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Purpose: To evaluate the efficacy, associated morbidity, and results of a three-dimensional reconstruction
technique for repairing severe defects of the maxilla using a calvarial autogenous bone graft and a soft tissue
double-layered surgical approach in preparation for placing dental implants. Materials and Methods: Bone
defects of the maxilla consecutively reconstructed with calvarial autologous graft in the authors’ institution
were retrospectively evaluated. Patients with combined maxilla alveolar ridge defects with a width less than
4 mm and a height less than 7 mm (to the level of the maxillary sinus or the nostril), with at least three
teeth involved, were included in the study. Calvarial bone blocks were sagittally sectioned in fine layers and
fixed three-dimensionally in a boxlike structure with particulate bone inside. The purpose was to obtain an
adequate amount of vertical and horizontal alveolar bone to enable restoration with dental implants at least
3.4 mm in diameter and 11 mm in length. Results: Eleven reconstructive procedures were performed in
10 patients. Bone graft integration was successful in all of them. No major complications were observed
in the donor cranial site. A mean bone gain of 5.04 mm (range, 3.4 to 7.8 mm) in height was obtained
(standard deviation [SD], 1.69). The implant surgery was performed between the 15th and 19th weeks. A
total of 28 implants were placed, and the mean follow-up time was 45 months (range, 23 to 65 months;
SD, 12). The mean graft vertical resorption was 0.78 mm (range, 0.50–1.50 mm; SD, 0.00) 41 months
after implant fixation. Conclusion: Three-dimensional reconstruction technique using calvarial bone grafts to
restore severe segmental or crestal bone defects in the maxilla is an effective and predictable procedure that
can increase the horizontal and vertical bone volume in preparation for the successful placement of dental
implants. INT J ORAL MAXILLOFAC IMPLANTS 2015;30:880–890. doi: 10.11607/jomi.3627
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S

evere alveolar and segmental defects in the maxilla have congenital, infectious, or traumatic causes,
including long-standing edentulism, periodontal
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disease, hyperpneumatization of the maxillary sinus,
severe infection complications, and post-traumatic
and postsurgical bone defects (tumors and cysts).1
Multiple techniques and procedures have been developed to solve clinical problems based on the horizontal and vertical components of the maxillary process:
maxillary sinus and nasal cavity lifting, guided bone regeneration (GBR) using membrane or titanium mesh,
onlay block bone grafting, inlay block bone grafting
using maxillary osteotomy, particulate bone grafting
from intraoral sites (eg, chin, retromolar area of the
mandible), distraction osteogenesis, alveolar ridge
expansion, and insertion of zygomatic and pterygoid
implants in anatomical buttresses. 2–10
Multiple intraoral (symphisis and mandibular ramus) and extraoral (iliac crest, calvarium, tibia, and
rib) donor sites have been described in autogenous
bone graft harvesting.1 These donor sites provide
grafts that differ with regard to various characteristics: embryologic origin (membranous or endochondral ossification), type of bone (cortical or cancellous),
bone architecture (thickness, shape, and curvature),

available volume, resorption rate, and morbidity. The
ideal bone graft material must provide adequate volume, integrate well into the recipient site, be close in
proximity to the atrophic area, be easily harvestable,
and have low morbidity. In addition, it is very important that the graft be stable over time (ie, the resorption rate must be minimal). Thus, the origin of the
membranous bone and its structural composition are
important: it must have a resistant outer cortex with
thin sectioning to facilitate vascular penetration and
revascularization of the entire graft, and it must have
a predominant inner cancellous layer.11
Calvarial bone is a predictable option for reconstructing severe segmental defects of the maxilla
when large amounts of bone graft are required.12
Multiple references in the literature describe the use
of particulate or block calvarial bone to reconstruct
craniomaxillofacial bone defects of diverse origins.3,12
Calvarial bone is characterized by its embryologic origin of membranous ossification, which gives this bone
a lower and slower resorption rate than the iliac crest
(of endochondral origin).12 When used as a bone graft,
it also contains a large number of morphogenetic proteins.12 Usually the patient will only require a short
hospitalization period with minimal postoperative discomfort, and the scar can be hidden by the patient’s
hair. The reported disadvantages include the need for
general anesthesia, the lack of flexibility and malleability of the graft, the resorption overtime (caused by
the abundance of cortical bone, which complicates its
revascularization and nutrition when it is applied in a
block in the recipient site), the insufficient width, and
the possible intra- and postoperative complications.13
The three-dimensional (3D) reconstruction technique with bone grafts was initially developed by using autologous grafts harvested from the mandibular
retromolar area.11 The goal is to restore the alveolar
ridge by developing a superior 3D structural graft with
the fundamental mechanical characteristics of an ideal
bone graft. For restoration of major defects, bone grafts
can be obtained from both intraoral mandibular rami or
from distant extraoral donor sites. One suitable donor
site is calvarial bone, as it has structural qualities similar
to mandibular cortical bone.3,12 Grafting will occur if the
3D structure is fixed correctly, concurrent with adequate
relaxation in the overlying soft tissue. This will minimize
the most frequent complication of onlay grafts: wound
dehiscence with bone exposure, contamination, and
the partial or total loss of the bone graft.
The purpose of this study was to evaluate the results of treatment for severe crestal and segmental
defects of the maxilla using the basic principles of 3D
reconstruction: harvesting, handling (the bone blocks
were sagittally sectioned in fine layers), and fixation (in
a boxlike structure with particulate bone inside) using

autogenous calvarial bone gra
soft-tissue surgical approach at
used to minimize tension and p
bone matured.

MATERIALS AND METHODS
Patient Selection
Severe bone defects of the maxilla reconstructed with
calvarial autologous graft in the Department of Oral
and Maxillofacial Surgery of the Principe de Asturias
University Hospital (Alcalá de Henares, Madrid, Spain)
between February 2009 and July 2012 were retrospectively evaluated. Patients with combined maxilla alveolar ridge defects of any etiology with a width less than
4 mm and a height less than 7 mm (to the level of the
maxillary sinus or the nostril), with at least three teeth
involved, were included in the study. The exclusion criteria applied before surgery were as follows: smoking
habit, poorly controlled diabetes, previous history of
repeating sinusitis or maxillary radiotherapy, and deficient oral hygiene.
The purpose of this procedure was to create an alveolar ridge a minimum of 5.5 mm thick and 11 mm high
to allow the placement of a dental implant at least
3.4 mm in diameter and 11 mm in length. The height
was suitable to restore the vertical dimension, avoiding an excessive discrepancy with the antagonist
teeth, and to improve the esthetics, especially of the
anterior section.
Before treatment, all patients underwent panoramic
radiography and cone-beam computerized tomography (CBCT) to determine the 3D volume of the defect
and to estimate the size and shape of the graft (Fig 1).

Surgical Technique
All patients received prophylactic antibiotics (oral
amoxicillin-clavulanic acid 1 g/250 mg every 12 hours
starting 1 hour before the intervention and continuing for 7 days). All patients underwent surgery under
general anesthesia and nasotracheal intubation. The
donor and recipient sites were infiltrated with local
anesthetics (articaine hydrochloride with epinephrine
1:100,000).
The surgical procedure at the donor site took place
first. One or two corticocancellous bone graft blocks of
the diploë of the calvarial bone involving the nondominant parietal bone were removed. MicroSaw disks
(0.25 mm thick; FRIOS MicroSaw, Dentsply Implants)
were used for bone graft harvesting under copious irrigation with a physiologic saline solution. Bone grafts
4 to 6 cm long (according to the size of the defect)
and 2 to 4 mm wide were harvested, leaving intact
the internal cortex of the parietal bone throughout
The International Journal of Oral & Maxillofacial Implants 881
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Fig 1 (a) Partial maxillary defect involving five teeth secondary to tumor surgery (giant cell granuloma) and failed primary reconstruction. (b, c) Panoramic radiograph and cone beam computed tomography scan, respectively. Bone defect and screws are from
a previous surgery.
Fig 2 (a) Bone block harvesting from
calvarial skull, parietal area. (b) Sagittal
splitting of bone blocks. (c) 1- to 2-mmwide grafts. (d) Titanium mesh at the donor site.
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b

c

d

the procedure. The blocks were divided sagittally with
MicroSaw discs to harvest two fine monocortical strips
between 1 and 2 mm wide. The donor site was covered
with titanium mesh or calcium phosphate cement,
depending on the case, to protect the skull and avoid
collapse. Finally, the pericranium and the scalp were
sutured (Fig 2).
Next, the surgical procedure at the recipient site
was performed with a wide buccal sulcus incision.
The mucosal layer was dissected in a supraperiosteal
plane from the most cranial part to the alveolar ridge.
A periosteal incision was made over the caudal side of
the defect with lateral discharges directed away from
the defect. A subperiosteal flap with a superior base
exposing the recipient bone was lifted (Fig 3).
One of the cortical strips harvested from the skull
was placed in a crestal position and fixed with 1.2-mm
osteosynthesis screws (Stryker Leibinger). The rest of
882 Volume 30, Number 4, 2015

the block was particulated in small fragments and,
together with cancellous diploë chips, used to fill the
space between the defect and the crestal bone graft.
The other strip of cortical bone was carved adequately
to follow the natural curvature of the maxillary arch,
placed in a buccal position over the particulate bone,
and fixed with osteosynthesis microscrews and/or
miniplates (Fig 4).
Once the bone reconstruction was completed, the
periosteal flap was replaced, and the graft covered; the
mucosal flap was then replaced, covered, and sutured
at the buccal sulcus. Resorbable sutures were used to
close the two planes. The mucosal flap was closed using a direct nontensional technique.
Between the third and fifth month after the surgical intervention, panoramic radiography and CBCT
were performed to measure the vertical alveolar ridge
augmentation and to plan the implant surgery (Fig 5).

1
2
3

a

b

c

d

Fig 3 Schematic illustrations of the vestibular approach to the recipient site using a double-layered soft-tissue surgical flap. (a) Initial situation showing (1) mucosal layer, (2) periosteal layer, and (3) bone. (b) Mucosal flap is inferiorly reflected in a supraperiosteal
plane, periosteal incision on the crestal border, and elevation of a periosteal flap exposing the bone defect. (c) 3D reconstruction
technique for alveolar bone augmentation is shown. (d) Final situation shows soft tissue flaps repositioned and sutured.

Fig 4 (a) Crestal graft fixation. (b) Inside
filling with particulate bone. (c) Vestibular
graft shaped to follow the natural curvature of the arcade. (d) Vestibular graft
fixed with microplates and microscrews.
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b

c
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With the administration of local anesthesia, the osteosynthesis screws and miniplates were removed, and
the dental implants were placed (Fig 6).
After an osseointegration period of 4 months, gingival molding devices were placed over the implants, and
the prosthetic procedure began (Fig 7). The patients
were monitored with clinical and radiologic examinations (Figs 8 and 9).
Bone resorption was assessed in annual panoramic
radiographs and a current CBCT scan. The same investigator performed all measurements. Because implants
were placed crestally, the initial bone level was considered to be located at the height of the implant shoulder. Vertical bone resorption, mesial and distal to the
implants, was calculated on panoramic radiography
carried out after 1 year of loading and repeated on an
annual basis. The distance from the implant shoulder
to the crestal bone level was measured at each point in

the study. The magnification was taken into account by
comparing the implant length in the radiograph with
the measurement recorded in the medical records. At
the time of the study, CBCT was performed to measure
the buccal and palatal resorption. To assess bone resorption, the arithmetic mean of all measurements was
calculated.

RESULTS
Eleven reconstruction procedures were performed for
severe maxillary alveolar ridge defects in 10 patients
(eight women and two men) (Table 1). For one woman
with bilateral posterior atrophy caused by long-standing partial edentulism, the procedure was performed
on both sides in the same intervention. The mean age
was 44 years and 2 months (range, 18 to 62 years). The
The
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Fig 5 Radiographic fo
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graph and (b) CBCT with
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Fig 6 Implant surgery. (a) Minimal graft resorption, and (b) osteosynthesis material removal
and insertion of dental implants.

a

b
Fig 7 (a) Clinical and (b) radiologic appearance with gingival
formers in position 4 months after implant placement.

a

b
Fig 8 (a) Implant-supported prosthesis. (b) Radiographic view after 1 year of functional loading.

a

b

a

b

Fig 9 (a) Clinical occlusal view. (b) CBCT buccal and palatal resorption measurements around implants after 1 year of functional
loading.

etiology of maxillary defects was as follows: four patients experienced bone atrophy after long-standing
edentulism; two patients were affected by the sequela
of tumor removal (failure of primary reconstruction
884 Volume 30, Number 4, 2015

after the removal of central giant cell granuloma) or
the sequela of cyst removal (nasopalatine duct cyst);
two patients experienced bone loss after a severe infection (one woman diagnosed with multiple sclerosis

Table 1

Reconstruction Surgery Data
Graft fixat

Procedure
no.
Sex

Age
(y)

1
2
3
4

F
F
F
F

41
29
44
45

65
61
60
45

5†
6†
7

F
F
M

52
52
41

8
9
10
11

F
F
M
F

62
48
54
18

Mean (SD)

Follow-up Augmentation
(mo)
site

Involved
teeth*

Atrophy
etiology

LPM
AM
AM
AM

25–27
12–22
12–22
12–22

44
44
42

RPM
LPM
RPM

14–17
24–27
15–17

Infection
Trauma
GTR failure
Surgical
sequela
Edentulism
Edentulism
Infection

39
38
37
23

RPM
LPM
RPM
RM

14–17
24–27
14–17
11–15

Associated Donor site
procedure
closure

SL

Mi

4
4
8
4

2
NA

SL
SL
SL

TM
TM
PPM

4
5
4

NA
NA
NA

SL
SL
SL

TM
TM
CPG
TM

6
8
4
11

NA
NA
NA
2

PCG

Edentulism
Edentulism
Edentulism
Surgical
sequela

Screws

PPM
PPM
TM
TM

45 (12)

o o s te s
g
Donor site sinking

Donor site sinking
Donor site sinking
Crestal graft
fracture
Donor site sinking
8 mm area of
alopecia

5.64 (2)

*FDI tooth-numbering system.
†Bilateral reconstruction in same patient.
LPM = left posterior maxilla; SL = sinus lift; PPM = polypropylene mesh; NA = not applicable; AM = anterior maxilla;
GTR = guided tissue regeneration; PCG = pericranial graft; TM = titanium mesh; RPM = right posterior maxilla;
CPG = calcium phosphate gel; RM = right maxilla.

Table 2

Implant Data

Procedure
no.

Maximum crestal
bone vertical gain
(mm)

1
2
3
4
5†
6†
7
8
9
10
11
Mean (SD)
Total

7.8
4.2
4.4
3.6
3.6
3.4
6.4
3.6
4.2
7.0
7.2
5.04 (1.69)

Implant site*

Implant length (mm)

Consolidated
period (wk)

No. of
Implants

1

2

3

4

1

18
17
15
19
16
16
16
15
15
16
16

2
2
2
2
3
3
2
3
3
2
4

25
11
12
12
13
23
15
14
24
16
12

27
22
22
22
15
25
17
15
25
17
13

NA
NA
NA
NA
16
26
NA
16
27
NA
14

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
15

13
13
13
13
13
13
11
11
13
13
11

2

3

13
NA
13
NA
13
NA
13
NA
13
13
13
13
11
NA
11
13
13
13
13
NA
13
15
12.64 (4.10)

Implant diameter (mm)

4

1

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
11

3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.4

2

3

4

3.8 NA
NA
3.8 NA
NA
3.8 NA
NA
3.8 NA
NA
4.5 4.5 NA
3.8 4.5 NA
3.8 NA
NA
3.8 3.8 NA
3.8 3.8 NA
3.8 NA
NA
4.5 3.8 3.8
3.89 (0.78)

28

*FDI tooth-numbering system.
†Bilateral reconstruction in same patient.
NA = not applicable.

developed osteomyelitis during long-term treatment
with corticosteroids and immunosuppressants, and
one patient developed extensive alveolitis post-extraction of multiple teeth); one patient experienced
facial trauma; and in one patient, regenerative surgery
with biomaterials failed. In seven patients, the defect
was located in the posterior maxilla between the premolars and the maxillary tuberosity; in three patients,
the defect was located in the anterior maxilla and involved the four anterior teeth; and in one case, the
defect was intermediate, involving five teeth in the
canine area.

The bone grafts were fixed with the 3D procedure
using 1.2-mm titanium screws (mean, 5.64 screws). In
six cases, four screws were sufficient (two per cortical
strip). In two cases, two 1.7-mm miniplates were used
to strengthen the fixation. Seven maxillary sinus lifts
and one pericranial soft tissue graft were performed as
the primary procedure. To protect the cranial vault and
to avoid local collapse, the donor site was covered with
a malleable dynamic titanium mesh fixed with microscrews in six patients (Stryker Leibinger); three patients
received a monofilament polypropylene mesh (Prolite,
Atrium Medical); and one patient received an injectable
calcium phosphate gel (Hydroset, Stryker Leibinger).
The International Journal of Oral & Maxillofacial Implants 885
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Table 3

Mesial and Distal Resorption Measurements of Bone Grafts After Functio
Implants (in Millimeters)

Procedure
no.

Follow-up after implant
fixation (mo)

Follow-up after
implant loading (mo)

1
2
3
4
5*
6*
7
8
9
10
11
Mean (SD)

60
57
57
41
41
40
38
35
34
33
19
41

56
51
51
34
36
36
32
29
29
28
14
36

1st year
M

D

Mean

M

D

1.00
1.00
1.00
0.00
1.35
1.35
1.00
1.00
0.67
0.50
1.50
0.77
(0.00)†

0.50
1.00
0.00
1.00
1.00
0.67
0.00
0.67
0.67
0.50
0.50
0.10
(0.00)†

0.75
1.00
0.50
0.50
1.17
1.00
0.50
0.83
0.67
0.50
1.00
0.00
(0.00)†

1.00
1.00
1.00
0.50
1.35
1.35
1.00
1.00
1.35
0.50

1.0
1.00
0.00
0.50
1.00
0.67
0.50
0.67
1.00
0.50

1.00
0.50
0.50
1.17
1.00
0.75
0.83
1.17
0.50

0.00
0.00
0.00
0.00
0.00
0.25
0.00
0.50
0.00

0.00
(0.00)†

*Bilateral reconstruction in same patient.
†Mean increase.
M = Mean mesial resorption around implants; D = mean distal resorption around implants; ∆ = mean increase of resorption after
1 year of loading.

Table 4

Overall Mean Vertical Resorption Around Implants at the Time of the Study (in Millimeters)

Procedure
no.

1
2
3
4
5†
6†
7
8
9
10
11
Mean (SD)
Overall mean (SD)

Current time*
M

D

M-D mean

B

1.00
1.00
1.00
0.50
1.33
1.33
1.00
1.00
1.33
0.50
1.50

1.00
1.00
0.00
0.50
1.00
0.67
0.50
0.67
1.00
0.50
0.50

1.00
1.00
0.50
0.50
1.17
1.00
0.75
0.83
1.17
0.50
1.00
0.86 (0.00)

0.60
0.00
0.95
1.35
1.33
1.30
1.35
0.00
1.27
1.00
1.28

P

.00
.00
.00
.00
.50
.63
.45
.00
.00
.00
.53

B-P mean

0.30
0.00
0.48
0.68
0.92
0.97
0.90
0.00
0.63
0.50
0.90
0.60 (0.00)

0.78 (0.00)

*Mean follow-up after loading: 36 months.
†Bilateral reconstruction in same patient
M = mesial; D = distal; B = buccal; P = palatal.

The average follow-up time after the grafting procedure varied between 23 and 65 months (mean, 45
months). In one case, an early fracture of the crestal
lamina of the graft occurred and required the removal
of a mesial fragment. Six patients had a mild scalp sinking that was only perceptible on touching. No differences were seen between polypropylene or titanium
mesh. In the single case in which injectable calcium
phosphate gel was used, this minor complication was
not reported. One patient developed visible 8 mm area
of alopecia on the anterior section of the scar on the
scalp.
The implant placement took place between the
15th and 19th week after the augmentation procedure
886 Volume 30, Number 4, 2015

(mean, 16 weeks and 2 days) (Table 2). The mean
gain in bone height after dental implant placement
was 5.04 mm (range, 3.4 to 7.8 mm). A total of 28 implants were placed (Xive with original Cell Plus surface,
DENTSPLY Implants): 17 were 3.8 mm in diameter and
13 mm in length; four were 4.5 × 13 mm; five were
3.8 × 11 mm; one was 3.8 × 15 mm; and one was 3.4 ×
11 mm. The average diameter was 3.89 mm, and the
average length was 12.64 mm. All implants were successfully osseointegrated.
Mean follow-up time was 41 months (range, 19
to 60 months) after implant placement (Table 3). The
function and stability of these implants were judged to
be good. Intraoral clinical examination demonstrated

3rd year
M

1.00
1.00
1.00
0.50
1.35
1.35

D

1.00
1.00
0.00
0.50
1.00
0.6

Mean

1.00
1.00
0.50
0.50
1.17
1.00

4th year
∆

0.00
0.00
0.00
0.00
0.00
0.00

M

D

Mean

∆

1.00
1.00
1.00

1.00
1.00
0.00

1.00
1.00
0.50

0.00
0.00
0.00

healthy peri-implant mucosae with no signs of inflammation. Esthetic outcomes were satisfactory. At the time
of the study, no major resorptive modification of the calvarial grafts was detected radiologically. The mean mesiodistal bone height resorption measured on panoramic
radiography after the first year of implant loading was
0.77 mm (range, 0.50 to 1.17 mm). The resorption increased
0.10 mm in the second year, 0.00 mm in the third and
fourth year of loading.
At the time of the study (after a mean loading time of
36 months), the mean mesiodistal resorption was 0.86 mm
(range, 0.00 to 1.50 mm) and the mean buccal-palatal resorption was 0.60 mm (range, 0.00 to 1.35 mm) (Table 4).
The overall mean vertical resorption was 0.78 mm from
19 months to 5 years after implantation, and ranged from
0.0 to 3 mm.

DISCUSSION
This study demonstrated that the 3D reconstruction technique with autogenous bone grafts could be one of the
most effective procedures used to treat the height and
width of severe maxillary defects, because this procedure
offers satisfactory medium-term results as well as stability
over time.11 According to Khoury14 and other authors,15
autogenous bone grafts are the safest of all procedures,
and possess the best mechanical characteristics (mainly
because of the cortical bone) and osteogenic characteristics (mainly because of the cancellous bone), as well as
nonantigenic capacity.- Although this 3D reconstruction
technique has been previously described for local alveolar
ridge augmentation using autografts from the retromolar
area of the mandible,11 to the authors’ knowledge, this

study is the first to describ
calvarial bone grafts for th
crestal and segmental defec
In all 11 reconstructed s
maxillary alveolar ridge c
with mean bone gain of 5.04 mm at the time of
implant placement. In the present study, only the
amount of bone gained in the vertical direction
was calculated. Horizontal width was also clinically
achieved and checked using long-term CBCT. After
a follow-up period of 2 to 5 years after augmentation surgery, the mean graft height reduction was
0.78 mm. Medium and long-term graft resorption
of bone blocks is a problem that has been widely
described in the literature.16–18 Cordaro et al19 reported a 41.5% loss in bone height in the first 6
months when the chin or mandibular ramus was
used as the donor site. Other authors have reported 0 to 20% vertical loss of intraoral autogenous
grafts in the first 6 months.17,20,21 When the bone
graft is composed of corticocancellous bone from
the iliac crest, resorption occurs more quickly,
starting during the remodeling process. Therefore,
the implants must be placed soon after the augmentation surgery.9 Within 6 months, Bell et al22
observed 23% vertical resorption in the posterior
mandible for corticocancellous bone grafts from
the iliac crest placed extraorally in patients with
severe mandibular atrophy.
In the present study, implants were placed a
mean 16.3 weeks after the reconstruction procedure. It is widely acknowledged that dental
implants inhibit resorption of both residual and
transplanted bone.23,24 Therefore, even though
additional remodeling can be anticipated, many
authors hypothesize that implants would aid in
stabilizing the graft volume.25 Radiographic follow-up between 1.5 and 5 years after implantation
(mean, 41 months) showed stable marginal bone
levels. The mean mesiodistal bone height reduction after the first year of implant loading was
0.77 mm, with minimal or no increase in the years
after, which is within the acceptable values suggested by Albrektsson et al.26 These results are
similar to long-term results previously reported
for implants placed in regenerated bone, in which
the greatest amount of bone resorption occurred
within the first year of loading, and the marginal
bone levels remained stable thereafter.27,28 The
bone remodeling pattern observed in the present study was consistent with the findings of other
studies that reported mean bone resorption of
1 mm after 1 year of functional loading, with a
minimal increase during the second year (0.1 mm),
around implants placed in regenerated bone using
The International Journal of Oral & Maxillofacial Implants 887
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autogenous bone grafts and titanium meshes.29 Titanium mesh with autogenous bone alone or mixed with
anorganic bovine bone has been used successfully in
reconstructive implant surgery.30–33 These studies indicated that titanium mesh is effective in augmenting
the bone volume of the atrophic alveolar ridge.
Intramembranous autogenous block grafting is
still considered the main method for extensive reconstruction of the maxilla because it exhibits less bone
resorption after healing.34,35 Compared with the intraoral ramus donor site, calvarium is considered to
be a useful donor site that provides a large amount
of intramembranous bone to rebuild severe segmental defects. The patients selected in the present study
received calvarial grafts because they presented with
extensive defects affecting at least three teeth in the
maxilla. The results of the present study support the
concept that the resorption of calvarial bone after
the first year is generally smaller than that of ramus
bone, which ranged from 17% to 25% 6 months after
surgery.19,20,36 Other authors evaluated bone volume
and density changes of calvarial split bone grafts after alveolar ridge reconstruction. They found a mean
volume reduction of 16.2% after 6 months of healing (15 patients) and 19.2% at a 1-year follow-up (five
patients).37,38
In this study, the bone grafts were harvested from
the diploë of the nondominant parietal bone of the
calvaria. The MicroSaw discs used to harvest the grafts
have a 7-mm radius and provide a 0.25-mm clean cut,
which ensures a secure and minimally traumatic technique. The calvarial donor bone has the advantages of
excellent structural characteristics and, because of its
embryologic origin, minimal resorption. Preparing the
harvested calvarial bone graft in fine strips of cortical
bone in boxlike forms facilitates vascular penetration
and the rapid distribution in the particulate bone.11 In
this manner, graft revascularization can be more predictable than corticocancellous graft blocks.16–18 This
procedure decreases the resorption of the bone graft,
which is clinically evident when the implant is placed,
and facilitates its insertion.
The immobilization of the harvested bone is another basic requirement for ensuring that neovascularization occurs correctly. The initial stability of the
harvested bone is fundamental to achieving absolute
immobilization and complete healing without encouraging the formation of fibrous tissue. The boxlike
harvested bone placed with the 3D technique provides the structure for adequate mechanical stability,
encouraging the incorporation of the bone graft into
the recipient site. Fixing the cortical graft strips with
two to four microscrews of 1.2 mm diameter was sufficient. In this study, none of the bone grafts showed
mobility. Although there was one case of a fracture in a
888 Volume 30, Number 4, 2015

fragment of the crestal layer, it wa
the immobilization technique. Fro
of view, it is important for the an
crestal graft to be supported corre
border of the vestibular layer, be
tion is fundamental. If necessary, miniplates may be
used to improve fixation.
The dehiscence of the surgical wound over the graft
and the resulting early bone graft exposure is an inconvenient complication of the onlay grafting technique
for maxillary reconstruction.19–21 This complication
leads to graft contamination and, in most cases, to the
partial or total loss of the bone graft. According to other authors, sutures over the harvested bone must be
avoided to minimize the probability of a severe complication.5,12,18,39,40 This precaution is particularly important in cases of vertical augmentation. The double
flap surgical approach used in this study provided an
excellent field of vision for the recipient site. It offers
the advantage of covering the graft in two planes: a
periosteal flap over the bone and a tension-free mucosal flap with no crestal incision over the periostium.
This technique reduces the incidence of postoperative
wound dehiscence. This complication was not reported in the present study.
Maxillary sinus lifting was frequently associated
with the 3D reconstruction technique for the posterior
maxilla (seven cases in the present study). This technique produces results that are similar to implant osseointegration into nonaugmented bone.14,41,42 In the
present study, the subantral space was filled with calvarial particulate bone in all patients, and the access to
the sinus window was closed with a cortical bone graft
placed on the buccal aspect. Using both techniques
in the posterior region enabled the safe placement of
dental implants of adequate length.
Despite successful outcomes described by some
authors, the GBR at this site has a high incidence of
membrane or mesh exposure associated with the particulate autogenous bone grafts or biomaterials.7,43–45
The postexposure contamination of the graft inevitably leads to the failure of the procedure.41 Furthermore, the membrane protects the particulate bone
graft from resorption, but once it is removed or reabsorbed, the graft begins to decrease in volume in
an unpredictable manner.46–48 In the present study,
membranes were not used because of the structural
arrangement of the boxlike monocortical bone strips
that hold and stabilize the particulate graft without
the need for another barrier.11
Traditionally, the main drawbacks of calvarial bone
grafts are the complications at the donor site and the
need for a second extraoral surgical field as well as
general anesthesia. In general, with careful use of the
surgical technique, complications at the cranial donor

site are rare, and the procedure is practically pain and
inflammation free. Severe complications, such as subdural and epidural hematoma, superior sagittal sinus
laceration, or brain damage, have been described.49,50
Eventually, dural exposure or lacerations with cerebrospinal leaks could occur. Other minor complications include infection at the donor site, hematomas,
depression of the bone contour of the skull, sensitivity
alterations, scarring on the scalp that becomes visible
after hair loss, and localized alopecia. The complications are more common with bicortical bone graft
harvesting.51 Iturriaga and Ruiz52 found a considerable number of minor and major complications after
harvesting cranial bone (57.7%). Scheerlinck et al53
reported a 19% rate of major complications. However,
low complication rates have also been reported: Iizuka
et al54 and Kellman55 did not observe complications
at the donor site in 13 and 20 calvarial bone removal
procedures, respectively. In the present study, the incidence of complications at the donor site was relatively
low. They included a mild collapse of the cranial vault
(only noticeable to the touch) and, in another case, a
small nonvisible area of local alopecia that was well
tolerated by the patient.
None of the implants failed 19 months to 5 years after implantation, and no implant mobility or pain was
revealed on percussion. All patients reported satisfactory function of the implant-supported restorations.
The clinical and conventional radiologic follow-up
showed excellent stability of the reconstructions. The
CBCT scans have added a more accurate and reliable
process of resorption measuring to the follow-up.

CONCLUSIONS
Based on the results of this study, the treatment of severe maxillary defects using autogenous calvarial bone
grafts prepared with a 3D technique was a predictable
procedure that led to successful osseointegration in
all patients. Although the number of cases in this series was limited, there were no major complications at
the donor site. The double-layered incision at the recipient site (without opening the crestal mucosa) enabled the nontensional primary closure of the wound
and adequate coverage of the bone graft during the
maturation process. No radiologic bone resorption of
the graft was seen when the implants were inserted.
The horizontal and vertical dimensions of the maxilla
were restored, and the implants were placed successfully. Calvarial grafts exhibited a minimal resorption on
long-term follow-up.
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