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Abstract — Purpose: Bone grafting before implant placing can improve the treat-
ment in traumatized or regular implant patients. The aim of this study was to
evaluate the density and maximum amount of harvestable bone graft in the
mandibular symphysis. Materials and methods: Data from 15 CT-scans were
obtained from 15 adult patients (10 male/five female) for the purposes of this
study. The CT data, in DICOM format, were read into Mimics software from
Materialize (Leuven, Belgium), with a slice thickness of 0.5 mm. The volume,
density, and dimensions based on Hounsfield units (HU) were 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 mm®.
The average sized corticocancellous block that was measured was 38.75 x 11.05
x 7.80 mm. The mean bone density was 958.95 + 98.11 HU. Conclusion: The
use of three-dimensional computed tomography (3D CT) in combination with
a software program is a reliable means of determining the density of graft,
evaluat-ing maximal volume and dimensions of the graft that can be harvested
from the mandibular symphysis region.

Trauma is a dominating cause of tooth and bone loss in
the jaws. Traumatized patients are thus candidates for
implant installation. Bone grafting before implant treat-
ment can improve the placing of implants in areas with
bone deficiency where implants cannot be immediately
installed. The graft can contribute to improved aesthetics
by augmenting the tissues to their original size and

volume (1).

Bone is probably the most frequently transplanted
tissue in the human body. It can be used to treat or repair
defects resulting from atrophy, injury, congenital mal-
formations, or neoplasms. Autogenous bone has been
the only source of osteogenic cells to date, and is thus
considered the gold standard for oral reconstruction (2).

The bone grafts harvested from the ilium, ribs,
calvarium, and intraoral sites have generally been used
in maxillofacial surgery (3). The main advantage of using
a local donor site is convenient surgical access, which
results in reduced operative and anesthesia time. The
lateral aspect of the ramus, the anterior mandibular
ramus, the buccal aspect of the third molar region, the
mandibular lingual cortex, the zygoma, the maxillary
tuberosity, the palate, the coronoid process, and the
mandibular symphysis have all been used as donor sites
in oral and maxillofacial grafting (2-4).

The mandibular symphysis has been used for sinus
augmentation, reconstruction of the orbital floor, as an
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interpositional graft in the treatment of non-union or
malunion 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 aug-
mentation (3, 4). Compared to other intraoral sites, the
symphyseal region can provide higher quantities of bone
(2, 5). The quantity of available bone in the donor site can
play animportantrolein adequate graftingand good results.

The success of grafting and surgery can also be
affected by bone quality, just as the success of dental
implants is influenced by bone quality. Lekholm & Zarb
(6) have suggested a bone classification system based on
macrostructure, in which the morphology and the
distribution of cortical and trabecular bone determine
the quality of a given bone. The degree of trabeculation
as an indicator of bone density can also be determined
using conventional periapical radiographs (7). However,
the results obtained from such techniques are often
inconclusive, because the images are less able to distin-
guish between the sites (8). Recently, an image-based
bone density classification that utilizes gray-scala values
in CT has been suggested (8). The use of preoperative
bone density measurement has been advocated as a
prognostic indicator with which site-specific, objective,
and quantitative results can be obtained on the Houns-
field Unit scala (9).
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For a successful operation, surgeons need to know the
availability of the desired bone graft to minimize
possible risk (10). Several techniques have been
described in the literature to measure bone quality and
quantity, including radiography (11, 12), calipers (3, 4),
and CT (13).

In reconstructive surgery, the use of three-dimen-
sional computed tomography (3D CT) imaging has
increased the availability of qualitative information for
preoperative planning (13). However, there has been
very little research into the evaluation of donor sites
for bone grafting in real patients. No previous research
has measured the quality and quantity of symphysis
bone graft using 3D CT techniques. The aim of this
study was to evaluate the density and maximum
amount of harvestable bone graft in the mandibular
symphysis.

Materials and methods

Data from 15 CT-scans were obtained from 15 adult
patients (10 male/five female) for the purposes of this
study. The CT data, in DICOM format, were read into
Mimics software from Materialize (Leuven, Belgium),
with a slice thickness of 0.5 mm. In order to reconstruct
3D images based on Hounsfield units (HU), the appro-
priate voxels were grouped accordingly. To this end, a
mask was created containing voxels with the predefined
Hounsfield units. Since we were interested in recon-
structing the mandible, one mask was created with
segmentation and region growing with Mimics Software,
and a three-dimensional model of the mandible was
constructed. The mandible was defined using masks with
HU between 226 and 3071. Symphyseal bone graft
boundaries were determined on the mandibular mask.
The cortical and cancellous bones were then identified
based on the Hounsfield unit on this mask. The mental
foramen and lingual cortical plates have been located on
axial CT sections and symphysis graft limits have been
determined 5 mm anterior from the foramens without
lingual cortexs (Fig. 1). On sagittal CT sections, the teeth
root apexes have been determined, and symphyseal bone
graft limits were defined 5 mm below from the apexes
and cephalad to the inferior border of the mandible
(Fig. 1). A 3D image of the symphyseal corticocancellous
bone graft was then constructed and combined with the
3D mandible (Fig. 2). The volume, density, and dimen-

Fig. 1. Symphyseal bone graft boundaries on the axial and
sagittal CT slices in respectively.

Fig. 2. A 3D image of the symphyseal corticocancellous bone
graft and mandibula.

sions based on HU were measured on the 3D symphyseal
bone graft using Mimics software (Fig. 3).

Results

The results are summarized in Table 1. The average bone
volume calculated from the mandibular symphysis
was 3491.08 + 772.12 mm°>. The average sized cortico-
cancellous block that was measured was 38.75 x 11.05
x 7.80 mm. The largest block measured 34.08 x 14.91 x
8.73 mm, and the smallest measured 35.61 x 10.08 x 6.54
mm. The length of symphysis graft (LSG) measured
from two distal end on the buccal outer side of grafts was
44.16 mm (Fig. 3). The mean bone density was
958.95 + 98.11 HU.

Discussion

Autogenous bone grafts are widely used in the recon-
struction of osseous defects in the oral and maxillofacial
region. Although allogenic and alloplastic materials can
be used in reconstructive surgery, autogenous bone
grafts are preferred because of their osteoinductive and
osteoconductive properties. For most grafting proce-
dures 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

HWIL., horizontal width line
LSG, length of symphysis grafi

Fig. 3. The dimensions were measured on the 3D symphyseal
bone graft.
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Table 1. The dimensions, volumetric measurements, and bone densities of symphysis bone grafts

Vertical Horizontal Length of
Volume Thickness height width line symphysis Density
Patients (mma) (mm) (mm) (mm) graft (mm) (HU) Age
1 3431.01 10.36 11.44 40.84 47.84 988.18 19
2 3123.16 7.27 9.58 44.07 53.51 832.69 58
3 2779.97 9.34 743 41.88 47.18 1049.70 43
4 3465.98 7.05 10.02 42.65 46.66 935.67 27
5 3110.47 6.14 1.41 37.03 40.97 949.79 53
6 5232.87 8.73 14.91 34.08 39.16 1013.40 63
7 3553.04 7.70 10.96 39 46.10 950 75
8 2756.08 5.99 9.77 41.76 47.32 942.98 18
9 3033.22 7.37 9.57 4151 46.18 1016.25 19
10 4701.67 8.93 12.59 37.21 41.66 758.92 75
1 4026.35 9.51 11.04 37.56 43.95 828.91 63
12 2461.41 6.54 10.08 35.61 38.72 1017.91 19
13 4290.46 7.97 12.71 37.93 42.63 916.52 18
14 2927.96 6.80 12.11 37.27 41.89 1041.27 20
15 3472.65 7.37 12.27 32.93 38.67 1142.14 24
Mean 3491.08 7.80 11.05 38.75 44.16 958.95 39
SD 77212 1.30 1.77 3.26 416 98.11 22.55

surgeon to limit surgical procedures to the inside of the
mouth and avoids any extra oral wounds or scarring.
Other advantages of chin grafts include diminished
postoperative morbidity, reduced or eliminated hospital
stays with a resulting decrease in costs, minimal postop-
erative discomfort, no alteration in ambulation, and
avoidance of cutaneous scars (2-4).

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 and quality of
bone available that can be used reliably in decision-
making algorithms in actual patients. This study presents
that three-dimensional computed tomography (3D CT)
provides a reliable predictor of bone volume, maximal
block size, and density of the bone that can be harvested
from symphysis area without damage of adjacent
anatomic structures.

Montazem et al. (4) have suggested that the elevation

of the graft from the mandibular symphysis could be
difficult because of the concavity of the anterior mandi-
ble. They harvested symphysis bone graft as two roughly
equivalent blocks and measured the average size of the
corticocancellous block as 20.9 X 9.9 x 6.9 mm in
dentate human cadavers.
Gilingormiis et al. (3) conducted a study on a cadaverous
skull, and reported that the average length of the
bone graft obtained from the mandibular symphysis
was 45.36 + 4.82 mm, the average vertical length was
10.31 &£ 2.18 mm, and the average thickness was
9.63 £ 1.10 mm. They used calipers to measure the
dimensions of the graft materials. In the present study,
the horizontal width was measured from both surface
(average 44.16 £+ 4.16) and line between two distal points
(38.75 £+ 3.26). We believe that our technique offers a
more reliable evaluation of the graft size for patients in
clinical practice than that used in previous studies (3, 4).

Because of irregular remodeling of the bone graft, it
has only been possible in the past to obtain rough
estimates of bone volume, which was calculated as a
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product of length, width, and thickness, using a caliper in
prospective experimental studies (14, 15). Therefore,
volumetric studies that use direct measurements have
been replaced by studies of en face photographs, where
the graft area has been calculated using a digitizing
method. To determine the volume, the mean thickness
was measured from cross-sectional histological slides at
known magnifications (16, 17). Recently, CT technique
has been used to evaluate bone volume and density (18).
Jensen et al. (13) compared the 3D CT technique with
the water displacement technique for the evaluation of
bone volume in dry pig mandibles. They found that there
was a correlation between the two techniques. However,
there has been no previous research to evaluate the
volume of symphysis graft using the 3D CT technique. In
this study, we calculate close to the exact volume of
mandibular symphysis grafts, using 3D CT and Mimics
software.

Bone density can be used to evaluate bone qualita-
tively (10, 19). Bone density is classified into four groups
(D1, D2, D3, and D4) based on Hounsfield units (HU) —
an X-ray attenuation unit used in computed tomography
scan interpretations to characterize the density of a
substance. D1 (> 1250 HU) is dense cortical bone; D2
(850-1250 HU) is thick (2 mm), porous cortical bone
with coarse trabeculae; D3 (350-850 HU) is thin (1 mm),
porous cortical bone with fine trabeculae; and D4 (150—
350 HU) is fine trabecular bone (10). We found that the
average bone density of the mandibular symphysis was
958.95 + 98.11 HU, which is classified as D2. Bone
harvested from the mandibular symphysis is corticocan-
cellous in nature and contains primarily cortical struc-
tures (12). Kim et al. (20) have found that cortical bone
grafts maintain their volume, width, and projections
significantly better than cancellous bone grafts. The
primary stability of chin graft may be possible because its
corticocancellous structure allows the application of
rigid fixation.

Hemmy & Tessier (21) have shown in a visual
comparison that 3D CT reconstruction of dry skulls
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appears to represent skulls accurately, while Matteson
et al. (22) have reported on the dimensional accuracy of
3D rendered images. Quirynen et al. (23) found that,
using a standard reconstruction based on axial slides, the
most reliable cross-sectional images can be obtained with
amean absolute deviation of 0.5 mm. It has been reported
that thinner CT slices appear to increase the accuracy of
measurements, as would be expected due to the decreased
volume-averaging in thinner slices (24). Therefore, in the
present study, axial slices of 0.5 mm thickness were used.
The systematic and routine use of CT in clinical practice
has been limited by concerns about high radiation levels
and relatively high costs (19, 25). However, such risks can
be reduced considerably by lowering the dose output of
the scanner. Cone Beam CT (CBCT) also is now the most
commonly used imaging modality for implant assessment
(26). A low current and short exposure times for CBCT
significantly reduce radiation dose, and images are
adequate in diagnostic quality to allow assessment of
high-contrast structures in the oral and maxillofacial
region (27). However, the diagnostic accuracy of CBCT
was low for anterior mandibular region. The buccal and
lingual plates are considerably thinner in the anterior
region and the bone tapers towards the crest. Apparently,
the quality of the CBCT image slices is insufficient to
resolve the alveolar crest reliably in this region (28).
CBCT systems under evaluation for head and neck
imaging are typically described as having soft-tissue
contrast discrimination of approximately 10 HU. Modern
MDCT scanners have contrast resolution approaching
1 HU (29). Limited contrast resolution continues to
impair low-contrast detectability in CBCT images (30).
Therefore, we did not prefer CBCT to measure bone
density with Mimics in this study.

The mandibular symphysis region has a high quality
and quantity of bone, and has frequently been used as a
donor site in oral reconstructive surgery and oral
implantology. We believe that the use of 3D CT in
combination with a software program is a reliable means
of determining the density, maximal volume and dimen-
sions of the graft. Doctors which particularly concerned
reconstructive surgery and oral implantology can obtain
the Mimics software and use it in their clinic practice
after a short education.
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