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Surgical-prosthodontic rehabilitation of the eden-
tulous patient with advanced maxillary alveolar

and basal bone resorption poses numerous biome-
chanical problems and obstacles. Historically, sur-
gical efforts were directed toward improving the
size and position of the edentulous ridge to permit

successful fabrication of a removable soft
tissue–supported conventional denture. Since 1981,
through the development of predictable osseoin-
tegrated implant technology,1 clinicians have
improved severely compromised anatomic struc-
ture and have provided skeletal anchorage for a
dental prosthesis using osseointegrated endosseous
implants. This technology allows dental rehabilita-
tion with a bone-anchored fixed prosthesis, rather
than a soft tissue mucoperiosteal–supported re-
movable prosthesis. Endosseous implants can also
initially provide rigid stability to onlay block bone
grafts, which theoretically increases revasculariza-
tion and remineralization potential.2–4 Skeletal
anchorage rather than soft tissue mucoperiosteal
support of a dental prosthesis is far superior in
terms of function, longevity, esthetics, and patient
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During a 12-year period (1984 to 1997), 32 consecutive patients with advanced maxillary bone
compromise received surgical-prosthodontic rehabilitation. The most frequent procedure used was
maxillary augmentation with a free nonvascularized autogenous onlay block bone graft, and the
average time of prosthesis function was 67 months. Twenty-eight patients underwent a 1-stage
procedure, in which endosseous implants were placed simultaneously for internal rigid skeletal fixation
of the onlay bone graft, and 4 patients underwent a 2-stage procedure, in which endosseous implants
were placed secondarily 6 months after complete healing of the previously placed onlay bone graft,
which initially was stabilized by titanium miniplates and lag screws. Treatment success was evaluated
separately for the first 7 consecutively treated patients (developmental group) and for the next 25 con-
secutive patients (routine group). Assessment was made of implant survival relative to etiology of bone
loss, implant type and length, type of prosthesis, type of opposing occlusion, type of surgical proce-
dure, and presence of discontinuity. The implant survival rate was 91% in the 25 routine patients and
65% in the 7 developmental patients. Implant type and length, prosthesis type, opposing occlusion,
and the presence or absence of discontinuity significantly impacted treatment outcome. Onlay block
bone graft success (96%) in all 32 treated patients and prosthetic success (96%) in the last 25 patients
was recorded.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:197–209)
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Fig 1a Surgical technique. (Left) Anterior-medial iliac crest donor site with mobilized corticocancel-
lous block bone graft. (Center) A template assists the surgeon in obtaining adequate width and depth for
full-arch reconstruction. Note cortical side (center) and cancellous side (right) of corticocancellous iliac
block bone graft.

Fig 1b Corticocancellous block bone graft is secured to the residual edentulous maxilla with 8 tita-
nium endosseous implants. (Left) Significant cortical bone graft lateral, anterior, and posterior to
implants ensures bone grafting reconstruction of compromised nasal floor, piriform aperture, and palatal
anatomy. (Right) Block bone grafts were placed in the nasal floor for reconstruction of bone discontinu-
ity in this area.

Fig 1c (Left) Incision line in alveolar mucosa just above mucogingival line and (right) typical everted,
watertight, nontension wound closure after advancement of lip mucosa by a superior periosteal releas-
ing incision.



satisfaction. This superiority is particularly true for
patients with severely resorbed maxillae. However,
major obstacles are encountered with these
patients, as documented by the learning curve
revealed in this retrospective study.

In 1980, Breine and Brånemark5 were the first
to describe onlay composite bone grafts for recon-
struction of the compromised edentulous maxilla.
They used autogenous, corticocancellous block tib-
ial bone grafts that were secured to the residual
jawbone with commercially pure titanium, non-
coated, threaded, cylindric endosseous implants.
The original technique involved a 2-stage prefor-
mation tibial corticocancellous block bone graft
reconstruction, which in 1985 was replaced by a
1-stage reconstruction using anterior-lateral iliac
crest bone graft.6 For the initial 9 patients, who
were treated with the preformation 2-stage proce-
dure5 (8 in the maxilla and 1 in the mandible), the
rate of implant survival was higher for implants
placed at the tibial bone graft transfer procedure
(second stage) than for those placed at the initial
tibial implant placement procedure (first stage).
Brånemark6 subsequently advocated a 1-stage pro-
cedure rather than a 2-stage preformation proce-
dure and changed the donor site from the tibia to
the lateral iliac crest, since the implant survival
rate of 50% for 1-stage implants was better than
the rate of 42% for 2-stage implants.5 These
results indicated that the 2-stage preformation pro-
cedure involved an unnecessary surgical step.
Brånemark6 utilized a high lip mucosal incision,
rather than an alveolar or sulcus mucosal incision,
to ensure that the incision line was anatomically
removed from the underlying onlay bone graft.

In 1987, Keller et al7 modified the Brånemark
1-stage onlay bone graft technique by utilizing the
anterior medial rather than the anterior lateral
iliac crest (Fig 1a). This modification was an

important change because the corticocancellous
block bone graft provided a more anatomically
concave contour on the cortical side that faced the
oral cavity; the cancellous portion was convex and
interfaced with the concave resorbed residual alve-
olar and palatal bone (Fig 1b). This modified
donor site technique also reduced the potential
surgical morbidity.8,9

A number of authors have since reported clini-
cal experience with the initially described 1-stage
maxillary onlay bone graft procedure: Kahnberg et
al10 reported in 1989 on 10 consecutive patients;
in 1990 Adell et al11 described 23 consecutively
treated patients during a mean observation period
of 4.3 years; Isaksson and Alberius12 in 1992 and
Isaksson13 in 1994, respectively, reported on 8 and
10 consecutively treated patients; in 1993 Nystrom
et al14 reported on 30 consecutively treated
patients; in 1997 van Steenberghe et al15 reported
on 20 patients; and in 1997 Schliephake et al16

reported on 66 patients. Jensen and Sindet-
Pederson17 in 1991 and Donovan et al18 in 1994
described 13 and 15 patients, respectively, treated
with the 1-stage block bone graft technique; how-
ever, calvarial (membranous) rather than iliac
(endochondral) block bone grafts were utilized,
which theoretically increased the onlay block bone
graft healing potential.4,19–21

The current surgical technique (Figs 1 and 2)
used in treating the patients in this retrospective
study is detailed elsewhere.22 The 1-stage procedure
(in 28 of the current 32 patients) was utilized when
residual bone volume and quality were adequate to
support the onlay graft and allow simultaneous
placement of a sufficient number of bone graft–
stabilizing endosseous implants through the bone
graft into residual bone. The 2-stage procedure (in
4 of the current 32 patients) was utilized when the
residual bone was partially or totally absent, or
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Fig 1d (Left) After stage 2 abutment surgery, implants are placed anterior to previous edentulous
ridge. (Right) A typical continuous fixed bar connecting endosseous implants is anterior to the pre-
vious edentulous ridge in correct relation to upper lip and nasal anatomy.



when poor quality residual bone would not provide
rigid stability to the onlay block bone graft. In
these patients, titanium miniplates or lag screws
attached the graft to adjacent regional (zygoma,
palatal, pterygoid, piriform aperture) dense bone
during the bone graft healing, and endosseous
implants were placed secondarily into the healed
graft 4 to 6 months later.

Materials and Methods

This retrospective clinical study involves 32 con-
secutively treated patients who presented with
advanced horizontal and vertical bone loss and
complete (28 patients) or partial (4 patients) maxil-
lary edentulism. An autogenous, rigidly fixed block
onlay bone graft was placed in all 32 patients.
Endosseous titanium implants (Nobel Biocare
USA, Westmont, IL) were used in all patients and
supported a tissue-integrated prosthesis in all suc-
cessfully rehabilitated patients. The initial patient

received surgical treatment in October 1984, and
the most recent patient was operated on in January
1996. Prosthesis and implant survival data collec-
tion continued through January 1997.

Data obtained from the patient’s general med-
ical records included age, gender, cause of maxil-
lary defect, type of reconstruction (1- versus 2-
stage), surgical dictation record, and prosthetic
treatment record. All patients were treated surgi-
cally by two of the authors, oral and maxillofacial
surgeons, who worked with several different expe-
rienced prosthodontists. A current clinical evalua-
tion by the treating prosthodontist and current
appropriate radiographs (laminogram, periapical,
or both) were available on all patients.

The surgical dictation record provided the fol-
lowing data: type of donor bone (cortical or cor-
ticocancellous block), bone graft donor site (ilium
or cranium), bone graft fixation type (endosseous
implant, lag screw, miniplate, or transosseous
wire), and implant data (type, length, number
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Fig 2 Drawing of 1-stage, full-arch onlay composite bone graft reconstruction of advanced bone com-
promise in the edentulous maxilla. Corticocancellous block onlay autogenous bone graft is harvested
from the anterior-medial ilium. Cylindric, threaded, noncoated endosseous implants rigidly stabilize the
onlay block bone graft at stage 1 surgery and 6 months later, after stage 2 abutment surgery, act as skele-
tal fixation for a tissue-integrated dental prosthesis.
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placed or removed, number nonfunctional). Pros-
thetic records provided the following data: type of
dental prosthesis (fixed, fixed removable, or over-
denture); months of prosthesis function; opposing
mandibular arch occlusion (natural teeth, remov-
able partial or complete denture, fixed implant-
supported prosthesis, or various combinations);
and need to remake, modify, or return to soft
tissue–supported maxillary prosthesis.

The criteria for determining the success of indi-
vidual endosseous implants, as proposed by Smith
and Zarb,23 were utilized as completely as records
would allow. Because implants were frequently
rigidly attached by a substructure bar and this bar
was not routinely removed at each patient exami-
nation, it was not possible to verify immobility of
all implants in every patient at every visit unless a
clinical or radiographic finding dictated removal.
However, nonintegrated implants were easily
detected when clinical, historic, and radiographic
findings were evaluated at each patient visit. Mar-
ginal or peri-implant bone loss was assessed by
radiographs on a yearly basis, but such radi-
ographs were not routinely obtained after the sec-
ond postsurgical year unless clinical conditions
warranted. Comfort, esthetics, and peri-implant
soft tissue health were evaluated on all patients
and recorded by the examining surgeon or restora-
tive dentist at annual intervals.

Implant survival data included nonfunctional
(sleeping) implants as being successful, as they
were all osseointegrated and their prosthetic uti-
lization was controlled by numerous factors that
may change during the lifetime of a given patient.
Implant survival percentage was calculated by
dividing the number removed by the number
placed, subtracting from 1.00, and multiplying by
100. Bone graft and prosthesis survival percentage
was calculated individually by dividing the number
failed by the number placed, subtracting from
1.00, and multiplying by 100.

The success of surgical and prosthodontic treat-
ment was determined for all 32 patients during the
12-year study period. In addition, data on the first
7 treated patients (developmental group) were
compared with data on the 25 subsequent patients
(routine group) to assess the effect of experience in
treating this group of patients. Treatment results
(implant, bone graft, and prosthesis) in 11 patients
who had discontinuity secondary to oronasal or
oral-antral osseous defects (with or without fis-
tula) were compared with 21 patients who had
osseous continuity.

Findings and Results

General. The mean age of the patients (20 females,
12 males) was 52 years (range, 18 to 76) (Table 1).
Two patients were lost to follow-up; one (#7) was
lost after 48 months of prosthesis function, and
one (#29) died of natural causes during the study
after 84 months of prosthesis function (data statis-
tics ended for both patients at those times). The 32
patients had a mean time of prosthesis function of
67 months (range, 7 to 122). Of the 32 patients,
28 underwent a 1-stage surgical reconstruction (27
complete arches and 1 segmental), and 4 patients
underwent a 2-stage surgical reconstruction proce-
dure (1 complete arch and 3 segmental).

Etiology of Compromised Maxilla. Twenty-three
patients (72%) had worn removable dentures
long-term, which was most likely a major con-
tributing factor to advanced maxillary bone
resorption (Tables 1 and 2). Included in this group
were 1 patient with cleft lip and palate and 1 with
bilateral cleft lip and palate; neither patient had
undergone previous alveolar-palatal bone grafting,
and both patients had worn a complete denture
long-term. Nine patients (28%) had posttraumatic
bone loss; 4 from gunshot wounds, 3 from motor
vehicle accidents, and 2 from postsurgical defects.
Maxillary discontinuity was secondary to various
causes in 11 of the 32 patients (34%). The causes
were cleft lip and palate in 2 patients, motor vehi-
cle accident in 2 patients, gunshot wound in 4
patients, postsurgical defect in 1 patient, and com-
plete denture cause in 2 patients.

Bone Graft Data. Of the 32 patients treated, 30
(94%) received corticocancellous block bone grafts
from the anterior ilium (endochondral bone), 29
from the medial ilium, and 1 from the lateral ilium
(Tables 1 and 3). The remaining 2 patients
received cortical block bone grafts from the cra-
nium (membranous bone). Rigid internal skeletal
fixation of the bone graft to the residual maxilla
was accomplished with endosseous implants in all
28 patients who underwent 1-stage reconstruction.
However, in 1 patient (#3), only 2 of the 6 endos-
seous implants engaged both residual and grafted
bone. In this patient, who was treated in 1985,
additional fixation of the bone graft was needed,
and transosseous wires to the infraorbital rim were
utilized. The 4 patients who underwent 2-stage
reconstruction received a bone graft with internal
rigid skeletal fixation using either titanium lag
screws (patients 29 and 32) or a titanium mini-
plate (patients 30 and 31).

Of the 32 patients, 2 experienced partial bone
graft failure. In both patients (#3 and 7), a 1-stage
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Table 1 General, Bone Graft, Implant, and Prosthetic Data

Bone graft Implants Prosthesis

Patient Age/ 1- or 2- Donor No. No. removed Mo. in Opposing
no. sex Etiology stage Type site Fixation placed (sleeping) Type function occlusion Comments/complications

1 50/F CLP, RFD 1 CC I EI 6 2 FR 144 NT ,RPD Oronasal fistula, anterior wound 
dehiscence

2 48/M RFD 1 CC I EI 6 0 OD 120 IF Overdenture magnet retention, implants
not connected

3 58/F RFD 1 CC I EI-TW 6 3 (3) NO 0 RFD Large anterior osseous defect, anterior
wound dehiscence, returned to RFD,
bone graft infection (3/4 lost)

4 54/F RFD 1 CC I EI 6 0 OD 108 IF Overdenture magnet retention, implants
not connected

5 62/F RFD 1 CC I EI 4 0 OD 109 RFD Overdenture O-ring retention, implants 
bar-connected

6 66/M RFD 1 CC I EI 5 5 OD 36 NT, IF Anterior osseous defect, overdenture 
O-ring retention, implants free standing,
all implants fractured, patient returned
to RFD

7 41/F RFD 1 CC I EI 7 3 OD 48 NT Late bone graft infection-1/2 out, 
overdenture O-ring retention, implants 
bar-connected, compromised 
prosthesis, patient lost to follow-up

8 44/F TMVA 1 CC I EI 10 0 (2) FR 96 NT-IF Oronasal fistula, delayed placement of
5 implants (6 mo.)

9 76/F RFD 1 CC I EI 6 1 (1) OD 116 RFD Overdenture O-ring retention, implants 
bar-connected

10 53/M CLP, RFD 1 CC I EI 7 2 FR 94 NT Oronasal fistula bilateral, anterior
wound dehiscence

11 47/M TPSD 1 CC I EI 9 0 (2) F 99 NT ,IF Anterior osseous defect
12 67/F RFD 1 CC I EI 6 0 FR 96 NT ,IF
13 46/F RFD 1 CC I EI 6 6 OD 58 NT Returned to RFD
14 59/F RFD 1 CC I EI 6 0 OD 94 IF Overdenture magnet retention, implants

not connected
15 54/F RFD 1 CC I EI 6 1 OD 86 IF Overdenture Ceka retention, implants 

bar-connected
16 42/M TGSW 1 CC I EI 3 0 A 67 IF Oronasal fistula, large osseous defect,

compromised prosthesis
17 53/F RFD 1 CC I EI 6 0 FR 80 IF
18 58/F RFD 1 CC I EI 5 0 FR 81 NT
19 69/M RFD 1 CC I EI 6 0 (2) FR 61 NT, IF
20 59/M RFD 1 CC I EI 8 0 FR 53 IF
21 60/F RFD 1 CC I EI 8 0 FR 33 IF
22 48/M TGSW 1 CC I EI 6 0 F 29 IF Previous closure of oronasal fistula with

bone graft
23 64/F RFD 1 CC I EI 7 0 (1) FR 30 IF Anterior osseous defect, previous 

subperiosteal implant
24 59/F RFD 1 CC I EI 9 1 FR 23 IF
25 39/M RFD 1 CC I EI 9 1 F 16 IF Marginal bone loss noted on all

implants at stage 2 surgery
26 67/F RFD 1 CC I EI 8 0 F 12 IF
27 18/F TMVA 1 CC I EI 4 0 OD 7 IF Anterior osseous defect, RPD over 

freestanding implants
28 60/M RFD 1 CC I EI 8 0 F 59 NT, RPD
29 47/F TPSD 2 CC I LS 6 1 (2) OD 84 IF Oronasal fistula, large anterior osseous 

defect, patient died
30 33/M TGSW 2 C Cr MP 3 0 OD 89 IF Oronasal fistula, anterior osseous defect

(premaxilla)
31 38/M TGSW 2 C Cr MP 5 0 (1) OD 97 IF Oronasal fistula, anterior osseous defect 

(premaxilla)
32 18/F TMVA 2 CC I LS 7 2 (0) F 17 NT Osseous defect (right posterior maxilla)

Etiology: CLP = cleft lip and palate; RFD = removable full denture; TMVA = trauma/motor vehicle accident; TPSD = trauma/postsurgical defect; TGSW =
trauma/gunshot wound.
Bone graft type: CC = corticocancellous block; C = cortical block.
Bone graft donor site: I = ilium; Cr = cranium.
Bone graft fixation: EI = endosseous implants; TW = transosseous wires; LS = lag screws; MP = miniplates.
Prosthesis type: FR = fixed-removable; OD = overdenture; NO = no prosthesis; F = continuous fixed; A = abutments.
Opposing occlusion: NT = natural teeth; RPD = removable partial denture; IF = implant-supported continuous fixed prosthesis; RFD = removable full
denture.
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procedure with iliac bone had been used, and both
patients experienced prosthesis failures. The cause
of the 75% bone graft failure in patient #3 was
related to inadequate bone graft fixation sec-
ondary to compromised host bone and partial
wound dehiscence 10 days after surgery. The cause
of the 50% bone graft failure in patient #7 was
infection, which was diagnosed 6 months after
second-stage surgery (12 months after bone graft
placement). Initial bone graft healing was un-
complicated.

Implant Data. A total of 204 endosseous
implants was placed in the 32 patients (183 in 1-
stage procedures and 21 in 2-stage procedures)
(Tables 1 to 5). The types (and diameter) of Nobel
Biocare implants were 18 regular 3.75-mm-
diameter implants; 6 regular 4.00-mm-diameter
implants; 146 regular self-tapping 3.75-mm-
diameter implants; 17 Mark II self-tapping 3.75-
mm-diameter implants; and 17 conical 3.75-mm-

diameter implants (Table 4). Twenty-eight implants
were removed in 12 patients, and 14 implants were
not utilized (nonfunctional) in 8 patients, for an
overall implant survival rate of 86.3%. The
implant survival rates did not differ significantly
between the 1-stage and 2-stage patients or
between the segmental and the complete-arch
patients. However, a clear difference was noted in
implant survival between the first 7 patients
treated (developmental group) and the last 25
patients treated (routine group) (67% versus 91%)
(Table 3), and between the 11 patients with maxil-
lary discontinuity and the 21 patients with maxil-
lary continuity (78% versus 90%) (Table 2). The
implant survival rate was 57% in the 23 implants
that did not engage residual maxillary bone in
patients with discontinuity.

Of the 28 lost implants, 10 were removed at or
before stage 2 surgery because of failure to achieve
initial osseointegration. An additional 5 implants
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Table 3 Developmental Versus Routine Group Data, 1-Stage Versus 2-Stage Procedure Data, Compared to All 
(Total) Patients

Implants Bone graft Prostheses

No. No. removed % No. No. % No. No. % 
Patient group (no.) placed (sleeping) survival placed failed survival placed failed success

Developmental group (7 patients) 40 13 (3) 67.0 7 1.25 82.0 7 3 57.0
Routine group (25 patients) 164 15 (11) 91.0 25 100.0 25 1 96.0
1-Stage

Full-arch (27 patients) 179 25 (11) 86.3 27 1.25 95.6 27 4 86
Segmental (1 patient) 4 1 1

2-Stage
Full-arch (1 patient) 6 1 (2) 85.7 1 100.0 1 100.0
Segmental (3 patients) 15 2 (1) 3 3

Total (32 patients) 204 28 (14) 86.3 32 1.25 96.0 32 4 87.5

Table 2 Implant Survival and Prosthesis Success Relative to Discontinuity Type or
Etiology and Discontinuity Compared to No Discontinuity Patients

Maxillary discontinuity

Congenital Acquired Discontinuity

CLP MVA GSW PSD RFD Yes No

No. of patients 2 2 4 1 2 11 21
No. of implants 13 14 16 6 11 60 144
No. removed (sleeping) 4 (2) (1) 1 (2) 8 (3) 13 (8) 15 (6)
% survival 69 100 100 83 27 78 90
No. not engaging residual bone 6 — 7 4 6 23*
No. of prostheses 2 2 4 1 2 11 21
No. failed — — — — 2 2 2
% success 100 100 100 100 0 82 90

*Ten of the 23 implants not engaging residual bone in discontinuity patients were lost.
CLP = cleft lip and palate; MVA = motor vehicle accident; GSW = gunshot wound; PSD = postsurgical defect;
RFD = removable full denture.



were lost during the first 6 months of prosthesis
function. The 10 implants lost at stage 2 surgery
combined with the 5 implants lost during the first
6 months of prosthetic loading indicate that 54%
of the lost implants initially failed to attain
osseointegration. Thirteen implants (46% of those
removed) were long-term failures (typically consid-
ered “functional-prosthetic failures”) and are dis-
cussed in the prosthetic data section.

Of the 204 implants placed, 146 were self-
tapping implants 3.75 mm in diameter, and their
survival rate was 90%. The standard 3.75-mm-
diameter and Mark II self-tapping implants had
similar survival rates (89% and 94%, respec-
tively). The 4.00-mm-diameter regular and the
conical 3.75-mm-diameter implants had low sur-
vival rates (67% and 53%, respectively).

The implant survival rate was noticeably better
in the 57 longer (18 and 20 mm) implants (96.5%)
than the 147 shorter (10, 13, and 15 mm) implants
(82.0%). Also, the 53 implants that were 18 mm
long had a noticeably better survival than the 55
implants that were 13 mm long (96.2% versus
80.0%, respectively). It is important to note, how-
ever, that all 8 conical and 5 of 6 wide-implant

failures occurred in the 10-, 13-, and 15-mm
length groups, which significantly reduced the
overall survival rate in the shorter implant group
(from 86.4% to 82.0%) (Table 4).

Prosthetic Data. The mean time of prosthesis
function was 67 months (range, 7 to 144 months)
(Tables 1, 2, 3, and 5). Of the 32 patients treated,
28 experienced successful prosthetic rehabilitation
and 4 experienced prosthetic failure, for an overall
prosthesis success rate of 87%. Only 1 of the fail-
ures was in the routine group (success rate of
96%), as compared with 3 in the development
group (success rate of 57%). All 4 prosthesis fail-
ures occurred in the 28 patients who underwent 1-
stage procedures.

The prosthesis type for the 13 implants
removed after prosthesis loading was: (1) fixed
removable (#25): 1 implant was removed after 11
months of function and the prosthesis was not
affected; (2) overdenture supported by implant-
connecting bar with Ceka retention (#13): 6
implants were removed (3 at 28 months and 3 at
47 months of function) and the patient returned to
a complete denture; (3) overdenture supported by
free-standing implants with O-ring retention (#6):
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Table 5 Implant and Prosthesis Survival Relative to Prosthesis Type and Opposing Occlusion

Prosthesis type Opposing occlusion

F FR OD A NO NT IF NT+RPD NT+IF RFD

Implants
No. placed 47 78 70 3 6 32 106 14 36 16
No. removed (sleeping) 3 (2) 5 (5) 17 (4) 3 (3) 13 4 (5) 2 (6) 4 (4)
% survival 94 94 76 100 50 60 96 86 100 75

Prostheses
No. placed 6 11 13 1 1 5 17 2 5 3
No. failed 3 1 2 1 1
% success 100 100 77 100 0 60 100 100 80 67

F = fixed; FR = fixed removable; OD = overdenture; A = abutment-supported; NO = no prosthesis; NT = natural teeth; IF = implant-supported fixed; RPD =
removable partial denture; RFD = removable full denture.

Table 4 Implant Survival Relative to Implant Type and Length

Regular Wide Self-tapping Self-tapping
(3.75 mm) (4.00 mm) (3.75 mm) Mark II Conical Total

Implant No. No. No. No. No. No.
length No. removed No. removed No. removed No. removed No. removed placed
(mm) placed (sleeping) placed (sleeping) placed (sleeping) placed (sleeping) placed (sleeping) (removed) % survival

10 5 1 0 0 30 3 (3) 0 0 5 2 (2) 40 (6) 85.0
13 5 1 (1) 1 0 40 7 (5) 1 0 8 3 (1) 55 (11) 80.0
15 3 0 4 1 36 4 (1) 5 1 4 3 52 (9) 82.7
18 1 0 1 1 40 1 11 0 (1) 0 0 53 (2) 96.2
20 4 0 0 0 0 0 0 0 0 0 4 (0) 100.0
Total 18 2 (1) 6 2 146 15 (9) 17 1 (1) 17 8 (3) 204 (28) 86.3
% survival 89.0 67.0 90.0 94.0 53.0



all 5 conical implants fractured (between 29 and
36 months of function), and the patient returned
to a complete denture; (4) no final prosthesis (#3):
1 nonfunctional implant was removed 16 months
after stage 2 surgery, and the patient continued
with complete denture use.

The most frequent prosthesis used was an over-
denture (13 patients), next in frequency was a
fixed removable prosthesis (11 patients), and the
least frequently used was a continuous fixed pros-
thesis (6 patients). The 17 patients with fixed or
fixed removable prostheses experienced no pros-
thesis failure (100% success). However, the 13
overdenture patients experienced 3 prosthesis fail-
ures. All 3 patients experienced delayed implant
loss (3 at 5 months, 5 at 29 months, 3 at 36
months, and 3 at 57 months). The causes of
implant loss in the 3 patients who experienced
prosthesis failure and wore a removable complete
denture at the end of the study were probable
implant overload, with fracture of 5 implants
(patient 6); late bone graft infection (patient 7);
and late implant loss (3 at 29 months and 3 at 57
months) resulting from idiopathic bone resorption
(patient 13). The fourth patient (#3) who experi-
enced prosthetic failure never received a prosthesis
because of early (75%) bone graft loss and the loss
of 3 of 6 implants placed.

Implant survival was 94% (125 placed, 8
removed) in 17 patients who had continuous fixed
or fixed removable prostheses; in contrast, implant
survival was 76% in the 13 patients who wore an
overdenture (Table 5).

Two patients experienced significant prosthesis
compromise. One patient (#16) underwent suc-
cessful surgical treatment (bone graft and implants
in 1 stage), with closure of a large oronasal fistula,
and experienced significant functional improve-
ment. However, a final dental prosthesis was not
fabricated, and the patient had improved (but less
than ideal) function with implant abutments and
was not classified as having a prosthetic failure.
The second patient (#7) lost 3 implants after 5
months of prosthesis function, required a prosthe-
sis remake, had compromised function, and was
classified as having a prosthetic failure.

The most common opposing occlusion was pro-
vided by a continuous fixed implant-supported
prosthesis (17 patients). The other groups of
opposing occlusion were: 5 patients with natural
teeth only, 2 patients with natural teeth and a
removable partial denture, 5 patients with natural
teeth combined with a fixed implant-supported
prosthesis, and 3 patients with removable com-
plete dentures. For the 22 patients whose opposing

dentition was a fixed implant-supported prosthe-
sis, implant survival was 97% and prosthesis suc-
cess was 96%. For the 12 patients whose opposing
dentition was natural teeth, implant survival was
82% and prosthesis success was 75%. The 3
patients whose opposing occlusion was a complete
removable denture experienced 75% implant sur-
vival and 67% prosthesis success (Table 5).

Discussion

The biologic factors of nonvascularized free bone
grafts are critically important to understand.24–32

Reports on these factors emphasize the importance
of gentle harvesting techniques and describe the 3
basic healing mechanisms that are required for pre-
dictable bone graft healing: (1) “bone induction,”
which relies heavily on a healthy recipient site con-
taining vital osteoprogenitor cells as well as the
presence of active bone morphogenic protein in the
donor bone graft; (2) “bone conduction,” which
relies on a well-vascularized, watertight closure
recipient site to permit early revascularization4 and
secondary “creeping substitution” bone healing;
and (3) “transfer osteogenesis,” which involves the
transfer of living osteoprogenitor stem cells in the
marrow portion of the bone graft. Immediate
transfer of the bone graft from the donor site to
the recipient site is recommended to decrease
extracorporal time and increase transplant cell
survival.

Rigid fixation of the onlay bone graft and rigid
stability of the endosseous implants is critically
important (Fig 1b). Clinically, bone healing of
osteotomy sites and survival of bone grafts are
improved when the movable parts are rigidly fixed
in a physiologic manner. This improvement has
been confirmed experimentally.2,3 However, non-
physiologic rigid fixation can lead to bone graft
resorption during revascularization and remineral-
ization33,34 by the effective stress shielding of
bulky rigid metal plates. The use of commercially
pure titanium endosseous implants, miniplates, or
lag screws in these study patients provided skeletal
stability of the maxillary onlay bone grafts without
simultaneously creating a stress-shielding environ-
ment during graft healing; only 1 patient (#25)
exhibited marginal bone loss at stage 2 surgery.

The type of bone autograft (membranous or
endochondral) is another factor that may affect
grafting success, particularly of onlay bone grafts
in the craniofacial skeleton. In 1974, Smith and
Abramson19 studied bone healing in rabbits by
evaluating onlay bone grafts in 2 recipient sites
(subcutaneous and subperiosteal). They found
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that the recipient site was not a factor in bone
graft healing. However, the membranous bone
maintained a much greater volume during a 12-
month period than did the endochondral bone.
They cited the much larger percentage of cancel-
lous bone in the endochondral bone grafts as a
reason for increased loss of bone volume during
the revascularization and remineralization of the
bone graft specimen. In 1983, Zins and
Whitaker20 came to the same conclusion: “mem-
branous bone undergoes less resorption than endo-
chondral bone when autografted in the craniofa-
cial complex of the rabbit and monkey.” Using
fluorescent microscopy, they found that the rate of
bone formation was the same, so they theorized
that bone “resorption must be occurring at a more
rapid rate with endochondral grafting.” In 1985,
Kusiak et al,21 using microangiographic tech-
niques, documented that “membranous onlay
bone grafts in the rabbit are more rapidly vascular-
ized than endochondral grafts.” A clinical study by
Borstlap et al35 comparing rib (endochondral) and
mandible (membranous) autografts in 15 patients
with alveolar cleft found that the “ectomesen-
chymal graft is better incorporated, significantly
less resorbed.” Their study, however, was flawed
in that each group was treated in a different center
with different surgical, orthodontic, and prosthetic
regimens. For example, patients in one group
(ectomesenchymal) had adjacent teeth moved into
the bone-grafted site, whereas patients in the other
group had prosthetic replacement over the bone-
grafted site. Borstlap et al35 demonstrated that
functional loading internally was an important fac-
tor during the early revascularization and the rem-
ineralization of autogenous bone graft healing.

All 32 patients in the present study had
advanced vertical and horizontal maxillary bone
loss and were not candidates for an implant-
supported prosthesis unless they received major
simultaneous bone-deficient replacement using free
autogenous bone grafting. The overall prosthesis
success rate of 87% was acceptable for these
patients, because other treatment options were lim-
ited and accompanied by functional and esthetic
compromise. This prosthesis treatment success
increased to 96% for the last 25 patients, who
were treated after the surgical-prosthodontic team
experienced a positive learning curve with the first
7 patients. Individual endosseous implant and bone
graft survival also increased substantially (67% to
91% for implants and 82% to 100% for bone
grafts) because of the experience gained with the
first 7 patients. Surgical modifications incorpo-
rated after experience with the first 7 patients

included modified incision placement, avoidance of
implant placement in discontinuity site, and insis-
tence on internal rigid skeletal fixation of onlay
bone grafts (with endosseous implants, miniplates,
or lag screws rather than transosseous wires).

Eleven patients with discontinuity presented
unusual surgical challenges that would severely
limit the success of bone grafting and endosseous
implant placement.16 Because residual bone is
absent in the discontinuity segment, the onlay
bone graft is not supported, and simultaneous
endosseous implant placement will traverse
through the bone graft only and potentially lack
stability. Implant failures in the discontinuity
patients occurred primarily in the bone graft seg-
ment (in which 10 of the 23 implants placed did
not engage residual bone and eventually were
removed, for a 43% loss). The surgical implant
team subsequently decided against placing
implants in the bone graft traversing a discontinu-
ity site. Implants could later be placed into healed
bone graft sites if needed prosthetically. Also,
patent oronasal communications in these patients
should ideally be closed 3 to 6 months before bone
graft reconstruction to ensure added soft tissue
coverage on both the nasal and oral sides of the
osseous defect.

Other potential etiologic factors for implant
loss previously noted in the compromised maxil-
lary implant reconstruction include short
implants36,37 and prior nicotine use38; the latter
affects the vascularity and cellularity during the
healing process. Bone quality (or bone density) is
another important predictor of success, as short
implants do well in dense mandibular bone39 but
generally perform poorly in less mineralized maxil-
lary bone.36,37 A recent study40 documented
increased implant loss in patients with decreased
bone mass density, as measured on the forearm by
single-photon gamma absorptiometry in age- and
sex-matched patients.

When endosseous implant placement is delayed
(2-stage procedure), final prosthetic treatment is
delayed an additional 4 to 6 months. This delay
not only adds substantial cost and inconvenience
but also may result in biologic compromise. Addi-
tional hardware is required to rigidly stabilize the
bone graft, and the bone graft is not internally
loaded by the dental prosthesis for an additional
time (4 to 6 months). During this additional time,
bone resorption may occur as a result of disuse,
and nonphysiologic loading by an interim remov-
able mucoperiosteal-supported denture may add to
this early bone graft resorption. Resorption of
onlay bone grafts is well documented.19–21,41 The
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ideal bone graft loading time is unknown and may
vary from patient to patient. However, earlier (4 to
6 months after placement) internal bone graft load-
ing42 rather than later (12 months after placement)
loading seems appropriate provided the surgical
procedures are appropriately performed, and maxi-
mal bone healing involving osteoinduction, osteo-
conduction, and transfer osteogenesis have been
allowed to occur. Bone graft healing was impres-
sive in the patients with maxillary discontinuity,
when the size of the osseous deficiency and pres-
ence of oronasal communication were considered.

Two partial bone graft failures occurred and led
to 2 prosthetic failures. The first failure (in patient
3) was related to an inadequately stabilized bone
graft and early (10 days postoperatively) wound
dehiscence, whereas the second failure (in patient
7) occurred 6 months after stage 2 surgery and
was related to sepsis of unknown cause. Wound
dehiscence occurred 10 to 14 days after surgery in
4 patients. In 2 of the patients, the dehiscence was
minor and related to a 4-corner wound closure in
the midline of the cleft lip and palate. In the other
2 patients, the dehiscence was related to compro-
mised blood supply of the labial flap (extensive
posttrauma scar tissue and a high lip incision). The
high lip-labial incision potentially compromised
the blood supply to the remainder of the labial
flap, which received very little if any collateral vas-
cularity from the palate. This incision approach
was modified (Fig 1c) after experience with the
third patient, and no additional incision dehiscence
was encountered in nontrauma patients.

The incision line problem leading to surgical
modification represented additional experience,
which enhanced future procedures. Obtaining an
everted, watertight, nontension closure with the
modified low incision requires a high incision in
the periosteum, which allows the elastic fibers in
the submucosa to lengthen (collagen fibers in the
periosteum will not stretch), along with stretching
of the nonkeratinized mucosa of the labial buccal
sulcus. The authors believe that the position of the
incision relative to the underlying bone graft is not
as important as is the blood supply to the wound
edges. If the surgeon provides minimal augmenta-
tion for the benefit of implant placement only,
rather than large, bulky grafts (Figs 1a and 1b)
extending under or replacing the anterior nasal
spine and nasal aperture for cosmetic benefit, a
periosteal incision may not be required.15

The implant survival rate (86.3%) in the 32
patients was acceptable and did not significantly
affect the prosthesis success rate after the seventh
patient was treated, provided that an adequate

number of implants (7 to 9) was placed in the typi-
cal edentulous maxilla. After the seventh patient,
the implant survival rate was 90.1%, and impor-
tantly for the patient, the prosthesis success rate
was 96.0%, with the lone failure being long-term
functional overload in 1 patient, who lost 3
implants at 29 months and another 3 implants at
57 months after loading.

In this study, implant survival data relative to
implant type did not reveal an important differ-
ence; however, the 3 patients with 17 conical-type
implants experienced 8 implant failures (including
5 implant fractures in patient 6). A previous
report41 documented significant marginal bone
resorption (mean of 4.9 mm after 3 years in 30
patients) with the conical implant design, in which
osseointegration does not begin until threads are
present (approximately 4 mm inferior to the
implant platform). Bone loss in this study did not
vary with gender, and pocket probing depth did
not increase in the same group of patients43 in
whom significant marginal bone loss was recorded.

Marginal bone loss in this retrospective study
was not quantified because comparable consecu-
tive radiographs were not consistently available for
all patients. However, radiographic evidence of sig-
nificant (marginal) bone loss was conspicuous by
its absence. Only 1 patient lost multiple implants
(6) after long-term use; this could have been
related to progressive marginal bone loss over
time. As an implant retention factor, implant
length did not show the typical trend for this sys-
tem, as longer implants in the maxilla yielded only
marginally higher success rates; if the 10-mm
implant is compared with all other lengths (13, 15,
18, and 20 mm), the difference in survival was 2%
(85% versus 87%). If the shorter implants (10, 13,
and 15 mm) are compared with the longer
implants (18 and 20 mm), the difference in sur-
vival is 14.5% (82% versus 96.5%). More impor-
tantly, when the wide and conical implants were
removed from the data, implant length was not a
significant risk factor. This lack of significant dif-
ference indicates that reduced implant length in the
presence of adequate bicortical implant stabiliza-
tion of the 1-stage onlay procedure can still poten-
tially provide acceptable results.

Prosthesis survival data revealed a number of
interesting findings. The 17 patients with rigidly
connected implants and continuous fixed or fixed
removable prostheses (no tissue contact) had no
prosthesis failures (100% success). In contrast, the
13 patients with overdenture-type prostheses had a
much lower success rate (77%). One patient did
not receive a prosthesis (early bone graft and
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implant failure). The prosthesis success rate was
also different in the first 7 patients (57%) com-
pared to that in the subsequent 25 patients (96%).
However, 2 of the 3 failures were related to early
implant loss, and the third failure was related to
prosthesis overload on nonconnected implants,
which eventually fractured; therefore, the overden-
ture prosthetic treatment concept in itself cannot
be implicated as the sole etiologic factor in pros-
thesis treatment failure.

An implant-supported prosthesis providing the
opposing occlusion (totally or in combination with
natural teeth) contributed to a prosthesis success
rate of 96%. This rate was higher than in patients
with natural teeth (totally or combined with a
removable partial denture), for whom a prosthesis
success rate of 75% was recorded. Although the
opposing occlusion of an implant-supported pros-
thesis as compared to natural teeth gave an
improved treatment outcome, the difference is not
statistically significant. Importantly, once the
surgical-prosthodontic team gained experience with
this implant treatment, the more likely the treat-
ment was to involve an implant-supported prosthe-
sis in the opposing arch, and this modification
allowed the prosthodontist more flexibility in con-
trolling occlusal stress on the maxillary prosthesis.

Summary

During a 12-year study of 32 consecutive patients,
composite bone graft reconstruction of edentulous
maxillae with advanced bone loss gave acceptable
implant and bone graft survival rates and prosthe-
sis success rates. However, the surgical/prostho-
dontic learning curve was important. Prosthetic
patients who had significantly higher treatment
success were those with a fixed continuous or
fixed-removable prosthesis, without associated
maxillary discontinuity, and whose opposing
occlusion was a fixed implant-supported prosthe-
sis. Factors that improved surgical results included
(1) modification of incision placement, (2) avoid-
ance of implant placement without bicortical
implant stabilization, and (3) utilization of self-
tapping implants. The benefit of early internal
functional loading using endosseous implants in
the rigidly fixed onlay bone graft in the 1-stage
procedure seems to counterbalance the theoretical
benefit of improved bone graft healing of membra-
nous rather than endochondral nonvascularized
bone autografts.
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