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Abstract. The aim of this research was to use cone beam computed tomography
(CBCT) to analyze the volume, density, and morphology of the bone available in the
anterior region of the maxilla, in order to investigate its potential as a source of bone
grafts. Three independent zones were evaluated: the palatine process of the maxilla
(PPM), anterior nasal spine (ANS), and subnasal bone (SN). The latter was analyzed
bilaterally (SNg, SNr). One hundred CBCT scans were evaluated. The
morphometric analysis comprised volumetric and subsequent automatic density
calculations, as well as linear measurements. Potential correlations among these
parameters, including demographic characteristics, were investigated. The study
comprised 52 women and 48 men (mean age 49.6 £+ 14.5 years). The calculated
bone volume averaged 2.41 4+ 0.72 cm? for PPM, 0.46 & 0.16 cm® for ANS,
0.58 £ 0.2 cm” for SNg, and 0.57 + 0.21 em® for SNy.. The anterior region of the
maxilla can provide a considerable amount of bone volume from different
anatomical zones and should be regarded as a potential donor site for the
regeneration of maxillary atrophic bones. Further investigation is required before
these findings can be applied in the routine clinical setting.
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The search for reliable bone graft donor
sites is a constant aim of clinicians dedi-
cated to oral and maxillofacial reconstruc-
tion. Although substantial investigation
has resulted in the incorporation of several
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allografts, xenografts, and alloplastic
materials into the routine armamentarium,
autologous bone grafting is still consid-
ered, in most cases, the gold standard
option.'

The reconstruction of certain maxillo-
facial defects requires clinicians to obtain
autologous grafts from extraoral sites such
as the iliac crest, tibia, and parietal bone.
Alternatively, intraoral donor sites may be
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preferable for certain indications in order
to reduce morbidity, time, and costs.” The
disadvantage of these is that they often
provide limited bone volume.”’ In addi-
tion, the great variability that exists be-
tween individuals has been highlighted.®’
Hence, an individualized analysis of each
case is crucial.

Used in conjunction with the appropri-
ate software, computed tomography (CT)
provides the most powerful and reliable
technique for pre- and postoperative as-
sessment.'® However, the advent of cone
beam computed tomography (CBCT) has
provided a very convenient tool for the
evaluation of the hard tissues in the den-
tomaxillofacial area. Advantages of
CBCT include its wide accessibility, easy
handling, and low radiation doses com-
pared to conventional CT."'

Unexpectedly, the number of studies
assessing intraoral donor sites — even with
conventional radiological techniques — is
quite low.”*!'%!* In fact, only one recent
publication reports the combined use of
CBCT and accurate volumetric measure-
ments with a structured and reproducible
method."

Traditionally, the anterior region of the
maxilla has been considered a recipient
site for bone grafts. Very few studies have
considered it as a donor site.'> '® To date,
three different zones have been described
for this purpose: the palatine process of the
maxilla (PPM), anterior nasal spine
(ANS), and subnasal bone (SN).

The present study investigators have
recently described a specific methodology
for the morphometric evaluation of the
PPM using CBCT technology and a relat-
ed third-party software.'* Based on the
favourable preliminary results, the aim
of this study was to assess the available
bone volume, density, and morphology of
the anterior region of the maxilla in a
structured, precise, and reproducible
way, and thereby to demonstrate its po-
tential application as an alternative source
of intraoral grafts.

Materials and methods

A retrospective analysis of the CBCT
scans of 100 patients who had been re-
ferred to a university dental clinic for
routine dental evaluation was performed.
Patients were selected from the centre
database according to the following in-
clusion criteria: CBCT imaging of the
entire maxillary bone, complete physical
growth (age >20 years), and dentate
(from tooth 14 to 24). Patients with de-
velopmental malformations of the maxil-
la, tumours or cysts of the hard palate,

severe periodontitis involving the region
from tooth 14 to 24, and impacted teeth in
the area of study were excluded from
further evaluation.

The study was conducted in accordance
with the principles outlined in the Decla-
ration of Helsinki (first adopted at the 18th
World Medical Association General As-
sembly, Helsinki, Finland, June 1964).
Ethical approval was obtained from the
local ethics committee of clinical research.
Written informed consent for CBCT anal-
ysis was obtained for each case. Patient
confidentiality was safeguarded in com-
pliance with the 15/1999 Organic Law.
There was no direct or indirect contact
with any of the study subjects, and their
personal information was appropriately
separated from the study database and
filed for any possible audits, inspections,
or confirmation of information veracity.
Accordingly, each patient was assigned a
number (consecutive from 1 to 100).

CBCT scans were obtained with an i-
CAT device version 17-19 (Imaging
Sciences International, Hatfield, PA,
USA). The radiological parameters used
were 120 kV and 5 mA; the axial slice
default distance was 0.300 mm and the
voxel size was 0.3 mm”>. The facial mode
with 23-cm field of view (FOV) was used.
Primary images were stored as DICOM
(Digital Imaging and Communication in
Medicine) files.

The metric analysis was performed as
described in a previous publication.'* This
methodology was applied to each of the
three anatomical regions studied: PPM,
ANS, and SN. The patient’s dataset was
opened in SIMPLANT Pro 16.0 software
(Materialise, Leuven, Belgium). The re-
gion of interest was defined in a sagittal
slice view, eliminating all unnecessary
areas. By default, the slice thickness
was 0.3 mm. In order to obtain a thickness

per slice of 0.9 mm, two segments from
each slice were omitted. In ‘segmentation
mode’, a mask was created marking the
starting point of the bone. All areas irrele-
vant to the study were again eliminated.
Then, maximum quality was set for the
three-dimensional (3D) analysis. Once in
‘planning preparation mode’, a panoramic
curve was created to facilitate the readings
on the different spatial planes. A
40.1 mm error deviation was established
for all calculations. All measurements
were taken from the axial plane in a
caudal—cranial direction. Three references
were set for each slice (anterior, posterior,
and lateral margins). Once this protocol
was implemented, a surface was created
for each slice.

For the purpose of quantitative volu-
metric analysis, a 3D image of the delim-
ited zone was constructed. Each of the
three volumes of interest was defined as
outlined below.

For the PPM, the starting slice was the
base of the hard palate. The ending slice
was the nasal floor. The anterior margin
was the palatine area from tooth 14 to 24.
This limit was defined by marking a point
in the medial/palatine area of each tooth
(Fig. 1). The same procedure was followed
for the mesial and distal views wherever
an adjacent tooth was not observed (usu-
ally in the longest canine roots) (Fig. 2). A
2-mm safety margin was established
around the incisive canal. In this case,
three peripheral points were marked
(one on either side of the paramedials
and one middle posterior). Similarly, a
2-mm safety margin was also set wherever
the maxillary sinus appeared in the most
cranial slices (Fig. 3). Wherever any of
these teeth were no longer observed (usu-
ally in the most cranial slices), the anterior
margin was delimited by the facial buccal
plate. The posterior margin was the palatal

Fig. 1. Palatine process of the maxilla: axial caudal slice.



CBCT analysis of the anterior maxilla

Fig. 2. Palatine process of the maxilla: axial middle slice.

vault (never beyond 14 and 24) and the
lateral margins were projected lines in the
distal area of 14 and 24.

For ANS, the starting slice was 2 mm
above the apices of the upper central
incisors (UCI). The ending slice was the
nasal floor. The anterior margin was the

Fig. 4. Anterior nasal spine: axial middle slice.

facial buccal plate, the posterior margin
was 2 mm anterior to the incisive canal,
and the lateral margins were projected
lines 2 mm from both distal apices of
the UCI (Fig. 4).

The SN area was assessed bilaterally
(SNg, SNp). The starting slice was 2 mm
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above the apices of the upper lateral inci-
sors (ULI). The ending slice was the nasal
floor. The anterior margin was the facial
buccal plate, the posterior margin was the
posterior bony margin of the palatal vault
(never beyond 14 and 24), and the lateral
margins were projected imaginary lines
from the distal apices of the ULC to the
mesial apices of the upper canines (UC). A
2-mm safety margin was also set between
these teeth (Figs 5 and 6).

After volume calculation, the mean den-
sity of each volume of interest was calcu-
lated automatically by the software.

Linear measurements were also per-
formed in order to facilitate better under-
standing of the areas. These were outlined
as follows: (1) For PPM, the height was
the distance from the most caudal to the
most cranial slice. (2) For ANS, the height
was the distance from 2 mm above the
apices of the UCI to the nasal floor. The
width was the distance from 2 mm distal to
the apex of the right UCI to 2 mm distal to
the apex of the left UCI; the starting point
was 2 mm above the apices of the UCI.
The depth was the minimum distance from
the incisive canal to the facial buccal
plate; the starting point was 2 mm above
the apices of the UCI. (3) For SN, the
height was the distance from 2 mm above
the apices of the ULI to the nasal floor.
The width was the distance from 2 mm
distal to the UCI to 2 mm mesial to the
UC,; the starting point was 2 mm above the
apices of the ULI. The depth was the
distance from the facial buccal plate to
the posterior bony margin of the palatal
vault (never beyond 14-24); the starting
point was 2 mm above the apices of the
ULL

All measurements were submitted to
statistical analysis using SPSS version
15.01 software (SPSS Inc., Chicago, IL,
USA). A paired #-test was used to assess
the degree of similarity between SNk and
SN . Pearson’s linear correlation was used
to study potential correlations among the
different variables and all the areas stud-
ied. A multiple linear regression test was
conducted to explain relationships be-
tween individual demographic character-
istics and the volumes and densities of the
three areas studied.

Results

The study sample comprised 52 women and
48 men with a mean age of 49.6 &+ 14.5
years. Application of a Kolmogorov—Smir-
nov test confirmed the normality of the
sample distribution (P > 0.200). Figures
7-9 display the mean volume, linear, and
bone density measurements obtained for
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Fig. 6. Total volume reconstruction in 3D:
oblique view.

the PPM, ANS, SNg, and SN;. Table 1
shows the results of paired #-tests for the
comparison of SNi and SNp, which
revealed a very high degree of symmetry.

High correlation coefficients were
found among the different variables
(volumes and densities) and different
areas studied (Table 2). Figures 10 and
11 display the results of the analysis of
potential relationships between individual
demographic characteristics and the
volumes and densities of the three

areas studied. Volumes showed different
patterns and, conversely, densities
reflected independency from age and sex
for all areas analyzed.

Discussion

Despite clinical experience supporting the
efficiency and reliability of the PPM as a
potential donor site for the 3D reconstruc-
tion of alveolar defects,'® it was not until
2013 that a systematic method for analyz-
ing an intraoral donor site using CBCT
with suitable software was available.'*
The selection of the ideal intraoral do-
nor site should be based on several vari-
ables: location, quantity, quality, graft
morphology, and possible intra- and post-
operative complications.'® Taking these
factors into account, the PPM shows a
number of advantages, such as location,
size, and type of graft. The most appropri-
ate indication for a PPM graft is probably
the regeneration of the anterior maxilla,
because there is only one surgical field
required and the surgical time and mor-
bidity are significantly decreased.'®
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Fig. 7. Bone volumes (means and standard deviations) for the palatine process of the maxilla
(PPM), anterior nasal spine (ANS), and subnasal bone (right, SNr; left, SNI).

Although implant therapy in the anteri-
or maxilla is common, as is the need to
regenerate this area,” to the authors’
knowledge only three papers using the
PPM graft method are available in the
scientific literature. Together these add
up to only 20 cases.'®?!??

According to Agbaje et al.,”* the mean
socket volume from tooth 14 to 24 is
0.23 £0.12cm’. Considering that the
mean PPM graft in the previous pilot
study'* measured 2.41 £ 0.785 cm®, it
was inferred that the reliability of the
PPM as a donor site for restoring proximal
alveolar defects was justified quantitative-
ly. In the present study, the application of a
similar methodology to a wider sample
confirmed the former findings; in fact,
the results were extremely similar
(2.41 £ 0.72 cm®).

Considering these results, the amount
of bone that can be grafted from the PPM
is similar to that from the mandibular
ramus,'® which is a well-established do-
nor site. Moreover, the PPM provides
intramembranous and corticocancellous
bone. Reduced accessibility and the risk
of damaging the neighbouring roots or
causing nasal and sinus perforations are
considered its major drawbacks.”' The
description of safe zones for bone har-
vesting could help reduce such compli-
cations. Accordingly, different linear
measurements have been included in this
new research to facilitate better under-
standing of these areas (Fig. 8). The PPM
was found to have an average height of
11.17 £ 1.94 mm. These considerable
dimensions could make this donor site
a particularly good option for the regen-
eration of vertical bone defects.'® PPM
width and depth were not assessed, be-
cause setting specific anatomical land-
marks was found to be too arbitrary
and clinically irrelevant, taking into ac-
count the individual characteristics of the
palatal vault and the presence of the
incisive canal.

No previous publications assessing the
bone volume in this area were found. The
present study quantitatively assessed the
ANS in a structured, reproducible way,
combining CBCT technology and a relat-
ed third-party software. This was also the
case for the analysis of the SN region.

In a clinical series of 15 cases, Cho et al.
evaluated the postoperative effects of bone
harvesting from the ANS on the overall
nasal shape.'” The authors claimed that a
block graft of 0.25-0.5 cm® volume could
be harvested easily from this area. Unfor-
tunately, the absence of a methodological
explanation limits the validity and subse-
quent applicability of their findings.
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Fig. 8. Linear measurements (means and standard deviations) for the palatine process of the
maxilla (PPM), anterior nasal spine (ANS), and subnasal bone (right, SNr; left, SNI) (Ht, height;
Dp, depth; Wt, width).
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Fig. 9. Bone densities (means and standard deviations) for the palatine process of the maxilla
(PPM), anterior nasal spine (ANS), and subnasal bone (right, SNr; left, SNI).

means + sd (gv)

Conversely, the present study used a meth-
odology that had been validated previous-
ly."* In addition, a substantially greater
sample size was evaluated. It can be in-
ferred that the present results are therefore
more accurate and reliable (mean volume
0.46 & 0.16 cm?).

Regarding linear measurements, a depth
of 8.91 &£ 1.65mm was obtained. This

measurement corresponds to the minimum
distance between the facial buccal cortex
and the incisive canal, since it was taken in
its most caudal portion. As Thakur et al.
observed in a series of 100 cases, the
incisive foramen was always anterior to
the nasopalatine foramen, indicating a
posterior inclination of the incisive canal
in all cases.”

Table 1. Degree of symmetry between subnasal bone, right and left.

Subnasal bone, right Subnasal bone, left P-value
Volume, cm® 0.58 +0.20 0.57 £ 0.21 0.26
Depth, mm 13.04 + 2.66 12.76 £ 2.66 0.014*
Height, mm 6.13 +1.89 6.17 + 1.88 0.387
Width, mm 7.46 + 1.05 7.36 £ 1.12 0.257
Density, gv 532.08 + 152.88 524.56 + 164.28 0.185

Significant at P < 0.05.

Table 2. Correlations among palatine process of the maxilla (PPM), anterior nasal spine (ANS),
and subnasal bone (SN) for volume and density.

PPM-ANS PPM-SN ANS-SN
Volume r=0.527 r=0.744 r=0.612
Density r=0.798 r=0.942 r=0.827
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Mean  height and width were
7.64 & 2.07 mm and 11.78 &+ 1.36 mm, re-
spectively. These data suggest that bone
blocks of 7 x 11 x9mm (height x
width x depth) could commonly be har-
vested from this area without damaging
the teeth or nasopalatine neurovascular
bundle. Taking these dimensions into ac-
count, together with its anatomical location
and buccal approach for surgical access, the
ANS graft is probably a recommendable
option for the restoration of small, local
bone defects.

According to Yeung'® and Pefiarrocha
et al.,” only a 2-3 mm bone plug can be
harvested from the SN region with a tre-
phine bur. No further data are available in
the scientific literature.

In the present research, the SN area was
assessed bilaterally. Metric results (linear,
volumetric, and densitometric) showed a
very high degree of symmetry between
SNr and SNp at all levels (Table 1).
The statistical analysis revealed one sig-
nificant difference only, related to the
linear depth (13.04 £2.66 mm for SNy
vs. 12.76 +£2.66 mm for SNy ; r=2.51;
df=99; P=0.014). Nevertheless, it
should be noted that this is a sub-milli-
metre difference and therefore of little
clinical relevance.

Volume values averaged
0.58 £ 0.20 cm”® and 0.57 £+ 0.21 cm” for
SNk and SN, respectively. As a result, it
can be inferred that a graft of approxi-
mately 1 cm® can be harvested with a dual
buccal approach.

Linear measurements indicate that bone
blocks measuring 6 x 7 x 13 mm
(height x width x depth) can be har-
vested from this area. Compared to the
results provided by Yeung'® and Pefiarro-
cha et al.,”® the present findings suggest
that a considerably larger graft is obtain-
able from the SN, and hence show this
region to be a much more attractive source
ofbone grafts. At any rate, the SN graftisa
variant of the PPM graft but with a ves-
tibular approach, which implies improved
accessibility. This is precisely one of the
reported drawbacks of the PPM graft
according to several authors.'®?'

High correlation coefficients were
found among the volumes of the three
studied areas (Table 2). In particular, the
correlation between the PPM and the SN
was  especially  high  (r=0.744;
P <0.001). This is quite a predictable
relationship, since the SN graft comprises
a portion of the PPM graft.

The correlation between demographic
characteristics and different bone volumes
was also investigated. Relationships were
more evident in the PPM (analysis of
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Fig. 10. Relationships between individual demographic characteristics and volumes for the palatine process of the maxilla (PPM), anterior nasal
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Fig. 11. Relationships between individual demographic characteristics and densities for the palatine process of the maxilla (PPM), anterior nasal

spine (ANS), and subnasal bone (SN).

variance (ANOVA), F=8.16; df=3;
P < 0.001), with a clear loss of volume
in women with increasing age (f=3.18;
P =0.002). On the other hand, a progres-
sive volumetric gain was suggested for
men. Age was the only variable that intro-
duced a statistically significant difference
longitudinally between the two sexes. In
the SN area, males exhibited greater vol-
ume regardless of age, and females
showed a recessionary trend as well. In
the ANS, complete homogeneity was ob-
served by sex and age (ANOVA, F = 0.46;
df=3; P=0.710).

The densitometric analysis revealed
very similar results for the different
regions studied. In fact, density showed
avery high degree of correlation (Table 2).
It is noteworthy that the statistical models
concluded that density was independent of
age and sex for all areas analyzed. These
results differ from the classic female trend
of bone mineral density loss with age.

It must be noted that CBCT cannot be
considered the imaging technique of
choice for the evaluation of bone
density.”® This is due to the inherent

incapability of CBCT to provide Houns-
field unit (HU) measurements, since
scanned regions of the same density in
the skull can have different grey-scale
values in the reconstructed CBCT data-
set.’’?° However, substantial efforts
have been made to address the lack of
reliability of such results.*** Moreover,
some authors have claimed that grey-
scale values in CBCT may sometimes
be comparable to real HU.**!*53% Con-
sequently, the mean bone mineral density
of the anterior region of the maxilla can
be estimated to be analogous to category
D3 in the Misch classification.
Furthermore, the method error was not
assessed for the different volume defini-
tions. Evaluating intra-observer reliability
could have added value to the present
study, since the radiological boundaries
used are not rigid anatomical landmarks.
Further limitations of this study are
grounded in the fact that the purpose of
the investigation was basic and not ap-
plied. Using a systematized, reproducible
procedure, three anatomical zones with a
limited literature context were evaluated

as potential donor sites for intraoral bone
grafts. Although the primary objective of
the study was achieved, further research is
needed to answer the numerous clinical
questions that derive from the application
of this methodology. These questions in-
clude the definition of the best surgical
approach, and the most suitable means of
obtaining the graft according to the type of
defect (saw vs. trephine vs. piezoelectric
surgery; bone block vs. particulated graft).
In addition, the metric contributions of this
study could help define safety zones for
bone graft harvesting in the anterior region
of the maxilla and hence minimize risks
and complications.

In conclusion, the results of this study
suggest that the anterior region of the
maxilla comprises several alternative
grafting options that provide considerable
bone volume. The quantity and quality of
bone grafts that can be obtained from this
region are similar or even superior to those
of bone grafts from other intraoral donor
sites. Thus, this area can be reliably
regarded as a potential donor site for the
regeneration of atrophic alveolar defects.
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