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The relative position of the greater
palatine foramen in dry Indian skulls
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ABSTRACT
Introduction:
position of the greater palatine foramen
(GPF) precise injection of
anaesthetics, for optimal pain control in
maxillofacial and dental surgeries.

We evaluated the relative

for local

Methods: The study was conducted in 132
adult dried unsexed skulls of the west
India. All the
with fully
erupted third molars and free from any
pathological changes.

coast region of Southern
skulls studied were normal

Results: The statistical analysis indicated
there was no significant difference in the
measurement between the right and left
sides with regard to the distance of GPF to
the midline, GPF to the incisive fossa, GPF
to the posterior border of the hard palate.
The angle made by the line joining the GPF
to the incisive foramen with the palatal
midline (GIM angle) on two sides showed
statistical signhificance. The mean angle on
the left side was 21.2 +/- 4.2 degrees and
20.1 +/- 4.2 degrees on the right side. In
74.6 percent of skulls, the GPF was located
opposite the third maxillary molars, whereas
24.2 percent showed the GPF between the
second and third molars. In 0.4 percent of
skulls, the GPF was opposite to the second
molar and in 0.8 percent of skulls, the GPF
was situated beyond the third molar. 46.2
percent of the GPF was directed forward
and medially, whereas 41.3 percent was
directed forward, 12.5 percent as
directed forward and laterally.

and

Conclusion: The perpendicular distance of
the GPF in Indian skulls was about 15 mm,
the distance of GPF to incisive fossa was
approximately 37 mm, and the GIM angle
was 21 degrees.

Keywords: greater palatine foramen, hard
palate, incisive foramen, skull anatomy

Singapore Med ] 2007; 48(12):1143—1146

! ! ul g

Fig. 1 Ventral photograph of the hard palate.
I: incisor teeth; IF: incisive foramen; GPF: greater palatine
foramen; LPF: lesser palatine foramen; * Angle formed by the
GPF with the midline; P: palatal vault; a: mid-saggital line; b: line
joining right and left GPF; c: distance between GPF and posterior
border of hard palate; pn: posterior nasal aperture; 2m:second
molar; 3m: third molar.

INTRODUCTION

The aim of the present study was to determine the
relative distance, direction and angle made by the
greater palatine foramen (GPF) with the palatal midline.
Though the GPF is of great clinical significance, the
published descriptions of the position of this foramen
in the adult human skulls have not been consistent.
Most of the textbooks locate the foramen in a general
way, e.g. near the lateral palatal border,® in the
posterolateral border,® medial to last molar® or
opposite to the last molar® The position of the GPF
in relation to the maxillary molars is stated to be
opposite the second molar,® opposite to the third molar
or anywhere between the second and third molars.©
The first description of the location of GPF was
reported by Matsuda.”” The GPF was found to lie
15 mm from the palatal midline and 1.9 mm anterior
to the posterior border of the hard palate in East
Indians.® In Negroid skulls, the location of the foramen
was 10-16 mm anteromedial to the pterygoid hamulus
and was usually distal to the third maxillary molar on
its midpalatal aspect.® In a study on Kenyan skulls,
76% of cases showed the location of GPF opposite
the third maxillary molar.® In Chinese skulls, the
GPF was commonly located between the second and

third maxillary molars.’? The foramen was located at a
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Table I. The distance of the GPF from the midline, the incisive fossa, posterior border of the hard palate,
angle formed by the GPF with the midline and the number of lesser palatine foramina.

Right & left sides Right Left Total
n=132 Mean + SD Mean + SD Mean +SD
GPF to midline (mm) 14.7 0.155 14.7 0.146 14.7 0.261
p=0.795 ns
GPF to incisive fossa (mm) 372 0.292 374 0.301 37.3 0.731
p = 0.466 ns
GPF to posterior border of hard palate (mm) 4.2 0.139 4.2 0.133 4.2 0.151
p=088ns
Angle between GPF and midline (°) 21.1 4.2 21.2 4.2 21.1 2.0
p = 0.039 sig
Lesser palatine foramina 1.8 0.802 1.9 0.887 1.8 0.655
p=0513ns
SD: standard deviation; ns: not significant; sig: significant.
Table 1l. The relation of GPF to the maxillary molars.
Relation to maxillary molars Right side Left side Total
n (%) n (%) n (%)
Second molar 1 (0.8) 0 | (0.4)
Between second and third molars 33 (25) 31 (23.5) 64 (24.2)
Third molar 97 (73.5) 100 (75.8) 197 (74.6)
Behind third molar | (0.8) | (0.8) 2(0.8)
Total 132 (100) 132 (100) 264 (100)

¥x*=1.108; p=0.775,ns

distance of 4.11 mm from the posterior border of the
hard palate and 16 mm from the mid-saggital plane.!?
The location of the GPF from the posterior border
of the hard palate in Indian skulls was 3.7 mm, and in
Nigerian skulls 3.5 mm, and this is fairly consistent.
The foramen was commonly located medial to the third

maxillary molar.

METHODS

The study was conducted in 132 adult, dried, unsexed

Indian skulls from the west coastal area of southern India.

All the skulls studied were normal and free of any

pathological changes, with fully erupted third molars.

Unambiguous and well-defined points were taken and

the following observations were made (Fig. 1). All the

distances were measured with vemier calipers to the nearest

millimetre. Each skull was examined for the following:

(1)  Shortest perpendicular distance of the GPF to
the midline (Fig. 1, line b).

(i)  Distance of the GPF from the incisive fossa.

(u1) Distance of the GPF from the posterior border
of hard palate (Fig 1, line c).

(iv) Relation of the GPF to the maxillary molars.

(v) Direction of the opening of the GPF into the

oral cavity.

(vi) The angle made by the line joining the GPF to the
incisive foramen with the palatal midline (GIM
angle). The three points taken to calculate the
angle are: (1) the incisive foramen; (2) the angle
made by the palatal midline (mid-saggital line
passing through the incisive foramen) and the
line joining the GPF to the incisive foramen; and
(3) the GPE.

(vil) Shape of the palatal vault.

(viii) Number of lesser palatine foramina (LLPF).

The findings were tabulated and statistically analysed
using Student’s #-test. Side differences were analysed

by using the chi-square test.

RESULTS
The

significant difference in the measurement between

statistical analysis indicated there was no
the right and left side with regard to the distance of
GPF to the midline, GPF to the incisive fosse, and
GPF to the posterior border of hard palate (p < 0.01)
(Table I). The GIM angle was variable on the right
and the left sides (p < 0.05) (Table I), the mean angle
on the left side was 21.2 = 4.2° and 20.1 + 4.2° on

the right side. The relationship of the GPF to the



Table Ill. The direction of GPF in the oral cavity.
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Direction of the foramen Right side Left side Total

n (%) n (%) n (%)
Forward 54 (40.9) 55 (41.7) 109 (41.3)
Forward and lateral 18 (13.6) I15(11.4) 33 (12.5)
Forward and medial 60 (45.5) 62 (47) 122 (46.2)
Total 132 (100) 132 (100) 132 (100)

¥?=0.315p =0.854

Table IV. Shape of the palatal vault.

Shape of palate Number of skulls (%)

Arched 61 (46.2)
Flat 49 (37.1)
High-arched 22 (16.7)
Total 132 (100)

maxillary molars was variable. In 74.6% of skulls,
the GPF was located opposite the third maxillary
whereas 24.2% showed the GPF between
the second and third molars. In 0.4% of skulls,
the GPF was located opposite to the
molars, and in 0.8% of skulls, the GPF were
situated beyond the third molar (Table II). The

numbers of LPF on both sides were not symmetrical,

molars,

second

and varied from one to four. In two skulls, the LPF
on the left side were absent and in one skull, the
GPF on the left side was double. 46.2% of GPF
was directed forward and medially on the lateral
border of the hard palate, whereas 41.3% was directed
forward, and 12.5% of GPF was directed forward
and laterally (Table III). Most of the palates were
arched (46.2%, n = 61), whereas 37.1% (n = 49) were
flat and 16.7% (n = 22) were high-arched palates
(Table V).

DISCUSSION

The present study indicated that the location of
the GPF was more variable than is implied in the
anatomy textbooks. Ajmani observed the location of
the GPF opposite the third maxillary molar in 64%
of adult Indian skulls,®® in comparison to our study
which was seen in 74.6% of the skulls. Our study
showed the GPF  was

opposite to the second maxillary molar in only

also location of the
0.4% of the skulls, beyond the third maxillary molar
in 0.8%, and between the second and third maxillary
molars in 24.2% of skulls. The distance of the
GPF from the midline was 14.7 mm on both sides

in our study and almost equal to the data given by

Ajmani, i.e., 147 mm on right side and 14.6 mm on
the left side."™® The GPF was 16.2 £ 1.3 mm lateral
to the median saggital plane in the Thai skulls.@
The distance from the GPF to the incisive fosse
was 373 mm on the left side and 37.2 mm on the
right side in our study.

The distance of the GPF from the posterior border
of hard palate on both sides was fairly constant, at a
mean of 4.2 mm; Westmoreland and Blanton found a
mean distance of 0.19 cm, from the posterior border
of hard palate.® Methathrathip et al reported the GPF
2.1 £ 1.3 mm anterior to the posterior border of the
hard palate in Thais.® Ajmani found this distance
to be 3.7 mm in Indian skulls.1® The sutural growth
occurring between the palatine bone and maxilla may
be one of the reasons for the increase in anteroposterior
dimension of the palate with the eruption of the
posterior teeth. >

The GIM angle was unequal on the two sides,
being more on the left side (Table I). This finding
is of interest as it can reduce the attempts needed to
introduce the local anaesthetic agents in maxillofacial
surgeries or for dental procedures. This technique
is also effectively useful in sinus and endodontic
procedures, maxillary trauma, diagnosis and treatment
of chronic oral and maxillofacial pain syndromes.(®
The direction of GPF in the oral cavity was forward
and medially in 462% and forward in 41.3%, as
compared to 91.4% of Indian skulls.®® 1In 82% of
skulls, the GPF was directed forward.® The opening
of the foramen was directed anterolaterally in a large
number of Nigerian skulls (38.7%).9% This explains
the variability of the GPF in different races and
different geographical regions. This observation may
explain the occasional difficulty encountered during
surgery when attempting to insert the point of needle
into the GPE !

The majority of the skulls in the present study (46.2%)
showed arched palatal vaults. 37.1% were flat palates
and 16.7% showed very highly-arched palatal vaults.
The palatal growth takes place in length in the sagittal
plane anterior to the GPEY® Bilateral symmetry in

the number of LPF was seen in 40% of skulls. In two



skulls (1.51%), the LPF was absent on the left side.
The present study gives an insight into the relative
position of the GPF. However, more skulls of different
races and geographical distribution should be studied
to give a more conclusive finding. The variable GIM
angle on two sides may indicate the near accuracy of
the location of GPF and also the angle to be made by
the needle for injecting local anaesthetics for optimal
pain control in maxillofacial and dental surgeries in
patients where general anaesthesia is contraindicated.
In conclusion, this study shows that the perpendicular
distance of GPF in Indian skulls was about 15 mm,
the distance of GPF to the
approximately 37 mm, and the GIM angle was 21

incisive fossa was

degrees. These data will be helpful in comparing the
Indian skulls with those from various other regions as

well as comparing skulls of different races.

REFERENCES

1. Williams PL, Warwick R, Dyson M, Bamnister H. Gray’s Anatomy.
37th ed. London, 1989: 354.

2. Gardner E, Gray DJ, O’Rahilly R. Anatomy. 4th ed. Philadelphia:
‘WB Saunders, 1975: 997.

3. Moore KL. Clinically Oriented Anatomy, 1st ed. Baltimore: Williams
and Wilkins, 1980: 1004.

4. Romanes GJ. Cunningham’s Textbook of Anatomy. 12th ed. New
York: Oxford University Press, 1981: 116.

10.

11.

12.

13.

14.

15.

16.

Singapore Med J 2007; 48 (12) : 1146

Seldan HN. Practical Anaesthesia for Dental and Oral Surgery.
3rd ed. Philadelphia: Lea & Febiger, 1948: 206.

Shane SME. Principles of Sedation, Local and General Anaesthesia
in Dentistry. 1st ed. Illinois: Charles C. Thomas, 1975: 173.

Matsuda Y. Location of the dental foramina in human skulls from
statistical observations. Int J Orthod Oral Surg Radiog 1927;
13:299.

Westmoreland EE, Blanton PL. An analysis of the variations in
position of the greater palatine foramen in the adult human skull.
Anat Rec 1982; 204:383-8.

Langenegger JJ, Lownie JF, Cleaton JPE. The relationship of the
GPF to the molar teeth and pterygoid hamulus in human skulls.
T Dent 1983; 11:249-56.

Hassanali J, Mwaniki D. Palatal analysis and osteology of the
hard palate of the Kenyan African skulls. Anat Rec 1984;
209:273-80.

Wang TM, Kuo KJ, Shih C, Ho LL, Liu JC. Assessment of the
relative locations of the GPF in adult Chinese skulls. Acta Anat
Basel 1988; 132:182-6.

Ajmani ML. Anatomical variation in position of the greater
palatine foramen in the adult human skulls. J Anat 1994;
184:635-7.

Jaffar AA, Hamadh HJ. An analysis of the position of the greater
palatine foramen. J Basic Med Sci 2003; 3:24-32.

Methathrathip D, Apinhasmit W, Chompoopong S, et al. Anatomy
of greater palatine foramen and canal and pterygopalatine fossa in
Thais: considerations for maxillary nerve block. Surg Radiol Anat
2005; 27:511-6.

Slavkin HC, Canter MR, Canter SR. An anatomic study of the
pterygomaxillary region in the craniums of infants & children. Oral
Surg 1966; 21:225-35.

Sejrsen B, Kjaer I, Jakobsen. Human palatal growth evaluation
on medieval crania using nerve canal openings as references. Am
J Phys Anthropol 1996; 99:611.



