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INTRODUCTION
The hard palate is a vital component of the skull, formed by the pre-
maxilla, palatine processes of the maxilla, and horizontal plates of 
the palatine bone. It separates the nasal cavity above from the oral 
cavity [1] and has an arched shape with varying depth and breadth, 
being widest in the molar region. The posterior part of the hard 
palate contains the greater and lesser palatine foramina, with lesser 
ones located behind the greater palatine foramen [2].

The role of palatal morphology and morphometry in forensic dentistry 
is widely acknowledged. Due to its location within the oral cavity, the 
hard palate is resistant to damage during trauma, making it a reliable 
structures for identifying individuals in cases involving damaged 
or decomposed skulls [3]. Skull morphometry is also significant in 
anthropological and forensic investigations to determine the age, 
stature, and ethnicity [3,4].

Understanding the normal anatomical features of the hard palate 
is essential for procedures like nasogastric intubation, nasal 
pharyngoscopy, and related tools [5]. Palatal morphometry is crucial 
for the treatment planning in orthodontic conditions, orthognathic 
surgeries, maxillary dental implants, and various other procedures, 
including cleft palate surgery [6]. Precise metric parameters of the 
hard palate are also valuable in denture fabrication and prosthetic 
restoration for speech and normal functioning [7-9].

While previous studies have explored the hard palate, a comprehensive 
investigation of the lesser palatine foramina and their relationship 
to nearby landmarks is lacking [10-13]. This study aims to provide 
morphometric dimensions of the hard palate, palatal indices, and 
examine the relationship of the lesser palatine foramen with adjacent 
structures. The data obtained from this research can serve as a 
baseline for future studies in anatomical sciences, dental sciences, 
forensic sciences, and anthropometric studies.

MATERIALS AND METHODS
A cross-sectional study was conducted over a period of four years, from 
December 2017 to December 2021, using 100 skulls obtained from 
the Department of Anatomy at Government Medical College Amritsar, 
Punjab, India. Ethical approval was obtained from the institutional 
ethics committee through letter number 5769 dated 23/06/17.

Inclusion criteria: Adult skulls that were non-pathological and 
complete in all aspects were included.

Exclusion criteria: While damaged or pathologically deformed skulls 
were excluded. 

Procedure
Measurements were taken using a digital Vernier caliper with an 
accuracy of 0.01 mm. The following parameters of the hard palate 
were measured:

•	 Length: Distance between the orale anteriorly and the posterior 
nasal spine posteriorly (labeled as A in [Table/Fig-1a]).

•	 Breadth: Distance of the inner borders of the sockets of the 
upper 2nd molars (labeled as B in [Table/Fig-1a]).

•	 Height: Height of the palate from the line connecting the 
endomolaria (shown in [Table/Fig-1b]).

•	 Contribution of premaxilla: Distance between the orale and the 
posterior margin of the incisive fossa.

•	 Contribution of palatine processes: Posterior margin of the 
incisive fossa and posterior nasal spine.

•	 Palatine index: Calculated using the formula: Breadth/Length×100.

•	 Palatine height index: Calculated using the formula: Palatal 
height/Breadth×100.

The hard palates were classified into three categories based on 
their width: leptostaphyline (narrow), mesostaphyline (moderate), 
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ABSTRACT
Introduction: Various therapeutic procedures, such as cleft palate 
surgery, uvulopalatopharyngoplasty, nasopharyngoscopy, and 
nasogastric intubation, rely on the morphometric measurements 
of the hard palate. Additionally, it plays a crucial role in passive 
speech articulation. Therefore, understanding the morphological 
and osteological diversity of the hard palate holds clinical 
significance.

Aim: To assess the normal and aberrant morphology and 
morphometry of the hard palate.

Materials and Methods: The present cross-sectional study was 
initiated in December 2017 and completed in December 2021. It 
was conducted on 100 dry adult human skulls collected from the 
Department of Anatomy, Government Medical College, Amritsar, 
Punjab, India. The palate was analysed to determine the mean 
palatal length, breadth, and height. Additionally, the palatal index 
and palatal height index were calculated. Different osteological 

parameters of the lesser palatine foramen, including its number, 
distance from the greater palatine foramen, palatomaxillary suture, 
and interpalatine suture, were measured. Mean, standard deviation, 
range, and p-value were calculated for the metric parameters.

Results: The mean palatal length, breadth, and height  were 
46.16±4.18 mm, 33.01±2.67 mm, and 11.06±1.88 mm, respectively. 
In the present study, 83% of skulls belonged to the leptostaphyline 
type,  10% to the mesostaphyline type, and 7% to the 
brachystaphyline  type. The number of lesser palatine foramen 
varied from 0-2 on both sides, with predominance of a single 
foramen on both sides. The distances of the lesser palatine foramen 
from the greater palatine foramen, palatomaxillary suture, and 
intermaxillary suture were found to be 3.55±1.56 mm, 11.45±2.42 
mm, and 17.57±3.06 mm on the right side, and 3.38±1.57 mm, 
10.90±2.39 mm, and 17.47±2.99 mm on the left side, respectively. 

Conclusion: The data provided by this study will be helpful in various 
disciplines of medical, dental, and anthropometrical sciences.
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Name of parameter Mean±SD (mm)

Palatal length 46.16±4.18

Palatal breadth 33.01±2.67

Palatal height 11.06±1.88

Contribution from premaxilla 11.43±2.51

Contribution from palatine processes 35.64±4.62

[Table/Fig-3]:	 Mean and standard deviation (SD) of various metric parameters of 
the hard palate.

[Table/Fig-2]:	 Measurements of the lesser palatine foramen: I) Distance between 
LPF and the posterior end of GPF, J) Shortest distance between the Lesser Palatine 
Foramen and palatomaxillary suture, K) Shortest distance between the Lesser 
Palatine Foramen and interpalatine suture. 

Type of palate Range of palatine index Number of palates (%age)

Leptostaphyline <79.9% 83

Mesostaphyline 80-84.84.9% 10

Brachystaphyline >85% 7

[Table/Fig-4]:	 Classification of the palate into leptostaphyline, mesostaphyline, 
and brachystaphyline types.

Type of palate Range of palatine index Number of palates (%age)

Chemostaphyline <27.9% 15

Orthostaphyline 28-39.9% 66

Hypsistaphyline 40%< 19

[Table/Fig-5]:	 Classification of the palate into chemostaphyline, orthostaphyline, 
and hypsistaphyline types.

Name of 
parameter

Mean and standard 
deviation (mm) Range (mm)

p-valueRight Left Right Left

Distance of LPF-GPF 3.55±1.56 3.38±1.57 1.03-7.71 1.03-7.33 0.46

Distance of LPF-PMS 11.45±2.42 10.90±2.39 6.35-17.78 5.78-17.32 0.12

Distance of LPF-IPS 17.57±3.06 17.47±2.99 16.06-19.74 16.04-19.87 0.81

[Table/Fig-6]:	 Distance of the lesser palatine foramen from the posterior end of 
the greater palatine foramen, palatomaxillary suture, and interpalatine suture.

[Table/Fig-1]:	 a) Measurements of the hard palate: A-Palatal length, B-Palatal 
breadth; b) Measurement of palatal height.

and brachystaphyline (broad). The palatal height index was also 
calculated, and the hard palates were classified. 

•	 Into chemostaphyline (low), 

•	 orthostaphyline (intermediate), 

•	 and hypsistaphyline (high/deep) types.

The study also included the evaluation of non-metric and metric 
parameters of the Lesser Palatine Foramina (LPF). The number 
of LPF was observed and noted. Additionally, the following metric 
parameters were measured:

• 	 Distance of LPF from the Greater Palatine Foramen (GPF) 
(distance between the anterior end of LPF and the posterior 
end of GPF, labeled as I in [Table/Fig-2].

• 	 Distance of LPF from the palatomaxillary suture (distance between 
the medial margin of LPF and the point where the palatomaxillary 
and intermaxillary sutures meet, labeled as J in [Table/Fig-2].

• 	 Distance of LPF from the interpalatine distance (shortest distance 
between the medial margin of the lesser palatine foramen and 
the interpalatine suture, labeled as K in [Table/Fig-2].

The collected data and measurements will contribute to the 
understanding of the morphometry and relationships of the hard 
palate and lesser palatine foramina. This information can be utilised 
in anatomical sciences, dental sciences, forensic sciences, and 
anthropometric studies.

STATISTICAL ANALYSIS
The collected data was analysed using Statistical Package for 
Social Sciences (SPSS) software version 18.0 and excel 2010. 
Mean, standard deviation, and range were calculated for the metric 
parameters. A comparison between the right and left sides was 
made using the student’s t-test. A p-value less than 0.05 was 
considered significant.

RESULTS
Total number of 100 skulls were considered. The mean length, 
breadth, and height of the hard palate, as well as the contributions 
from the premaxilla and palatine process, were measured and are 

presented in [Table/Fig-3]. The mean value of the palatine index was 
71.96±7.73%. The majority of the palates (83%) were classified 
as leptostaphyline, while 10% were classified as mesostaphyline, 
and the least common type was brachystaphyline (7%) [Table/
Fig-4]. In terms of palatal height, 66% of the palates belonged to 
the orthostaphyline type, 19% were hypsistaphyline, and 15% were 
chemostaphyline [Table/Fig-5].

The number of lesser palatine foramina varied from 0 to 2 on both 
sides. They were absent in 7% of skulls on each the right and left 
sides. Single foramina were observed in 90% of skulls on the right 
side and 91% on the left side, while double foramina existed in 3% 
of skulls on the right side and 2% on the left side. The distances of 
the lesser palatine foramen from the posterior end of the greater 
palatine foramen, palatomaxillary suture, and interpalatine suture 
were measured. The mean values of these distances were higher 
on the right side compared to the left side, but the difference was 
not statistically significant [Table/Fig-6].

DISCUSSION
In the present study, the mean length of the palate was found to 
be 46.16±4.18 mm. Comparing this with previous data, results of 
the present study were close to the results of D’Souza AS et al., 
(49.13 mm), Jotania B et al., (49.73 mm), and Rao MJ et. al. (49.87 
mm) [10-12]. The mean palatal breadth in the present study was 
33.01±2.67 mm, which was close to the results of Rao MJ et al., 
(34.42 mm) but lower than the results of D’Souza AS et al., (40.4 
mm), Jotania B et al., (37.75 mm), Shalaby SA et al., (38 mm), and 
Sarilita E et al., (38.68 mm) [10,11,13,14]. The mean palatal height 
in our study was 11.06±1.88 mm, which was consistent with the 
results of Shalaby SA et al., (11.5 mm) and Sarilita E and Soames 
R (11.8 mm) [13,14]. The mean contributions from the pre-maxilla 
and palatine processes to the formation of the palate were found to 
be 11.43 mm and 35.64 mm, respectively. This was similar to the 
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results reported by D’Souza AS et al., (9.4 mm and 39.76 mm) and 
Jotania B et al., (9.62 mm and 40.11 mm) [10,11].

In terms of palatal classification, 83% of the skulls in the present 
study were classified as leptostaphyline, 10% as mesostaphyline, 
and 7% as brachystaphyline. These results were in agreement with 
Sarilita E and Soames R (84% leptostaphyline) but differed from the 
results of D’Souza AS et al., (37.5% leptostaphyline), Jotania B et al., 
(70% leptostaphyline), and Rao MJ et al., (95% leptostaphyline) [10-
12]. Similarly, the classification of palatal height in the present study 
showed that 66% were orthostaphyline, 19% were hypsistaphyline, 
and 15% were chemostaphyline. Results of the present study were 
closest to Shalaby SA et al., but differed from the results of Sarilita E 
and Soames R and D’Souza AS et al., [10,13,14] [Table/Fig-7].

Limitation(s)
This study was limited to 100 skulls due to the declining number of 
cadavers in anatomy departments. To obtain more valid results, a 
study with a larger sample size could be conducted.

CONCLUSION(S)
The data provided by this study will be helpful in various disciplines 
of medical, dental, and anthropometric sciences. The results of this 
study differed significantly from other studies, which may be due to 
differences in ethnicity and geography. The metric parameters of 
the lesser palatine foramina showed slightly higher values on the 
right side compared to the left side, although this difference was 
not statistically significant. However, this information is important for 
clinicians performing procedures in this region.

Acknowledgement
The authors would like to sincerely thank those who donated their 
bodies to science, allowing for anatomical research and teaching. 
The results of such research can contribute to scientific knowledge 
and improve patient care. Therefore, these donors and their families 
deserve our utmost respect. 

REFERENCES
	 Romanes GJ. Cunningham’s Textbook of Anatomy. 12[1] th ed. New York: Oxford 

Medical Publishers;1981.
	 Standring S. Gray’s Anatomy. Anatomical basis of clinical practice. 40[2] th Edition., 

Churchill Livingstone, London; 2008. 
	 Iscan MY. Global forensic anthropology in the 21[3] st century. Forensic Science 

International. 2001;117(1-2):01-06.
	 Harvati K, Weaver TD. Human cranial anatomy and the differential preservation of [4]

population history and climate signatures. Anat Rec A Discov Mol Cell Evol Biol. 
2006;288(12):1225-33.

	 Patel M. A study of the hard palate in the skulls of the central Indian population. [5]
Int J Pharm Bio Sci. 2012;3(2):527-33.

	 Caples SM, Rowley JA, Prinsell JR, Pallanch JF, Elamin MB, Katz SG, et al. [6]
Surgical modifications of the upper airway for obstructive sleep apnea in adults: 
A systematic review and meta-analysis. Sleep. 2010;33(10):1396-407.

	 Grave AM, Becker PJ. Evaluation of the incisive papilla as a guide to anterior [7]
tooth position. J Prosthet Dent. 1987;57(6):712-14.

	 Park YS, Lee SP, Paik KS. The three-dimensional relationship on a virtual [8]
model between the maxillary anterior teeth and incisive papilla. J Prosthet Dent. 
2007;98(4):312-18.

	 Mustafa AG, Tashtoush AA, Alshboul OA, Allouh MZ, Altarifi AA. Morphometric [9]
study of the hard palate and its relevance to dental and forensic sciences. Int J 
Dent. 2019;2019:1687345. https://doi.org/10.1155/ 2019/1687345.

	 D’Souza AS, Mamatha H, Jyothi N. Morphometric analysis of the hard palate in [10]
south Indian skulls. Biomed Res. 2012;23(2):173-75.

	 Jotania B, Patel S, Patel S, Patel P, Patel S, Patel K. Morphometric analysis of [11]
the hard palate. Int J Res Med. 2013;2(2):72-75.

	 Rao M, Vinila B, Yesender M. Morphological and morphometric analysis of the [12]
hard palate and the greater palatine foramen in dry adult south Indian skulls. 
International Journal of Anatomy and Research. 2017;5(4.1):4441-44.

	 Shalaby SA, Eid EM, Sarg NA, Sewilam AM. Morphometric analysis of the hard [13]
palate in Egyptian skulls. Benha Medical Journal. 2015;32(1):59.

	 Sarilita E, Soames R. Morphology of the hard palate: A study of dry skulls and [14]
review of the literature. Rev Arg de Anat Clín. 2015;7(1):34-43. https://revistas.
unc.edu.ar/index.php/anatclinar/article/view/14157.

	 Hassanali J, Mwaniki D. Palatal analysis and osteology of the hard palate of the [15]
Kenyan African skulls. The Anatomical Record. 1984;209(2):273-80.

	 Caldas IM, Magalhaes T, Afonso A. Establishing identity using cheiloscopy and [16]
palatoscopy. Forensic Science International. 2007;165(1):01-09.

	 Sweet D, DiZinno JA. Personal identification through dental evidence-tooth [17]
fragments to DNA. J Calif Dent Assoc. 1996;24(5):35-42. 

Author (study 
population)

Incidence (%)

Chemostaphyline Orthostaphyline Hypsistaphyline

D’Souza AS et al., 
2012 (South Indian) [10]

87.5% 12.5% -

Shalaby SA et al., 
2015 (Egyptian) [13]

36% 56% 8%

Srilita E and Soames 
R 2015 (Indian) [14]

32% 59% 10%

Present study, 2022 
(North Indian)

15% 66% 19%

[Table/Fig-7]:	 Comparison of the incidence of different types of palate based on 
the palatal height index [10,13,14, Present study].

Regarding the lesser palatine foramina, the number of foramina 
varied from 0 to 2 on both sides. They were absent in 7% of skulls 
on each side, and single foramina were observed in 90% on the 
right side and 91% on the left side. Double foramina were seen in 
3% on the right side and 2% on the left side. These results differed 
from those reported by D’Souza AS et al., (62.5% single foramina, 
30% double foramina) and Jotania B et al., (0.83% absent, 48.34% 
single foramina, 38.33% double foramina) [10,11].

The distances of the lesser palatine foramen from the posterior 
end of the greater palatine foramen, palatomaxillary suture, and 
interpalatine suture were measured in the present study. Distance 
of the Lesser Palatine Foramen (LPF) from the Greater Palatine 
Foramen, Palatomaxillary Suture, and Inter-Palatine Suture found to 
be 3.55±1.56 mm, 11.45±2.42 mm and 17.57±3.06 mm on right-
side and 3.38±1.57 mm, 10.90±2.39 mm and 17.47±2.99 mm on 
left-side, respectively. The values were higher on the right-side as 
compared to the left-side, but the difference was not statistically 
insignificant. Unfortunately, no data could be found in the available 
literature for comparison. However, knowledge of the relationship 
between these foramina is important for clinicians performing 
procedures in this region to avoid complications [15].

Furthermore, the morphometric features of the palate have practical 
implications in forensic dentistry. The palatal and dental structures are 
protected within the oral cavity, making them less susceptible to trauma 
or heat-related stresses. This allows for straightforward identification 
of individuals even in cases of significant tissue destruction, enabling 
sex estimation and individual identification [16,17].
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