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Abstract
Purpose To analyze greater palatine canal (GPC)
dimensions using cone-beam computed tomography

(CBCT) images, and to evaluate the position of the greater
palatine foramen (GPF) with respect to various landmarks

selected in relation to dental status.
Methods This study included 150 CBCTs. Axial slices

were used to determine the position and dimensions of the
GPF. Sagittal slices were used to assess GPC length. Ref-
erence lines were established to evaluate the GPC diameter
in sagittal and coronal slices.

Results  From the 77 GPF analyzed, 76 were located on level
2. Average posterior GPF distance was 6.59 £ 3.27 mm on
right side and 7.35 + 3.40 mm on left side. Several mea-
surements to determine the position and dimensions of the
GPF presented significant values (p < 0.05). GPC length was
12.31 &+ 1.96 mm on right side and 12.52 + 2.15 mm on left
side, statistically significant differences were detected
between genders only on right canal (p < 0.004). Sagittal and
coronal reference lines presented significantly higher values
for men except for the S3 (p < 0.062) and C1 (p < 0.067) in
the left GPC.

Conclusions CBCT is a useful tool for evaluating GPC
morphometrically in the three anatomical slices. The
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sagittal nasal plane and posterior nasal plane are two
intraoral anatomical landmarks for the location of the GPF.
Their scant variability allows accurate identification of
GPFs in both dentate as well as edentulous patients.
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Introduction

The pterygopalatine fossa is an anatomic structure with
morphology in inverse pyramid that is connected to the oral
cavity by the greater palatine canal (GPC) [7]. The vas-
cular-nervous package consisting of the maxillary nerve,
accompanied by the maxillary artery, venous rami and
pterygopalatine ganglion is located in the interior of this
fossa [3]. The maxillary nerve enters the pterygopalatine
fossa from the trigeminal ganglion through the round
foramen. The maxillary nerve joins the Meckel spheno-
palatine ganglion through small nervous rami, and then the
greater and lesser palatine nerves arise. The greater pala-
tine nerve emerges on the palate through the greater
palatine foramen (GPF) and the lesser palatine nerves
emerge through their corresponding foramina [9, 20].

The position of the GPF in the bony surface of the palate is
of great interest to dentists, maxillofacial surgeons and oto-
laryngologists for anesthetic purposes as well as the har-
vesting of subepithelial connective tissue grafts [10]. The
GPF is hidden by thick mucous, and therefore, it is important
to determine its clinical location with respect to anatomical
landmarks [8, 26]. Various skull studies [4, 19, 21, 23] have
analyzed the position of the GPF, but studies involving cone-
beam computed tomography (CBCT) are scarce [12].
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Anesthesia applied through the GPC affects the maxil-
lary teeth, palate and gingival tissue, half face skin, nasal
cavity and sinuses [10]. A thorough knowledge of the GPC
is necessary to avoid clinical complications [16, 18, 29]
affecting the vascular and nervous structures in the ptery-
gopalatine fossa. To the best of our knowledge, no previous
CBCT studies exist that analyze the GPC on the three
anatomical slices. CBCT images can be seen in the three
orthogonal planes at the same time.

The purpose of the present study is twofold. First, to
analyze GPC dimensions using CBCT images, and, second,
to evaluate the position of the GPF with respect to various
landmarks selected in relation to dental status.

Materials and methods

Our overall sample consisted of 1551 consecutive CBCTs
pertaining to patients referred to the Radiology Unit of the
Medicine and Dentistry School at the University of Santi-
ago de Compostela. CBCTs were performed from July
2008 to March 2012 for treatment planning of various oral
surgical procedures. A total of 187 CBCTs were selected
randomly. All CBCTs were classified according to dental
status into one of three groups: dentate (G1), with both
premolars and first upper molar bilaterally; partially
edentulous (G2), unilateral or bilateral absence of premo-
lars or first upper molar; or total edentulous (G3), absence
of teeth in upper jaw arch. This study was approved by the
Galician Ethics Committee of Clinical Research (Ref:
2012/272). Written informed consent was obtained from all
patients to participate in the study.

The inclusion criteria were the following: (1) patients
aged 18 years or older; and (2) CBCTs with voxel size of
0.3 mm or less. The exclusion criteria were: (1) trauma,
(2) craniofacial surgery, (3) orthognathic surgery, (4) bony
pathology in the upper jaw, (5) absence of the GPF, (6)
ossification of the GPC, (7) dental implants in the alveolar
region of premolars and molars, (8) artifacts in the region
of interest or (9) CBCTs that do not include the upper
jaw.

Image evaluation

CBCTs were done using a 17-19 i-CAT scanner (Imaging
Sciences International, Inc., Hatfield, Pennsylvania, USA)
(5 mA, 120 kVp, 14.7 s) and evaluated by an experienced
graduate student. Analysis was carried out using i-CATVi-
sion software (i-CATVision 1.9, Imaging Sciences Interna-
tional, Inc., Hatfield, Pennsylvania, USA). CBCT slice
thickness was 0.25 mm.

All measures were taken for GPF and GPC on both sides
in each CBCT. Axial slices were used to assess GPF
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position and dimensions. GPC length and reference lines
were analyzed in the sagittal and coronal slices.

Measurements to determine the position
and dimensions of the GPF

The following landmarks were selected to standardize
measurements on the axial slices: (1) GPF-PNP was
defined as the perpendicular distance from the posterior
edge of the GPF to posterior nasal plane (PNP). The PNP is
the most posterior anatomical plane of the posterior nasal
spine (PNS); (2) GPF-ANS was calculated drawing a line
from the anterior nasal spine (ANS) to the anterior edge of
the GPF; (3) ANS-PNP was obtained by drawing a per-
pendicular line to the PNP from the most anterior point of
the ANS and represents the sagittal nasal plane (SNP); (4)
GPF-SNP was defined as the distance from the anterior
edge of the GPF to SNP; (5) GPF-BBP was calculated as
the distance from the medial edge of the GPF to the buccal
bone plate (BBP); (6) anterior nasal angle (ANA) was
evaluated by joining ANS-GPF distances; (7) posterior
nasal angle (PNA) was assessed by drawing a line from the
PNP to the anterior edge of the GPF; (8) GPF width was
calculated in the anterior—posterior direction (Dap) (joining
the most anterior and posterior concavity of GPF) and
transverse direction (Dt) (joining the most mesial and distal
concavity of GPF) (Fig. 1).

Position of GPF in relation to first upper molar

Evaluation of GPF position with respect to first upper
molar was carried out only on sides that also presented the
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Fig. 1 Landmarks selected to determine the position and dimensions
of the GPF in axial image: / GPF-PNP, 2 GPF-ANS, 3 ANS-PNP, 4
GPF-SNP, 5 GPF-BBP, 6 ANA, 7 PNA and 8 GPF width
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first and second premolar. The position of the GPF was
determined by drawing a line from the distal aspect of the
maxillary first molar in the interdental space perpendicular
to the median palatine suture. To determine the GPF dis-
tance, a perpendicular line was drawn from the anterior
edge of the GPF to the interdental line. The GPFs touching
the interdental line were denominated level 0. Those
located in the anterior region of the interdental line were
denominated level 1 and those in the posterior area were
denominated level 2. The anterior GPF distances were
represented by negative values and posterior GPF distances
by positive values (Fig. 2).

Measurements to determine GPC length
and reference lines

In order to standardize measurements, reference lines were
established on the sagittal slice to measure the anterior—
posterior diameter of the GPC. The upper line was drawn at
the lower limit of the pterygopalatine fossa, and the lower
line was located at the lower end of the palatine canal
connecting the anterior and posterior walls. A third refer-
ence line was established at the midpoint between these
two lines. These sagittal reference lines were named for
their location on the canal: S1 (represents the diameter in
the lower portion of the pterygopalatine fossa), S2 (repre-
sents the diameter in the middle of the GPC) and S3
(represents the maximum diameter at the lower end of the
palatine canal) (Fig. 3).

The length of the GPC was measured by determining the
distance between the upper and lower sagittal reference
lines.

The three sagittal reference lines were used as land-
marks to measure the transverse diameter of the canal in
the coronal slices. For this, the axial cursor was located on
each reference line and the coronal cursor was located
perpendicular to the axial cursor. Thus, we established
three new coronal reference lines for the transverse

diameter of the canal. These coronal reference lines were
named for their location on the canal: C1 (represents the
diameter in the lower portion of the pterygopalatine fossa);
C2 (represents the diameter in the middle of the GPC) and
C3 (represents the maximum diameter at the lower end of
the palatine canal) (Fig. 4). In terms of the spatial position
in the canal, both sagittal and coronal reference lines are
homologous. Thus, S1 determined C1, S2 determined C2
and S3 determined C3.

Statistical analysis

Analyses were performed using SPSS 15.0 software for
Windows (SPSS, Chicago, IL, USA). The mean value,
standard deviation (SD), minimum value and the maximum
value of the variables in the study are presented in the
tables. The adjustment to the normal distribution was tested
by the Kolmogorov—Smirnov test. Comparisons of mean
values between men and women were performed using the
Student’s ¢ test for independent samples. ANOVA contrasts
were applied for comparisons between dental groups (Gl1,
G2 and G3) and posteriori comparisons were made with the
Bonferroni method. The coefficient of determination (R%)
was calculated to measure the degree of correlation between
variables, and finally, multivariate linear regression models
(MLRM) were applied to construct a prediction model of
GPF values depending on the values of correlated variables.
Statistical significance was set at p < 0.05. To check the
intraobserver variability, Kappa test for the levels of GPF
position and the intraclass correlation coefficient for the
GPF and GPC measurements were used in 20 CBCTs.

Results

A total of 150 CBCTs were included in the study. Thirty
seven CBCTs (out of 187) were not included due to the
following reasons:

poor image quality, implants in

Fig. 2 Representation of the three levels GPF position. a Level 1, b level 0, ¢ level 2
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Fig. 3 Sagittal reference lines. a S1; b S2; ¢ S3; d S1, S2 and S3

Fig. 4 Coronal reference lines. a C1; b C2; ¢ C3; d C1, C2 and C3

Table 1 Descriptive GPF measurements

Parameters Mean SD Minimum Maximum
GPF-PNP GPF-R 3.63 1.91 0 8.40
GPF-L 3.94 1.97 0 9.75
GPF-SNP GPF-R 15.05 2.00 950 20.50
GPF-L 15.44 1.98 6.00 19.80
GPF-ANS GPF-R  46.90 3.24 39.14 55.29
GPF-L 46.83 3.19 39.05 56.29
GPF-BBP GPF-R 11.91 234 5.00 19.00
GPF-L 12.35 2.59 525 19.75
Dap GPF-R 6.04 1.18 3.64 9.46
GPF-L 6.04 .12 4.00 9.41
Dt GPF-R 272 0.74 1.20 4.50
GPF-L 2.64 0.75 1.00 4.50

GPF-R right GPF, GPF-L left GPF, SD standard deviation

anatomical study area or ossification of the GPC. The study
group comprised 55 males (36.67 %) and 95 females
(63.33 %). On average, the ANA (38.91° & 4.04°) was
greater than the right posterior nasal angle (ANP-R)
(31.99° £ 7.47°) or the left posterior nasal angle (ANP-L)
(32.16° £ 7.26°) (Tables 1, 2).

GPF location relative to the distal aspect of the maxil-
lary first molar was evaluated in 38 right and 39 left
foramina. All left GPF (GPF-L) were located on level 2. Of
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Table 2 GPC length and diameters measured in the sagittal and
coronal slices

Parameters Mean SD Minimun Maximum
GPC length  GPC-R 12.31 1.96  8.06 16.53
GPC-L 1252 2.15 8.14 17.34
Sagittal level
S1 GPC-R 294  0.86 1.00 6.75
GPC-L 290 090 1.00 5.50
S2 GPC-R 3.53 0.98 1.50 6.25
GPC-L 3.61 0.97 1.50 7.07
S3 GPC-R 6.10 1.52  2.50 10.77
GPC-L 6.27 1.70  3.05 11.96
Coronal level
Cl GPC-R 2.16 052 1.00 3.75
GPC-L 2.18  0.51 1.00 3.90
Cc2 GPC-R 2.01 0.50 1.00 3.75
GPC-L 1.99 050 0.75 3.75
C3 GPC-R 3.76 1.11 1.75 6.75
GPC-L 3.63 1.06 1.50 8.70

GPF-R right GPF, GPF-L left GPF, SD standard deviation

the right GPF (GPF-R), 37 were found at level 2 and one at
level 0. None of the evaluated CBCTs showed GPFs at
level 1. Average posterior GPF distance was lower on right
side (6.59 £ 3.27 mm) as compared to left side
(7.35 + 3.40 mm).
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Ee?;lif)r? t(?lgr:;gs;ons of GPF in Parameters ~ Right side Left side
Gender Mean  SD F P Mean SD F )4
GPF-PNP Female (f) 3.27 1.93  1.279 0.002%* 3.69 198  0.001 0.042*
Male (m) 4.27 1.73 4.37 1.90
GPF-SNP f 15.06 1.93  1.547 0.950 15.51 1.88  0.279 0.599
m 15.04 215 1533 216
GPF-ANS f 4598  2.62  8.947 0.003* 4594 278 1524  <0.001*
m 4849  3.60 48.37  3.29
GPF-BBP f 11.61 222 0.851 0.042%* 12.12 251  0.409 0.151
m 1241 248 12.75 271
PNA f 30.74  6.62  5.624 0.011* 3099 6.69 0.032 0.009*
m 3416 838 3418  3.88
Dap f 5.84 1.20  0.926 0.005%* 586 1.03 2435 0.011*
m 6.39 1.07 6.33 1.21
Dt f 248 0.67 0.114 <0.001%* 239  0.66 0.700 <0.001%*
m 3.14  0.67 3.06 0.72
SD standard deviation
* Statistically significant differences p < 0.05
Table 4 (?;‘;ﬁ;"ns of GPC in Right side Left side
Gender Mean  SD F 4 Mean  SD F p
GPC length  Female (f) 1197 2.02 3.136 0.004*  12.27 218 0.537 0.053
Male (m) 12.91 1.70 1297  2.05
Sagittal level
S1 f 271 070  5.625  <0.001* 273 085 1.534 0.002*
m 333 098 3.19 092
S2 f 326 086 2718 <0.001%* 338 085 1467 <0.001%*
m 399 1.02 4.01 1.06
S3 f 574 143 0357 <0.001%* 6.05 145 6372 0.062
m 6.71 1.51 6.64  2.03
Coronal level
Cl f 206 046 2814 0.003%* 212 049  0.269 0.067
m 233 057 228  0.53
Cc2 f 1.88 047 0234 <0.001%* 1.88 044 3,578  <0.001*
m 222 0.50 219 055
C3 f 347  1.03 0.044 <0.001%* 330 0.87 1961  <0.001%*
m 427  1.09 418 1.12

SD standard deviation

* Statistically significant differences p < 0.05

In relation to gender, the dimensions of the GPF-PNP,
GPF-ANS, PNA, Dap and Dt pertaining to both GPF sides
presented significantly lower values in women. On the
other hand, average ANS-PNP distance did present sta-
tistically significant (p < 0.001) differences, with a value
of 52.71 £ 3.35 mm for women and 56.50 £ 3.96 mm for
men. ANA was also found to be significantly different
(»p < 0.009) by gender. In women the average ANA was
39.57° £ 3.88° and in men the average was

37.78° £ 4.09°. Regarding GPF-SNP distance, we found
no significant differences between genders. No statistically
significant differences were observed between genders
regarding GPF distance. However, GPF-BBP distance on
the right side was statistically significant (p < 0.042)
between women and men (Table 3).

With respect to GPC dimensions, the length of the canal
was slightly greater in males, but this difference was only
statistically significant in the right GPC (GPC-R).
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Table 5 Effect of dental status

on GPF_SNP. GPF_BBP and Parameters Status dental Status dental F P
ANA dimensions GPF-SNP GPF-L Gl G2 6.776 0.002%
GPF-R Gl G2 10.437 <0.001*
GPF-BBP GPF-L Gl G3 6.405 0.002%*
G3 G2 6.405 0.036%*
GPF-R Gl G3 8.468 <0.001*
Gl G2 8.468 0.025%
G3 G2 8.468 0.026%*
ANA Gl G2 10.539 0.002%*

GPF-R right GPF, GPF-L left GPF, GI dentate group, G2 partially edentulous group, G3 total edentulous

group, SD standard deviation

* Statistically significant differences p < 0.05
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Fig. 5 Scatterplot of right and left GPF-ANS: vertical axis repre-
sents right GPF-ANS and horizontal axis represents left GPF-ANS

Regarding sagittal reference lines, S1, S2 and S3 presented
significantly higher values for men, except for the S3
(p < 0.062) in the left GPC (GPC-L). Statistically higher
values for men were also observed in all three coronal
reference lines, except for C1 (p < 0.067) in the GPC-L
(Table 4).

Statistically significant differences in both GPF-L and
GPF-R were found by dental status groups. The parameters
showing these differences were GPF-SNP distance, GPF—
BBPA distance and ANA. G1 presented significantly dif-
ferent GPF-SNP distances as compared to G2. GPF-BBP
distance in GPF-R was statistically different in all three
dental status groups and in GPC-L was statistically dif-
ferent in two dental status groups. ANA dimensions were
significantly different between groups Gl and G2
(p < 0.002) (Table 5).

Regarding degree of correlation GPF-BBP and GPF
distance presented R” values of 0.64 and 0.65, respectively.
The greatest degree of correlation between right and left
sides was observed in GPF-ANS, where R> =0.776
(Fig. 5).
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MLRM were performed to show the degree of rela-
tionship of the variables PNA, ANS-PNP, GPF-ANS,
GPF-SNP and Dap in the GPF-PNP distance. We found
significant values in right side (R* = 0.773; p < 0.001) and
left side (R* = 0.746; p < 0.001).

Intraobserver variability

With respect to levels of GPF position, the intraobserver
variability was a Kappa value ranging from 0.49 to 0.58.
And regarding the GPF and GPC measurements, the
intraobserver variability was an intraclass correlation
coefficient value ranging from 0.82 to 0.87.

Discussion

To the best of our knowledge, this is the first time an
analysis has been carried out of GPC which establishes
three reference lines in both the sagittal and coronal slices.
A thorough understanding of the dimensions and location
of GPC provides a more reliable view of the bone structure.

The GPC is located in an area of confluence of several
anatomical structures and has great clinical relevance.
Access and direct application of anesthesia to neurovas-
cular content which is present in the pterygopalatine fossa
achieves maxillary nerve block and allows for various
surgical procedures in the palatal region. In addition,
proper access to GPC is essential for diagnosis, manage-
ment and therapeutic treatments of orofacial pain syn-
dromes [19]. Three-dimensional understanding of GPF is
useful for limiting the likelihood of iatrogenic damage, but
this is made difficult by several factors.

The location of the GPF by touch is constrained by
existing palatal mucosa thickness, mainly in mucosal bio-
types of great consistency. The topographic study in rela-
tion to the dentition is limited primarily by the need to
provide dentate posterior sectors. The use of teeth as a
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landmark is unreliable due to positional changes that may
occur. Moreover, this parameter would not be useful in
cases of completely or partially edentulous patients. CBCT
provides three-dimensional images that can identify bony
landmarks, both for localization GPF with the highest
degree of accuracy.

The present study found an average GPF-PNP distance
similar to prior research [1, 4, 15, 17, 26]. In the study by
Saralaya and Nayak [25] on an Indian population, the
average GPF-PNP was 4.20 mm, which is similar to a
European study by Nimigean et al. [21] and a Brazilian
study by Urbano et al. [32]. However, using a sample of
105 skulls of Thai origin, Methathrathip et al. [19] obtained
an average distance of 2.10 mm. Westmoreland and
Blanton [35] obtained an even shorter average GPF-PNP
of 1.90 mm. Conversely, longer average distances were
found in a Korean study by Hwang et al. [11] and an Indian
study by Dave et al. [5]. Small differences between GPF-R
and GPF-L have been observed, although there is great
variability among populations of the same and different
ethnicity. In the present study, GPF-PNP distance was
measured with respect to the PNP, the rearmost portion of
the PNS, whereas other authors have analyzed the position
of GPF with respect to the greatest concavity of the palate
or to the side of the hard palate margin [31].

SNP is another easily identifiable clinical anatomical
point. The average GPF-SNP distance observed in the
present study differed slightly from various ethnic studies
[4, 5, 19, 21, 22, 26, 31, 32]. In a sample of 50 CBCTs,
Ikuta et al. [12] found a similar average distance to the
present study, as did another European study by Piagkou
et al. [23]. With respect to right and left side SNP differ-
ences, although we found little difference, the African
study by Osunwake et al. [22] found a 0.70 mm discrep-
ancy. Other authors with samples from Europe and Brazil
found a discrepancy of 0.50 mm [22, 30, 31]. Symmetric
growth of GPFs can be affected by sutural growth between
the maxilla and the palatine bone and an increase in the
length of the palate accompanied by tooth eruption [28,
31].

Another parameter that we have analyzed was GPF-
BBP distance. Alterations in the width of the alveolar ridge
may be due to physiological resorption with age, the use of
full or partial prosthesis, traumatic extractions or alter-
ations in bone metabolism [2, 13, 24, 33]. All these factors
predispose morphological variations experienced by the
alveolar crest, limiting the usefulness of BBP as a reference
in locating the GPF. In particular, we do not recommend
using BBP as a reference in edentulous patients, unlike
other authors [12, 31].

In dentate patients, the position of the GPF has been
determined with respect to multiple combinations of
maxillary molars, yielding differences between study

groups of the same ethnic origin and between populations
of different geographical origin. Some authors [31] con-
sider that the variability in the position of GPC is due to
study design. Numerous researches have located the GPF
opposite to the maxillary third molar in a high percentage
[1, 4, 5, 12, 19, 21, 23, 25, 26, 31]. Few studies [14, 34]
have observed GPFs with a position anterior to maxillary
second molar. We found one GPF on level O, but this
position is infrequent. Many patients do not exhibit the
maxillary second and third molar, so we have established a
classification that may be useful in patients who only
preserved the maxillary first molar.

In addition to the accurate position of GPF, it is
important to know the dimensions of the GPC in order to
apply anesthesia correctly. The average GPC length found
in the present study was similar to some authors [11];
however, other authors such as Douglas et al. [6], Howard
et al. [10] and Sheiki et al. [27] reported much greater
lengths due to differences in study design. For example,
Howard et al. [10] and Skeiki et al. [27] established the
upper end of the GPC at the pterygoid canal, while we used
the lower portion of pterygopalatine fossa.

Regarding the GPC reference lines in the sagittal and
coronal slices, we found that the coronal transverse diam-
eter was lower than the corresponding sagittal anterior—
posterior diameter. The existence of diametrical variations
in both sagittal and coronal slices could reflect intracanal
tortuosity, thus limiting the distribution of morphological
palatine neurovascular bundle.

Several authors have analyzed the Dap and Dt present
in the GPF in the axial slice. The Indian study by Sharma
and Garud [26] only assessed Dap with an average dis-
tance of 4.72 mm. Hwang et al. [11] used CT scans and
found a similar Dap of 4.5 mm and a Dt of 2.20 mm. In
the present study, using CBCT both diameters presented
higher values.

Conclusion

We conclude that the CBCT is a useful tool for evaluating
GPC morphometrically in the three anatomical slices. The
SNP and PNP are two intraoral anatomical landmarks for
the location of the GPF. Their scant variability allows
accurate identification of GPFs in both dentate as well as
edentulous patients.
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