higher rate of implant loss. Improved presurgical
diagnosis in this group would have been beneficial.

Two patients who had received external beam
irradiation to the head and neck for malignant dis-
ease experienced uncomplicated bone graft and
implant healing, which corresponds with previous
experience in the irradiated mandible.22,23 Implant
and bone graft healing was also uncomplicated in
2 adult-onset diabetic patients.

Biomechanical risk factors included the time of
prosthesis function, location of the implants, and
presence of opposing occlusion. Because 25 of 33
lost implants were removed at stage 2 surgery,
achieving osseointegration seems to be more signif-
icant than does maintaining osseointegration dur-
ing function. This finding is further substantiated
because only 3 of 54 patients required prosthesis
remake subsequent to implant removal, and only 2
patients required significant prosthesis modifica-
tion associated with implant removal. In addition,
only 2 of 54 patients lost enough implants to
require placement of additional implants to satisfy
prosthetic loading requirements.

The location of endosseous implants relative to
implant loss indicated that the percentage of lost
implants was highest in the molar region and low-
est in the anterior region. One noticeable excep-
tion to this trend existed in the group 3 patients, in
whom there was a 23.5% rate of implant removal
in the anterior region; however, this difference was
related to other risk factors (nonrigid osteotomy
and bone graft stabilization) in this group.

Implant removal related to the opposing occlu-
sion revealed a much higher failure rate when
implants opposed natural teeth rather than oppos-
ing implant-supported prostheses. Four of 5
patients who lost implants after functional loading
had implant prostheses functioning against natural
teeth. Because loss of implants in this patient
material occurred primarily before prosthesis

loading at stage 2 surgery, the occlusion or interim
prosthesis type becomes an important considera-
tion. Fortunately, an interim functioning prosthe-
sis was frequently not present in those patients
who had simultaneous complete-arch mandibular
implant reconstruction.

Most of the implants placed were self-tapping
(179 of 248 placed), and the rate of loss was the
lowest (8.9%) with this implant type. The high
rate of implant loss found for the 4.00-mm-wide
and 3.75-mm Mark II self-tapping implants was
not statistically significant because of the low
numbers of implants placed; however, the large
difference from the routine 3.75-mm self-tapping
implants is of concern. Because of early unfavor-
able experience with the Mark II 3.75-mm self-
tapping implant in a 1-stage antral/nasal bone
grafting procedure, its use is not recommended for
this clinical situation. Since bicortical implant sta-
bilization is critical in the sinus inlay graft, the
modified tip of this implant may not provide the
needed cortical thread engagement of the cortex
portion of the corticocancellous block graft that
the routine self-tapping implant provides.

Implant length was investigated as a risk factor.
Comparison of implant percentage loss in the
shorter implant (26%) versus the longer implants
(8% loss) revealed a striking difference. This
increased loss of shorter implants has been previ-
ously described in compromised maxillary bone
treated without adjunctive bone grafting.11,18 The
Type IV bone typically found in these patients is
described as a “thin layer of cortical bone sur-
rounding a core of low-density trabecular
bone.”24p202 This Type IV bone was typically
encountered in the posterior maxillae of patients in
groups 1 and 3. Analysis of data regarding loss of
implants after prosthetic loading in relation to
implant length or type did not provide meaningful
data because of the few implants lost after prosthe-
sis loading.

Conclusions

Patients in this population who had compromised
maxillary bone reconstructed with autogenous
bone grafts, endosseous implants, and dental pros-
theses demonstrated:

1. Bone graft healing was highly successful
(100%) and endosseous implant survival was
acceptable (86.7%). Dental implant prosthetic
rehabilitation was also highly predictable, as
only 3 of 69 prostheses required retreatment
secondary to implant loss.
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2. A higher rate of implant loss was seen in the Le
Fort I downfracture group, particularly in
patients treated with wire versus miniplate
osteosynthesis.

3. Medical risk factors seem to contribute to
implant loss in patients who smoke, in post-
menopausal patients receiving estrogen replace-
ment, and in patients with a history of antral
sepsis.

4. The effect of mechanical risk factors was incon-
clusive, as a majority of the lost implants were
not functionally loaded; however, implant loss
was much higher when the patient had oppos-
ing natural teeth rather than an opposing
implant-supported prosthesis.

5. Implant loss was related more frequently to fail-
ure to achieve initial osseointegration than to
failure to maintain osseointegration during
function.

6. Endosseous implant type and length affected
implant survival.
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