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Abstract We have performed a detailed morphometric

analysis of the length and anatomic routes of the greater

palatine canal (GPC) and a systematic review of the liter-

ature on the anatomy of the GPC with the aim of informing

dentists, maxillofacial surgeons, otorhinolaryngologists

and other specialists performing procedures in the area of

the GPC. In total, we analysed 1,500 archived adult head

computed tomography scans to determine the length of the

GPC and of the routes on both sides, as well as the

dimensions and opening directions of the greater palatine

foramen. The systematic review of the literature was per-

formed according to PRISMA guidelines. The study group

comprised 783 females (52.2 %) and 717 males with a

mean (± standard deviation) age of 42.1 ± 16.9 years;

there was significant difference in age between sexes

(p = 0.33). The average length of the GPC was 31.1 ± 2.9

(range 15–44) mm. The GPC travelled three different paths

in the sagittal plane and four different paths in the coronal

plane. Most often it descended from the pterygopalatine

fossa inferiorly before changing to an anterior-inferior

direction (68.4 %; sagittal plane) and inferior-laterally

before changing to an inferior-medial direction (40.7 %;

(coronal plane). In total, the GPF had four different

opening directions: inferior-anterior-medial (82.1 %),

inferior-anterior-lateral (4.0 %), anterior (7.6 %), and ver-

tical (5.3 %). Twenty-five studies were included in the

systematic review. In conclusion, the information pre-

sented here provides clinicians with the anatomical

knowledge necessary to minimize the risk of complications

when performing procedures involving infiltration of the

GPC.
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Introduction

The greater palatine canal (GPC) communicates with the

oral cavity through the greater palatine foramen (GPF),

which is most commonly located opposite the third molar

(Tomaszewska et al. 2014a). The GPC continues in a

posterior-superior direction, terminating at the pteryg-

opalatine fossa (PPF) which is an inverse pyramid-shaped

space communicating with the middle cranial fossa via the

foramen rotundum, the nasal cavity via the sphenopalatine

foramen, the orbit via the inferior orbital fissure and the

oral cavity via the GPF (Erdogan et al. 2003). The walls of

the PPF are formed anteriorly by the infratemporal surface

of the maxilla, posteriorly by the pterygoid process of the

sphenoid and medially by the perpendicular plate of the

palatine bone. The GPC itself passes through the palatine

bone (Howard-Swirzinski et al. 2010). The GPC houses the

descending palatine artery and the greater and lesser pal-

atine nerves as well as their posterior inferior lateral nasal

branches, while the PPF contains the maxillary artery and

its branches, the accompanying vein, the maxillary nerve
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and its branches and the pterygopalatine ganglion (Hwang

et al. 2011).

The anatomy of these structures is of great impor-

tance to dentists, maxillofacial surgeons, otorhinolar-

yngologists and other specialists performing medical

procedures in the area of the GPC. Using the GPC

approach to the PPF clinicians are able to achieve a

maxillary division nerve block (for dental or maxillo-

facial procedures), haemostasis (for endoscopic sinus

surgery, septorhinoplasty or to control posterior epi-

staxis) and/or relief of sphenopalatine neuralgia (Das

et al. 2006; Douglas and Wormald 2006; McKinney

et al. 2010). The blocking of sensation of the maxillary

nerve in the PPF achieves anaesthesia of the maxillary

teeth, the maxillary palatal and gingival tissue, as well

as of the skin of the midface, nasal cavity and sinus

(Sharma and Garud 2013). However, due to the close

relationship of the anatomical structures inside the GPC

and the PPF, as well as the direct communication of the

PPF with the inferior orbital fissure, infiltration of the

PPF through the GPC may result in complications.

These include intravascular or intracranial injection,

infraorbital nerve injury, transient ophthalmoplegia,

diplopia, ptosis, neural tissue damage, intracranial

infection and/or even blindness from vasoconstriction

of the ophthalmic artery (Das et al. 2006; Douglas and

Wormald 2006).

To successfully produce a maxillary nerve block and to

minimize the risk of complications, clinicians require a

thorough knowledge of GPC anatomy. The anatomy of the

GPC has been investigated from the middle of the 20th

century onwards (Viegas and Hemphill 1961; Das et al.

2006), but it was only after the introduction of computed

tomography (CT) that detailed analyses became possible

(Das et al. 2006; Douglas and Wormald, 2006; Howard-

Swirzinski et al. 2010; McKinney et al. 2010; Hwang et al.

2011; Sheikhi et al. 2013). However, even though several

CT studies evaluating GPC anatomy have been carried out

to date, a unified range of values of GPC is still lacking in

the literature. Additionally, the authors of all of the

abovementioned studies base their conclusion on study

groups of small or moderate size, which prevents the

drawing of definitive conclusions on the optimal injection

depth when using the GPC.

We therefore undertook the present study to obtain

morphometric details on both the length and anatomic

routes of the GPC in a large sample of head CT scans.

We also performed a systematic review of the literature

on GPC anatomy to improve the anatomical knowledge

of clinicians in a unified manner. This latter aim was

achieved by extracting relevant measurements from each

study in the review and comparing these in the form of a

table.

Materials and methods

Study material

Preliminary screening was conducted on 6,471 archived

adult Caucasian head CT scans (Department of Radiology,

Jagiellonian University Medical College and Department

of Radiology, J. Dietl’s Specialistic Hospital, Krakow,

Poland), of which 1,500 (23.2 %) CT scans met the study

inclusion criteria and formed the basis for conducting

measurements.

The CT images were acquired using a Somatom Sen-

sation 16 scanner (Siemens Healthcare, Erlangen, Ger-

many) and an Aquilion 64 scanner (Toshiba Medical

Systems, Tokyo, Japan). The following study parameters

were applied:exposure 120 kV, 74 mA, 60 mAs; rotation

time 0.5 s; slice thickness 0.5 mm. Patient’s sex and age

data were acquired from patient files.

Study inclusion criteria were full eruption of third

molars on both sides of the maxilla, presence of all max-

illary teeth, patient age of[21 years and absence of any

pathological (including developmental and traumatic)

changes in the region of the maxilla.

Measurements

The measurements (CT scans) were performed using the

eFilm Workstation 3.4 (Merge Healthcare, Chicago, IL).

Maximum intensity projections, multi-planar reconstruc-

tions and volume rendering reconstructions were examined

in three planes—coronal, sagittal and transverse. All

measurements were recorded to the nearest 0.01 mm and,

after statistical analysis, were rounded off to the nearest

0.1 mm for data presentation. All bilateral measurements

were performed symmetrically. Each measurement was

taken twice by the same observer; in the case of any dis-

crepancies, the mean of the two values was recorded.

Following measurements of all scans, randomly chosen

samples (20 % of original number) were re-measured by an

observer who did not partake in the first assessment of the

scans. Inter-class correlations (ICC) were calculated, and

the level of agreement between the assessments was very

high (ICC = 0.93–0.96).

The centre of the GPF was established while measuring

its anterior-posterior (AP) and lateral-medial (LM)

dimensions, as described by Tomaszewska et al. (2014a).

The centre of the GPF was set at the point of the inter-

section of two straight lines representing the longest AP

and LM GPF dimensions. If necessary, this intersection

was corrected visually using the GPF form factor. The form

factor was obtained by dividing the AP GPF dimension by

the LM dimension. If the GPF was circular in shape, the

obtained value was equal to 1; values of[1 indicated that
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the GPF was elongated in the AP dimension, and values

of\1 indicated that the foramen was elongated in the LM

dimension (Jaffar and Hamadah 2003).

The following assessments were performed:

1. GPC length on both the right (R) and left (L) sides. The

length of the GPC was measured according to the

methodology of Howard-Swirzinski et al. (2010) in both

the sagittal and coronal planes (Fig. 1). The measure-

ments from both planes were then averaged to obtain

the final GPC length.The superior aspect of the GPC

was set at the centre of the pterygoid canal (the centre

point of the PPF). The inferior aspect of the GPC was

marked at the inferior surface of the hard palate. In the

sagittal plane, the GPC was measured from the centre

point of the PPF (superior aspect) to the posterior wall

of the GPF (inferior aspect). In the coronal plane the

GPC was measured from the centre point of the PPF

(superior aspect) to the inferior surface of the horizontal

hard palate for standardization due to variance in the

shape of the foramen (inferior aspect). The GPC was

measured in millimeters using the straightest linear path

passing through the centre of the canal.

2. GPC route in sagittal and coronal planes (qualitative

assessment combined with quantitative analysis of

angles relating to GPC directional changes). Angles

given in the Results section represent the deviation from

a theoretical line vertical to the long axis of the body.

3. Evaluation of the opening direction of the GPF

(qualitative assessment combining GPC direction near

its GPF end, bone level between the alveolar ridge and

the palatine bones in the coronal plane and GPF

opening direction in the sagittal plane).

4. Evaluation widest AP and LM dimensions of the GPF.

Literature search

In the literature search we strictly adhered to the Preferred

Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) guidelines (http://www.prisma-state

ment.org/2.1.2%20-%20PRISMA%202009%20Checklist.

pdf). The search process is shown as a flowchart in Fig. 2.

Two independent reviewers searched the PubMed, Scopus

and Web of Science databases for appropriate studies

published up to 1 July 2014 (no lower date limit) using the

search keywords ‘‘greater’’, ‘‘palatine’’, ‘‘canal’’, ‘‘pteryg-

opalatine’’ and ‘‘foramen’’ in different combinations, as per

Boolean logic rules. Review of full-text articles was lim-

ited to those published in English. References of identified

articles were searched manually. Study inclusion criteria

were (1) studies conducted on human skulls/head CT scans;

(2) participants aged C21 years; (3) full-text original arti-

cles only (excluding conference abstracts and review

papers); (4) C2 relevant measurements. Inclusion or

exclusion of studies was performed hierarchically based on

the title of the report first, followed by the abstract and

finally by the full text.

Data extraction and quality assessment was performed

independently by two reviewers. The following data were

extracted from the relevant studies: citation details, sample

size, sample characteristics and relevant measurements

performed.

Comparison of relevant measurements

The measurements extracted from each study included in

the literature search and those obtained in the present study

were compared, including GPF opening direction, GPF

dimensions and mean GFP length.

Statistical analysis

Statistical analysis was conducted using STATISTICA 10

PL (StatSoft Inc., Tulsa, OK). Elements of descriptive

statistics were used [mean, standard deviation (SD), per-

centage distribution]. Side-related differences were evalu-

ated using the Student’s t test. The ICC was used to

evaluate the level of agreement between measurement and

Fig. 1 Greater palatine canal

(GPC) length measurements in

both the sagittal (a) and coronal

(b) planes. The red line depicts

the route by which the GPC was

measured (color figure online)
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re-measurement of the same sample. A p value of\0.05

was considered statistically significant.

Ethics

This study has been approved by the Jagiellonian Univer-

sity Medical College Bioethics Committee (registry no

KBET/161/B/2013) and was performed in accordance with

the ethical standards laid down in the 1964 Declaration of

Helsinki and its subsequent amendments.

Results

The study group comprised 1,500 patients (783 female;

52.2 %) for whom head CT scans were available for ana-

lysis, yielding a total of 3000 GPC for further evaluation.

The mean age of the group was 42.1 ± 16.9 years, and

there was no age difference between sexes (p = 0.33). The

average length of the GPC was 31.1 ± 2.9 (range 15–44)

mm. The results of the main measurements are summarized

in Table 1.

In total, the GPF had four different opening directions,

namely, inferior-anterior-medial (82.1 %), inferior-ante-

rior-lateral (4.0 %), anterior (7.6 %) and vertical (5.3 %).

Detail on the opening direction analysis of the GPF is

presented in Table 2.

The GPC travelled three different paths in the sagittal

plane and four different paths in the coronal plane.

Sagittal plane

• The GPC travels in an anterior-inferior direction from

the PPF (30.4 %) (Fig. 3a).

• The GPC first travels in an inferior direction and then in

an anterior-inferior direction through the remainder of

the canal (68.4 %) (Fig. 3b).

• Other (1.2 %).

Coronal plane

• The GPC travels in a directly inferior direction from the

PPF (17.6 %) (Fig. 4a).

• The GPC travels in an inferior-lateral direction from the

PPF and then directly inferior (39.9 %) (Fig. 4b).

• The GPC travels in an inferior-lateral direction from the

PPF and then changes to an inferior-medial direction

for the remainder of the canal (40.7 %) (Fig. 4c).

• Other (1.8 %).

The incidences of the different GPC paths are summa-

rized in Table 3, and the average angles and directional

distances are summarized in Table 4. There was a statis-

tically significant difference in GPC length between

patients with GPC of an directly inferior pathway type

(coronal plane) and those with GPC of an ‘‘alternating’’

(any other than directly inferior) pathway type (30.8 ± 3.2

vs. 31.2 ± 2.8, respectively; p = 0.04).

The flowchart depicted in Fig. 2 presents the results of

the literature search. Of the studies identified during the

initial literature search (n = 651) only 25 studies were

included in the final systematic review (24 studies identi-

fied from the literature search and the present study).

Table 5 compares data on GPF and GPC measurements

from these 25 studies.

Discussion

The GPC approach can be used to achieve a maxillary

nerve block and to minimize bleeding during endoscopic

sinus surgery or septorhinoplasty. However, avoidance of

the potential complications that can arise during this pro-

cedure require a thorough knowledge of the anatomy of the

Fig. 2 Flowchart depicting

literature search and study

selection

290 I. M. Tomaszewska et al.

123



surrounding structures. Our study has shown that in a

eastern European population the GPC has an average

length of 31.1 ± 2.9 mm, with a range of 15 to 44 mm.

The GPC most often descends from the PPF inferiorly, then

changing to an anterior-inferior direction (sagittal plane),

and inferior-laterally, then changing to an inferior-medial

direction (coronal plane). The GPF most often opens in an

inferior-anterior-medial direction.

Recent technological developments will surely increase

the importance of an adequate knowledge of GPC anatomy.

For example, Piagkou et al. (2012) reported that the

pterygopalatine ganglion can be stimulated through the

GPF and GPC to reduce the effect of stroke in stroke

patients. Other researchers have highlighted the role of the

pterygopalatine ganglion in cerebrovascular autonomic

physiology, in the pathophysiology of cluster and migraine

headaches and in conditions of cerebral vasospasm (Olu-

igbo et al. 2011).

The suggested recommended length of insertion of the

anaesthetic needle into the GPC ranges between 25 mm

(haemostasis) to 39 mm (maxillary nerve anaesthesia)

(Wong and Sved 1991; Das et al. 2006; Douglas and

Wormald 2006). Table 5, which presents the results of our

systematic review of literature, allows for easy comparison

between studies in terms of GPC length and GPF opening

direction. The results of most of the studies included in the

review fall into the range of data reported in the present

study. However, there are a number of outliers, such as the

studies by McKinney et al. (2010) (mean GPC length

Table 1 Results of main

measurementsa

SD standard deviation, GPC

greater palatine canal, GPF

greater palatine foramen, AP

anterior-posterior, LM lateral-

medial
a Results of main

measurements are presented as

the mean, with the standard

deviation (SD) in parenthesis

Measurement Right

side

Left side p value right vs.

left

Total p value male vs.

female

GPC length (male)

(n = 717)

32.6 (2.8) 32.4 (2.8) 0.18 32.5 (2.8) \0.0001

GPC length (female)

(n = 783)

29.6 (2.5) 29.9 (2.7) 0.02 29.9 (2.6)

GPF AP dimension (male) 5.1 (0.5) 5.1 (0.4) 1.00 5.1 (0.4) \0.0001

GPF AP dimension

(female)

5.0 (0.4) 5.0 (0.4) 1.00 5.0 (0.4)

GPF LM dimension (male) 3.0 (0.7) 2.9 (0.5) 0.002 2.9 (0.6) 0.007

GPF LM dimension

(female)

2.8 (0.8) 2.8 (0.8) 1.00 2.8 (0.8)

Table 2 Incidence of the opening directions of the greater palatine

foramen

Opening

direction

GPC (right

side) (%)

GPC (left

side) (%)

Bilaterally

symmetrical

(%)

Overall

incidence

(%)

Inferior-

anterior-

medial

81.3 77.1 79.2 82.1

Inferior-

anterior-

lateral

82.7 83.3 83.0 4.0

Anterior 68.1 61.3 64.7 7.6

Vertical 74.3 77.5 75.9 5.3

Overall number of GPC for analysis = 3,000 (right side = 1,500; left

side = 1,500)

Fig. 3 Types of pathways of

the GPC observed in the sagittal

plane. a GPC travels in an

anterior-inferior direction from

the pterygopalatine fossa (PPF),

b GPC first travels in an inferior

direction, then in an anterior-

inferior direction through the

remainder of the canal. The red

line depicts the pathway of the

GPC (color figure online)

GPC CT-based morphometric analysis 291
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40.4 mm), Douglas and Wormald (2006) (mean GPC

length 40.1 mm) and Hwang et al. (2011) (mean GPC

length 34.8 mm). In the case of the first two studies, the

most probable reason for the GPC length discrepancy is the

small size of the study cohort, which did not exceed ten and

21 subjects, respectively. Regarding the study by Hwang

et al. (2011), the deviation from the overall GPC length

trend is smaller than that of the other two studies and may

be attributed to the ethnicity of the sample studied.

The anterior-posterior and lateral-medial dimensions of

the GPF proved to be similar among the studies included in

the review, even between those with different subject

ethnicity. However, it proved to be difficult to compare the

opening direction of the GPF among the studies—not only

due to the different estimation methods used by the authors

but also because some measurements were based on dry

skulls as well as head CT scans. Wang et al. (1988) sug-

gested that these differences might originate from racial

variations between the examined subjects, but we suggest

Fig. 4 Types of pathways of the GPC observed in the coronal plane.

a GPC travels directly in a inferior direction from the PPF, b GPC

travels in an inferior-lateral direction from the PPF, then directly inferior,

c GPC travels in an inferior-lateral direction from the PPF, then changes

to an inferior-medial direction for the remainder of the canal. The red

line depicts the pathway of the GPC (color figure online)

Table 3 Incidence of greater palatine canal pathways in both the

sagittal and coronal planes

Pathway type GPC

(right

side)

(%)

GPC

(left

side)

(%)

Bilaterally

symmetrical

(%)

Overall

incidence

(%)

Sagittal plane

Anterior-

inferior

(Fig. 3a)

30.1 30.7 73.0 30.4

Inferior[
anterior-

inferior

(Fig. 3b)

69.5 67.2 81.8 68.4

Other 0.9 1.6 0 1.2

Coronal plane

Inferior (Fig. 4a) 18.7 16.4 7.3 17.6

Inferior-lateral[
inferior

(Fig. 4b)

38.9 40.9 17.3 39.9

Inferior-lateral[
inferior-medial

(Fig. 4c)

40.1 41.3 29.0 40.7

Other 2.3 1.4 0.1 1.8

Overall number of GPC for analysis = 3,000 (right side = 1,500; left

side = 1,500)

Table 4 Average angles and directional distances of observed

greater palatine canal pathway pathways

Pathway type Directional

distance

GPC

(right

side)

GPC (left

side)

Sagittal plane

Anterior-inferior

(Fig. 3a)

Anterior-inferior

angle (�)
28.4 (3.5) 28.2 (3.5)

Inferior-[anterior-

inferior (Fig. 3b)

Directly inferior

distance (mm)

9.4 (3.2) 8.7 (4.1)

Anterior-inferior

angle (�)
31.1 (4.3) 31.0 (4.5)

Coronal plane

Inferior-lateral-

[inferior (Fig. 4b)

Inferior-lateral

angle (�)
28.5 (5.0) 28.2 (5.0)

Inferior-lateral

distance (mm)

6.9 (1.7) 7.1 (2.0)

Inferior-lateral-

[inferior-medial

(Fig. 4c)

Inferior-lateral

angle (�)
26.3 (1.8) 27.2 (2.5)

Inferior-lateral

distance (mm)

9.9 (4.0) 10.6 (3.6)

Inferior-medial

angle (�)
13.1 (4.7) 13.1 (4.2)

The straight inferior pathway viewed in the coronal plane is not

included because those canals followed a direct vertical path

Data are presented as the average, with the SD in parenthesis

292 I. M. Tomaszewska et al.

123



T
a

b
le

5
C
o
m
p
ar
is
o
n
o
f
se
le
ct
ed

p
ar
am

et
er
s
fr
o
m

th
e
2
5
st
u
d
ie
sa

in
cl
u
d
ed

in
th
e
sy
st
em

at
ic

re
v
ie
w

S
tu
d
y

P
o
p
u
la
ti
o
n

(n
u
m
b
er

o
f
sa
m
p
le
s)

T
y
p
e
o
f
in
v
es
ti
g
at
io
n

an
d
sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

G
P
F
o
p
en
in
g
d
ir
ec
ti
o
n
(%

)
G
P
F
d
im

en
si
o
n
s
(m

m
)

M
ea
n

G
P
C

le
n
g
th

(m
m
)

I-
A
-M

I-
A
-L

A
n
te
ri
o
r

V
er
ti
ca
l

A
P

L
M

T
o
m
as
ze
w
sk
a
et

al
.
(2
0
1
4
)

(t
h
is
st
u
d
y
)

P
o
li
sh

(n
=

1
5
0
0
)

S
in
u
s
C
T
sc
an
s;
m
ea
n
ag
e

4
2
.1

±
1
6
.9
;
to
ta
l:
7
1
7
M
,
7
8
3

F

8
2
.1

4
.0

7
.6

5
.3

5
.0

(0
.4
)

2
.9

(0
.7
)

3
1
.1

(2
.9
)b
;

ra
n
g
e

1
5
–
4
4

N
im

ig
ea
n
et

al
.
(2
0
1
3
)

R
o
m
an
ia
n

(n
=

1
0
0
)

D
ry

h
u
m
an

sk
u
ll
s;
ag
e
ra
n
g
e

2
5
–
4
0
;
se
x
ed

8
2
.0

–
1
3
.0

5
.0

4
.9

(0
.9
)

3
.0

(0
.9
)

–

P
ia
g
k
o
u
et

al
.
(2
0
1
2
)

G
re
ek

(n
=

7
1
)

D
ry

h
u
m
an

sk
u
ll
s;
ad
u
lt
;
u
n
se
x
ed

–
–

–
–

5
.3

(0
.9
)

2
.7

(0
.5
)

–

H
o
w
ar
d
-S
w
ir
zi
n
sk
i
et

al
.
(

2
0
1
0
)

A
m
er
ic
an

(n
=

5
0
0
)

C
B
C
T
sc
an
s;
ag
e
ra
n
g
e
1
8
–
7
3
;

to
ta
l:
2
3
5
M
,
2
6
5
F

–
–

–
–

–
–

2
9
.0

(3
.0
)b
;

ra
n
g
e

2
2
–
4
0

M
cK

in
n
ey

et
al
.
(2
0
1
0
)

A
m
er
ic
an

(n
=

1
0
)

M
ax
il
lo
fa
ci
al

C
T
sc
an
s;

ag
e

ra
n
g
e
1
8
–
6
4
;
u
n
se
x
ed

–
–

–
–

–
–

4
0
.4

(1
.9
)b

D
as

et
al
.
(2
0
0
6
)

A
m
er
ic
an

(n
=

1
0
0
)

S
in
u
s
H
R
C
T
sc
an
s;

ad
u
lt
;
to
ta
l:

5
0
M
,
5
0
F

–
–

–
–

–
–

S
P
F
-G

P
F

d
is
ta
n
ce
:

M
:
2
8
±

2

ra
n
g
e

2
7
–
2
9
;
F
:

2
7
±

2

ra
n
g
e

2
5
–
2
9

O
su
n
w
o
k
e
et

al
.
(2
0
1
1
)

N
ig
er
ia
n
(n

=
1
5
0
)

D
ry

h
u
m
an

sk
u
ll
s;
ad
u
lt
;
se
x
ed

(1
0
0
%

M
)

–
–

–
–

–
1
5
.0

(2
.1
)

–

A
jm

an
i
(1
9
9
4
)

N
ig
er
ia
n
(n

=
6
5
)

D
ry

h
u
m
an

sk
u
ll
s;
ad
u
lt
,
u
n
se
x
ed

5
8
.7

3
8
.7

–
–

–
–

–

H
as
sa
n
al
i
an
d
M
w
an
ik
i

(1
9
8
4
)

K
en
y
an

(n
=

1
2
5
)

D
ry

h
u
m
an

sk
u
ll
s;
ad
u
lt
;
to
ta
l:

6
0
M
,
2
2
F
,
4
3
u
n
se
x
ed

7
4
.0

–
–

2
6

–
–

–

L
an
g
en
eg
g
er

et
al
.
(1
9
8
3
)

S
o
u
th

A
fr
ic
an

(n
=

1
0
0
)

D
ry

h
u
m
an

sk
u
ll
s;
m
ea
n
ag
e

4
2
.7
;
to
ta
l:
5
0
M
,
5
0
F

–
–

–
–

–
2
.5

(0
.5
)

–

H
w
an
g
et

al
.
(2
0
1
1
)

K
o
re
an

(n
=

5
0
)

H
ea
d
H
R
C
T
sc
an
s;
m
ea
n
ag
e

5
1
.0
;
to
ta
l:
2
2
M
,
2
8
F

–
–

–
–

4
.5

(0
.7
)

2
.2

(0
.4
)

3
4
.8

(2
.7
)b
;

ra
n
g
e

2
2
.6
–
4
8
.5

K
lo
se
k
an
d
R
u
n
g
ru
an
g

(2
0
0
9
)

T
h
ai

(n
=

4
1
)

H
u
m
an

ca
d
av
er
s;
m
ea
n
ag
e
7
1
.2
;

to
ta
l:
2
4
M
,
1
7
F

–
–

–
–

F
:
5
.1

(1
.0
)
M
:
4
.9

(8
.3
)

F
:
2
.8

(1
.0
)
M
:
2
.6

(8
.3
)

–
3
.2
5
a
(0
.5
)

GPC CT-based morphometric analysis 293

123



T
a

b
le

5
co
n
ti
n
u
ed

S
tu
d
y

P
o
p
u
la
ti
o
n

(n
u
m
b
er

o
f
sa
m
p
le
s)

T
y
p
e
o
f
in
v
es
ti
g
at
io
n

an
d
sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

G
P
F
o
p
en
in
g
d
ir
ec
ti
o
n
(%

)
G
P
F
d
im

en
si
o
n
s
(m

m
)

M
ea
n
G
P
C

le
n
g
th

(m
m
)

I-
A
-M

I-
A
-L

A
n
te
ri
o
r

V
er
ti
ca
l

A
P

L
M

M
et
h
at
h
ra
th
ip

et
al
.
(2
0
0
5
)

T
h
ai

(n
=

1
6
0
)

D
ry

h
u
m
an

sk
u
ll
s
(n

=
1
0
5
)
–

m
ea
n
ag
e
4
8
.1
;
to
ta
l:
6
8
M
,

3
7
F
;
h
u
m
an

ca
d
av
er
s
(n

=
5
5
)

–
–

–
9
7
.6

4
.9

(0
.9
)

2
.7

(0
.5
)

M
:
3
0
.0

(4
.3
)
ra
n
g
e

1
6
.3
–
4
0
.9
;

F
:
2
7
±

2

ra
n
g
e

2
5
–
2
9

2
9
.7

(4
.2
)b
;

ra
n
g
e

1
6
.3
–
4
0
.9

W
an
g
et

al
.
(1
9
8
8
)

C
h
in
es
e
(T
ai
w
an
)

(n
=

1
0
0
)

D
ry

h
u
m
an

sk
u
ll
s;
ad
u
lt
;
se
x
ed

–
–

9
0
.0

1
0
.0

–

Ik
u
ta

et
al
.
(2
0
1
3
)

B
ra
zi
li
an

(n
=

5
0
)

C
B
C
T
sc
an
s;
m
ea
n
ag
e
3
5
.8
;

to
ta
l:
2
7
M
,
2
3
F

–
–

–
–

3
.1
a
(0
.5
)

–

C
h
rc
an
o
v
ic

an
d
C
u
st
ó
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that the discrepancies are purely the result of employing

different estimation techniques. We specifically use the

term ‘‘estimation’’ as the only sure way to determine the

opening direction of the GPF is by basing the measurement

on coronal and sagittal head CT scans. Manual assessment

of dry skulls only approximates GPF opening direction.

Though vertical openings were a rare finding in our group,

their presence may explain the occasional clinical difficulty

encountered when attempting to insert the needle point into

the GPC. Additionally, according to Slavkin et al. (1966),

the frequency of anatomical obstruction of the needle in the

GPC increases with age.

Several methods of infiltrating the PPF have been

described, but the most widely accepted GPF injection

technique is that proposed by Stankiewicz (1988). Authors

describing PPF infiltration for anaesthetic purposes rec-

ommend bending the needle at the hub to a 30� angle and

then advancing it by about 38 mm (Mercuri 1979). This

allows for deposition of the anaesthetic close to the infra-

orbital nerve, thus producing reliable anaesthesia (Douglas

and Wormald 2006). However, with this injection tech-

nique the needle tip is located close to the maxillary artery,

increasing the risk of intravascular injection. Stankiewicz

(1988) recommends bending the needle at the hub to an

angle of 45� and injecting it to a depth of 25–28 mm. Das

et al. (2006) recommended bending the needle to a 60�
angle and inserting it 25 mm into the GPC. Douglas and

Wormald modified the injection technique by pre-bending

the needle not only to a specified angle (45�) but also at a

specific length (25 mm) and then inserting the needle to the

bend. Infiltrating the GPC to a depth of about 25 mm is

most probably too shallow for adequate anaesthesia, but is

sufficiently deep to obtain adequate haemostasis for

endoscopic sinus surgery (Douglas and Wormald 2006).

One has to acknowledge that both an adequate knowl-

edge of GPC anatomy and the correct use of the chosen

injection technique are crucial if complications are to be

avoided. Although GPC injection is regarded as a rather

safe procedure (Das et al. 2006), some authors have

reported complication rates as high as 36 % (Wong and

Sved 1991) for diplopia (secondary from diffusion of

anaesthetic solution through the inferior orbital fissure) and

12 % for strabismus, as well as a 10 % rate of ptosis

(secondary to anaesthesia of the oculomotor nerve). How-

ever, all of these complications were reported to be tran-

sient, and the clinician has therefore to weigh the risk of

potential complications against the much greater compli-

cation risk of performing endoscopic sinus surgery with

poor visualization because of bleeding (Das et al. 2006).

This study has also confirmed that the GPC, just like

almost every other part of the human skull, is subject to

sexual dimorphism. Sexual dimorphism of the greater

palatine canal has been previously reported by SheikhiT
a
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et al. (2013), and we agree that the craniofacial complex is

highly variable in both size and shape by sex and that the

zygomatic curve and skull size are generally larger in

males than in females (Bigoni et al. 2010). In a previous

study (Tomaszewska et al. 2014b) we found that the length

of the GPC, among other variables, can be successfully

used to distinguish between sexes, with an overall accuracy

of[78 %. In the present study we found a number of rather

discrete side-related differences in both males (GPF lateral-

medial dimension) and females (GPC length). These dif-

ferences were expected as asymmetry is common in cra-

niofacial bones. Inconsistencies in the growth of the right

and left GPC could be due to genetic and/or environmental

factors. Asymmetric expression of craniofacial features is

also related to the functional activity of the musculoskeletal

system—in this case, specifically the masticatory apparatus

(Rossi et al. 2003). Side-related cranial discrepancies are

also subject to demographic changes resulting from human

migration, which has increased in the last two centuries in

particular (most seen in North America and Central Eur-

ope) (Jonke et al. 2007). Such demographic shifts could

also account for the changes seen in this study as the

population examined is that of typical Central European

Caucasians. Another potential explanation for the discov-

ered side-related differences includes the manner in which

the palate develops, as this process is dependent on the

function of several ossification centres (Slavkin et al.

1966).

Previous to the present study, only two studies (Howard-

Swirzinski et al. 2010; Sheikhi et al. 2013) analysed in

detail GPC pathway types in both the sagittal and coronal

planes. We agree with the authors of these two studies

regarding the types of GPC pathways, but we found major

differences in terms of incidence. In our study, the most

common GPC path in the sagittal plane was the same as

that reported by Sheikhi et al. (2013), but it differed from

that reported by Howard-Swirzinski et al. (2010), who

found that the most common GPC pathway type observed

in our study was overall second, but at an incidence of only

6.5 %. As the present study is the largest performed to date,

and the obtained results dispute those from the second

largest study (n = 500 subjects; Howard-Swirzinski et al.

2010), we suggest that there is a definite need to perform

further large retrospective CT-based studies that would

analyse GPC pathway types and their incidence in different

populations. In the coronal plane the results of all three

studies can be considered similar. In terms of the angles by

which the GPC deviates from a vertical line, in both the

sagittal and coronal planes, and the length of specific GPF

parts (Table 4), our results are similar to the ones obtained

by Howard-Swirzinski et al. (2010). This similarity pre-

vents us from justifying the differences in GPC pathway

type observed in the sagittal plane using the palate

ossification centre theory (Slavkin et al. 1966) and most

probably points to the fact that these differences can be

attributed to relatively small sample sizes of the analysed

groups (when related to the general population) and

selectivity bias.

The strong points of the present study include a large

sample size (largest to date) and the inclusion of a systematic

review (according to PRISMA guidelines) in terms of GPC

length, GPFdimensions and opening direction.However, the

systematic review is also the source of the largest limitation

of the study—namely that the number of studies assessing

the length of the GPC is very limited. We also have to

mention that the retrospective nature of this study prohibited

us from gathering additional morphometric data on the

subjects enrolled in the study (e.g. stature).

In conclusion, a thorough understanding of GPC length

and pathway types is needed to properly administer

anaesthesia prior to maxillofacial procedures. Through a

systematic review of literature and an extensive analysis of

CT scans, we report data on GPC length and pathway types

in a large Eastern European sample with reference to

studies on different populations. The information presented

here provides clinicians with the anatomical knowledge

necessary to minimize the risk of complications when

performing procedures involving infiltration of the GPC.
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