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Abstract. The objective of this study was to evaluate the maximum amount of
harvestable bone graft in the mandibular symphysis and the augmentation volume
needed for different sinus lift levels (from 10 to 18 mm), in addition to calculating
which sinus lift level can be acquired using the individual’s symphysis bone graft
volume with three-dimensional computerized tomography (3D CT) and software.
Data from 15 CT scans was obtained from 15 adult patients (10 males, five females).
The CT data, in DICOM format, was read into Mimics software from Materialize
(Leuven, Belgium), with a slice thickness of 0.5 mm. The mandibular symphysis
bone graft volumes and different levels of sinus lift augmentation volumes were
calculated on the 3D images using Mimics software. It was determined that the
average symphysis bone volume (3491.08 � 772.12 mm3) could provide
approximately 14 mm of sinus lift height (3167.84 � 1067.65). 3D CT techniques
and software can be used to calculate the required graft volume for sinus floor
augmentation and symphysis bone graft volume, and the mandibular symphysis
region can provide adequate bone volume for sinus lift augmentation.
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The lack of vertical bone in the posterior
maxilla frequently precludes proper
implant placement in this region. Increas-
ing the absolute vertical bone height can
be achieved by internal augmentation of
the maxillary sinus floor21. Sinus floor
elevation was first described by BOYNE

& JAMES
4. The space created between

the maxillary alveolar process, the ele-

vated Schneiderian membrane, and the
rotated lateral sinus wall is filled with graft
material.
A variety of grafting materials for sinus

augmentation have been reported in the
literature, but the most frequently used
material that has shown the most predict-
able results is autologous bone mate-
rial10,21. Autogenous bone graft can be

harvested from the iliac crest, tibia, cal-
varium, mandibular symphysis region,
mandibular angle or maxillary tuberosity,
and it is considered the gold standard as a
graft material in sinus grafting proce-
dures1,3,10,16,21.
As an autogenous bone graft, the man-

dibular symphysis has been used for sinus
augmentation, reconstruction of the orbital
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floor, as an interpositional graft in the treat-
ment of nonunion ormalunion of maxillary
and mandibular fractures, in conjunction
with Le Fort I maxillary advancement, in
the reconstruction of alveolar clefts, and
most popularly, in the reconstruction of
alveolar defects and ridge augmenta-
tion6,15. Compared with other intraoral
sites, the symphyseal region can provide
higher quantities of bone1. The volume of
bone available at the donor site can play an
important role in achieving adequate graft-
ing and good results.
The procedures for measuring the

volume of themaxillary sinus and symphy-
sis bone graft have changed with advances
in medical techniques, such as water dis-
placement6, cadaveric skull measure-
ments19, plain radiograph, computed
tomography (CT)9, and magnetic reso-
nance imaging. For a precise estimation
of the volume change, three-dimensional
(3D) CT has recently become a highly used
technique9,12.
The objective of this study was to eval-

uate the maximum amount of harvestable
bone graft in the mandibular symphysis
and the augmentation volume needed for
different sinus lift levels (from 10 to
18 mm), in addition to calculating which
sinus lift level can be acquired using the
individual’s symphysis bone graft volume
with 3D CT and software.

Material and methods

Data from 15 head and neck CT scans
acquired from 15 adult patients (10 males,
five females) taken for various reasons was
used in this study. Patients who had max-
illary sinus or mandibular symphysis
pathology that could prevent size and
volume calculations were excluded from
the study. CT was performed with a 16-
detector-row CT scanner (Aquillon;
Toshiba Medical Systems, Tokyo, Japan)
during one breath hold (16–24 s). Scans
were obtained with 16 � 0.5-mm collima-
tion, 0.5-mm slice thickness, 120 kV and
300 (mAs). The CT data, in DICOM for-
mat, was import intoMimics software from

Materialize (Leuven, Belgium). In order to
reconstruct 3D images based onHounsfield
units (HU), the appropriate voxels were
grouped accordingly. To this end, a mask
was created containing voxels with the
predefined Hounsfield units. Since the
authors were interested in constructing
the mandible and maxillary sinus, two
masks were created with segmentation
and region growing, and a 3D model of
themandible and rightmaxillary sinuswere
constructed. The maxillary sinus masks
ranged from �485 to �1024 HU. The
mandible was defined through the masks
with an HU value between 226 and 3071.
After maxillary sinus mask construction,
the coronal slice in which the bottom level
of the sinuswas shownwas determined.All
sinus lift levels from 10 to 18 mm were
measured on this coronal slice (Fig. 1). 3D
models of sinus lift were obtained for each
level and the volume of these models was
calculated using Mimics software (Fig. 2).

These measurements and calculations were
made for all patients. Symphyseal bone
graft boundaries were determined on the
mandibular mask, from 5 mm below the
lower incisal teeth root apex, 5 mmanterior
to the position of the mental foramen, and
cephalad to the inferior border of themand-
ible on the axial and sagittal CT slices6,15

(Fig. 3). The cortical bone and cancellous
bonewere identified based on theHUon the
mask, and the lingual cortex was removed
from the mask. A 3D image of the sym-
physeal corticocancellous bone graft was
constructed and combined with the 3D
mandibular image (Fig. 4). The volume
was measured on the 3D symphyseal bone
graft using Mimics software.

Results

The average bone volume calculated
from the mandibular symphysis was
3491.08 � 772.12 mm3. The average cal-
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Fig. 1. CT slices show sinus lift augmentation levels 12, 15 and 18 mm, respectively.

Fig. 2. 3D images of sinus augmented for 12, 15 and 18 mm levels, respectively.

Fig. 3. Symphyseal bone graft boundaries on the axial and sagittal CT slices.



culated augmentation volume for an aug-
mentation height of 10 mm was
1665.49 � 657.18 mm3; for an augmenta-
tion height of 18 mm, the average volume
required was 5057.73 � 1619.36 mm3. It
was determined that the amount of bone
volume that can be harvested from each
patient’s symphysis could be enough to
raise the sinus floor height 12 mm in one
patient, 13 mm in five patients, 14 mm in
two patients, 15 mm in three patients,
17 mm in three patients, and more than
18 mm in one patient. It was determined
that the average symphysis bone volume
(3491.08 � 772.12 mm3) could provide
approximately 14 mm of sinus lift height
(3167.84 � 1067.65). The results are sum-
marized in Table 1.

Discussion

Maxillary sinus enlargement and insuffi-
cient residual bone often require augmen-
tation procedures before dental implant
placement. After the sinus lift operation
was introduced in 1980, the technique
became widely accepted as a routine
method to increase bone volume before
implant placement12. It should be taken
into account that the grafted volumes may
adapt considerably in shape and volume
due to repneumatisation of the maxillary
sinuses12.
Although allogenic, xenogenic and allo-

plastic materials can be used in sinus lift
surgery, autogenous bone grafts are pre-
ferred due to their osteoinductive and
osteoconductive properties5,6,8. ZERBO

et al.20 determined that osteogenesis
occurred at a higher rate on an autogenous
bone graft than on the b-TCP used for
sinus floor augmentation; they suggested
that the difference in bone volume
between the two graft sides was because
the process of osteoconduction was slower

on the b-TCP side. MERKX et al.13 ana-
lysed the two-dimensional change of auto-
genous bone alone and in combination
with hydroxyapatite and bovine bone
mineral after maxillary sinus grafting. In
their study, the greatest bone height could
be achieved without inorganic additives,
while hydroxyapatite and bovine bone
mineral, used as a bone substitute, showed
a greater reduction in bone height in the
observation period. TIDWELL et al.18 and
HALLMAN et al.7 suggested that the addi-
tion of bone substitutes to autogenous
bone might result in better long-term resis-
tance to resorption.
The buccal aspect of the third molar

region, the zygoma, the maxillary tuber-
osity, the palate, and the mandibular sym-
physis have been widely used as local
donor sites in the oral and maxillofacial
region1,6,15. The main advantage of using
a local donor site is convenient surgical
access, which results in reduced operative
and anaesthesia time. The choice of graft
site depends on the amount of bone graft
necessary for the surgical procedure10. For
most grafting procedures confined to oral
surgery and implantology, it is possible to
use another part of the jaw, such as the
symphysis, as an acceptable donor site.
This allows the surgeon to limit surgical
procedures to the inside of the mouth and
avoids any extraoral wounds or scarring.
Other advantages of chin grafts include
diminished postoperative morbidity,
reduced or eliminated hospital stays with
a resulting decrease in costs, minimal
postoperative discomfort, no alteration
in ambulation, and avoidance of cutaneous
scars1,6,15. MISCH & DIETSH

14 stated that
excellent autogenous membranous bone
can be obtained intraorally from the man-
dibular symphysis when smaller dimen-
sions are needed. CRESPI et al.5 claimed
that onlay membranous bone grafts resorb

less over time because they have a higher
proportion of cortical bone than endo-
chondral bone grafts.
In an analysis of the morphological

change in the maxillary sinus, the shape
changes into an inverted pyramid as the
patient grows older9. This morphological
change increases the necessity for sinus
lift for implant placement in the posterior
maxilla. JUN et al.9 reported that the max-
imum growth period was the third decade
in males and the second decade in females,
and afterwards, the volume decreases.
UCHIDA et al.19 did not find statistically
significant differences with regard to var-
ious factors such as side, sex, and age.
According to ARIJI et al.2, the only impor-
tant parameter was age; maxillary sinus
volume tends to decrease after 20 years of
age. A specific age period was not chosen
because there is no consensus on the rela-
tionship between age and sinus volume.
UCHIDA et al.19 confirmed that the max-
illary sinus volume between the dentate
and edentulous groups was not signifi-
cantly different when the maxillary sinus
floor was lifted 5, 10, 15 or 20 mm. In the
present study, the ages of the patients
ranged from 18 to 75 years, and dentate
and edentulous individuals were included
to represent the general population.
A review of the literature indicates that

little research has attempted to quantify
the available symphyseal bone in adult
human cadavers. Of the studies available,
none provide data regarding the exact
quantity of bone available that can be used
reliably in decision-making algorithms in
patients. MONTAZEM et al.15 have sug-
gested that the elevation of the graft from
the mandibular symphysis could be diffi-
cult because of the concavity of the ante-
rior mandible. They harvested the
symphysis bone graft as two roughly
equivalent blocks and measured the aver-
age volume of the corticocancellous block
as 4.71 ml in dentate human cadavers.
GÜNGÖRMÜS et al.6 conducted a study on
a cadaverous skull, and although they
reported the average vertical–horizontal
lengths and thickness of the bone graft
obtained from the mandibular symphysis,
bone volume was not evaluated. They also
used calipers to measure the dimensions of
the graft materials. The authors of the
present study believe that their technique
offers a more reliable evaluation of the
graft volume for patients in clinical prac-
tice than that used in previous studies; it
also avoids mental nerve or tooth injury,
and simultaneously preserves the preo-
perative facial contour6,15.
Functional 3D visualisation of detailed

anatomical structures is being developed
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Fig. 4. A 3D image of the symphyseal corticocancellous bone graft and mandible.



in accordance with the requirements of
current surgical procedures11. Despite
the accuracy of present imaging modal-
ities for the evaluation of anatomical
structures, some limitations with respect
to detailed morphology and spatial rela-
tionships of oral and maxillofacial struc-
tures remain in clinical dentistry,
especially in terms of dental implantation
procedures11. Different techniques for
assessing the augmented bone volume
have been described. Plain dental or
panoramic radiographs allow an estima-
tion of the vertical dimension of grafts, but
do not provide information about volume
and 3D changes, and images may be dif-
ferent from the actual size9,12,17. To over-
come the disadvantages of conventional
methods, 3D reconstructed CT images of
the maxillary sinus should be used9.
Detailed preoperative knowledge of the

sinus lift augmentation volume and donor
site for harvesting autogenous bone is
helpful as a predictive value in deciding
which ratio of bone to bone substitute to
use. In the present study, the authors used
a 3D CT technique and software to calcu-
late precisely the required graft volume for
sinus floor augmentation and symphysis
bone graft volume, and it was shown that
the mandibular symphysis region pro-
vided adequate bone volume for sinus lift
augmentation.
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