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Introduction
Transverse palatine folds or palatal rugae (PR), are asymmetrical 

and irregular elevations of the mucosa in the anterior third of the palate 
arranged in a transverse direction on each side of the medial palatal 
raphae and behind the incisive papilla (IP), located in the mid-sagittal 
plane [1,2]. Developmentally, palatal rugae are formed in the third 
month in utero from the hard connective tissue covering bone. First 
PR were identified in human embryos of 32-mm Crown-rump length 
(CRL) next to IP [3]. The orientation pattern is formed by about 12th 
to 14th week of prenatal life and remains stable until the oral mucosa 
degenerates after death [4,5]. The prominence of PR diminishes from 
prenatal period to adolescence but the shape remains unaltered [6].

The post mortem resistance, stability and uniqueness of palatal 
rugae make them a potential adjunct for forensic identification. Ample 
evidence in literature supports stability in shape of PR, although 
increase in size of anterior part of the palate in early years of life may 
bring about change in length of PR [7,8]. Gender differentiation is also 
noticed in some longitudinal studies for increase in length of PR from 
5 to 10 years of age, notably 11%for boys and 9% for girls [5,9]. A more 
or less continuous and small increase in distances between medial 
borders of paired rugae have also been reported along with a backward 
extension of posterior boundary of PR in relation to teeth until 20 years 
of age [10].

Although, some habits like finger sucking or persistent pressure 
from orthodontic treatment or dentures and orthodontic extractions 
may bring about local changes in PR [2,11], the stability in shape of PR 

has been routinely exploited for dental cast superimposition to monitor 
tooth movement in orthodontics [12-14]. Besides, an appreciable 
hereditary component of palatal rugae has also been suggested in 
various twin and family studies [15-17] but this varies in extent and 
characteristics in different investigations.

The stability and hereditary inclination exhibited by PR led to 
formulation of hypothesis that various occlusal characteristics that 
display a strong genetic basis may display a correlation with PR. This 
in turn may serve as a diagnostic appurtenance for malocclusions very 
early in life and aid in preventive or interceptive measures to alleviate 
forthcoming dento-skeletal aberrations.

Material and Methods
The present study was conducted after obtaining study records 

of 66 young adult patients (12-26 years) who reported to the OPD of 
Department of Orthodontics following institutional ethical clearance. 
The inclusion criteria for the sample were: complete complement of 
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permanent teeth till second molars; no history of previous extraction of 
teeth/orthodontic treatment; no deleterious habits and no congenital/
acquired deformity of head and neck. Irrespective of gender, the 
sample was classified into 4 groups based on Angle’s classification of 
malocclusion: Class I comprising of Class I type1 and type2 (N=24); 
Class II div1 (N=20); Class II div 2 (N=10); Class III (N=12).

All study casts were poured with type III dental stone and labelled 
according to name, age, sex and type of malocclusion. Landmarks on 
palatal raphe and PR were marked using a 0.3 mm graphite pencil 
according to the classification given by Kapali et al. [18] (Figure 1). All 
markings were then traced on to a transparent template (Figure 2). The 
traced palatal rugae were observed for length, orientation/direction, 
shape/pattern and strength/thickness as follows: 

Length of PR (Classification) 

PR were classified according to length, as given by Lysell in 1955 
[2]. It was recorded using digital vernier calipers (least count =0.05 
mm) from medial end of rugae to the lateral end. 

1. Primary rugae [2]/Main ridges [19]: (5mm or more)

2. Secondary rugae [2]/Secondary ridges [19]: 3-5 mm

3. Fragmentary rugae [2]/ridges: less than 3 mm.

The number of rugae falling under the category of primary, 
secondary and fragmentary rugae was recorded separately for left and 
right side of each study cast.

Orientation or direction of palatal rugae 

The orientation/direction of first, second and third primary rugae 
were recorded separately for left and right side of each cast where an 
angle was formed between mid-palatal raphe and PR. It was classified 
according to Hauser as follows [19]: (Figure 3)

1. Posteriorly directed rugae (p) - associated with negative 
angles (Figure 3a).

2. Horizontal/perpendicular rugae (h) - associated with angles 
of zero degrees (Figure 3b).

3.	 Anteriorly directed rugae (a) - associated with positive angle 
(Figure 3c).

Shape/Pattern of palatal rugae 

Using the template tracings, shape of first, second and third 
primary rugae were recorded separately for left and right side of each 
cast from their origin to termination and classified according to Hauser 
et al. [19] as follows (Figure 4):

1. Curved(c): The curved type had a simple crescent shape 
which curved gently.

2. Straight(s): Straight types ran straight directly from their 
origin to termination.

3. Wavy (w): The basic shape of the wavy rugae was serpentine; 
however, if there was a slight curve at the origin or termination of 
curved rugae it was classified as wavy.

 

Figure 1: Primary, secondary and fragmentary rugae traced on each side of 
mid palatal raphe (numbering starting anteriorly, next to the incisive papilla). 

 

Figure 2: Transparent template made to study orientation, shape and strength 
of palatal rugae.

Figure 3: Orientation (direction) of first, second and third Primary rugae of 
right and left side of mid-palatal raphe recorded separately: a. Posteriorlyb. 
Horizontal c. Anteriorly.

 

Figure 4: Pattern/ Shape of first, second and third Primary rugae of right and 
left side of mid-palatal raphe recorded separately: a. Curved(c) b. Straight(s) c. 
Wavy (w) d. Irregular (Ir)e. Forking (f)f. Island (i).
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4. Forking (f); Unification occurs when two rugae are joined 
at their origin or termination based on which, they were of two types 
(Figure 5):

fd1: Converging: Rugae with different origins which joined on their 
lateral portions. 

fd2: Diverging: Unifications in which two rugae began from the 
same origin but immediately diverged. 

1. Island (i): The rugae that displayed a definite continuous ring 
formation at the termination was termed as Island.

2. Irregular (Ir): Broken, irregular pattern of rugae. 

Strength of palatal rugae 

Based on thickness of first, second and third primary rugae strength 
of were classified according to Hauser et al. [19] as follows (Figure 6):

a. Strong(s)

b. Medium(m)

c. Weak (w) 

Statistical Analysis 
All data was collected and visually screened for any missing data 

or outliers. Statistics were performed in SPSS 17.0 (SPSS, Chicago III). 
Descriptive statistics (mean and standard deviation) were determined 

for the number of palatal rugae (primary, secondary and fragmentary) 
on each side of mid-palatal raphe for each malocclusion group. The 
most predominant pattern, orientation and strength of primary rugae 
(first, second and third) in each malocclusion group was studied. 
Non parametric test, Kruskal-Wallis was done to find association of 
independent variables of PR number, pattern, orientation and strength 
with the various malocclusion groups. P value <0.05 was considered to 
be statistically significant.

Results
Results of Table 1 showed number of primary rugae in Class I 

malocclusion on left side being greater in number with mean 3.13 ± 0.75 
as compared to right side having mean value of 3 ± 0.6. In Class II div 
1 and Class III malocclusion, number of primary rugaes were present 
more left side with values of 3.08 ± 0.7 and 3.21 ± 0.58 respectively. 
The mean values of secondary and fragmentary rugae were less than 
1 in all the three categories of malocclusion except Class II div 2. The 
average number of rugae taking into account primary, secondary and 
fragmentary rugaeis greatest in Class II div2 but almost similar in rest 
of the classifications. ANOVA did not depict any statistically significant 
difference in p-vlaue for rugae number. 

The results of Table 2 did not depict any particular pattern, 
orientation or strength for a particular malocclusion. However, the 
most predominant pattern for first, second and third primary rugae was 
curved with forking-diverging, being most common in first primary 
rugae of left side in Class I and Class III malocclusions. The trend of 
orientation pattern in Class I from first to third rugae predominantly 
shifts from horizontal to posteriorly while Class II div 1 did not show 
horizontal pattern in any of the rugae, orientation of rugae in Class II 
div 2 remained more or less horizontal while in Class III horizontal and 
posteriorly were two most predominant types. The strength of rugae 
showed a similar trend for all malocclusions, with the first primary 
rugae being strong gradually becoming weak till the third rugae.

The results of Table 3 did not depict any significant difference in 
rugae pattern, orientation and strength among the four malocclusion 
groups based on the test scores.

Discussion
Palatal ridges or rugae palatinae are transversal ridges found on 

the hard palate of most mammalian species, but display exclusivity 
in number and arrangement for different species [20]. In the present 
study the average number of primary rugae has been approximately 
three in number in accordance with human studies done previously 
[21]. The number of primary rugae was seen to be greatest in Class II 
div 2 patients, probably due to difference in degree of development of 
maxillary basal arch width and transverse morphology. Hauser et al. 
in 1989 that stated that size of the palate affected rugae development 
with broader palates showing greater rugae development [19]. 
Studies have compared maxillary arch width development in normal 
occlusion, Class II div1 and Class II div2 patients and found it in 
the order of normal occlusion having greatest, followed by Class II 
div2 and least in Class II div1 patients [22]. This corresponds to our 
findings wherein normal occlusion sample has not been taken, and 
amongst the remaining malocclusion, Class II div 2 shows maximum 
number of rugae. Literature provides evidence of lesser maxillary 
intercanine and interpremolar arch width development as compared 
to normal occlusion in Class III samples that supports our finding [23]. 
Nevertheless, to attain a conclusive evidence of this particular outcome, 
a larger sample size of Class II div2 has to be studied and compared to 
normal occlusion patients having similar palatal widths.

Figure 5: Pattern of unification based on the origin and termination, rugae 
classified into two types:d1: Converging-type (fd1)d2: Diverging –type (fd2).

 
Figure 6: Strength of first, second and third Primary rugae of right and left side 
of mid-palatal raphe recorded separately: recorded:a. Strong(s)b. Medium(m)
c. Weak(w).
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The age group of 12-26 years was selected based on the evidence 
that orientation pattern gets established at birth finally attaining a 
final feature during adolescence and thereafter any change that occurs 
may be in length but not in shape [7,8]. Thus the shape of PR once 
ascertained, could be investigated for any correlations with ethnicity 
or malocclusions. There is ample substantiation of association between 
PR patterns and number with ethnicity. Kapali et al. [18] compared 
the rugae pattern in Australian Aborigines and Whites and found that 
the former displayed more number of primary rugae than the Whites, 
with wavy and curved forms being more prominent. Similar studies 
comparing Indian population with Japanese and Tibetan population 
have also revealed significant differences in PR pattern [24,25]. Thus, 
prevalent malocclusions in various ethnic populations [26] could also be 
investigated for a positive correlation with specific pattern, length and 
number of PR and serve as an adjunct in intercepting malocclusions at 
a very early age. A single study in literature by Gandikota et al. in 2012 
found a distinct palatal rugae pattern in class II div 1 when compared 
to class I individuals. They also they reported a significant constriction 
of PR in Class II div1 when evaluated with Class I individuals having 
same intermolar widths [6]. Their findings did not correspond with the 
results of our study as they had formulated an ordinal scale to compare 
the rugae pattern as good to bad while we had compared individual 
characteristics of pattern, orientation and strength and found no 
significant correlation in any malocclusion. Also they had compared 
length of first to third rugae while we had observed number of primary 
in different categories of malocclusion and found the number to be 
greatest in Class II div2 patients.

The physiological function of PR in oral swallowing, speech and 
suction has been well documented [3]. The association of food and 
taste receptors in the dorsal surface of tongue has been considered 
responsible for particular configurations and prominence of rugae 
[3]. And as tongue posture is variant in Class II and Class III patients, 
it was expected to influence the PR pattern in different categories of 

malocclusion [27]. In Class II malocclusion groups, contact of anterior 
portion of the tongue with rugae area of hard palate has been shown 
to be decreased as compared to the control group [28]. While in 
Class III malocclusion, tongue-to-palate distances were found to be 
generally greater and tongue posture lower as compared to controls 
[27]. Although our study has shown differences in pattern in Class I 
and Class III casts displaying a forking-diverging type on left side, but 
it was statistically not significant. Thus future studies should be done 
with more sample size in consideration. 

PR number, shape as well as orientation have shown genetic 
predisposition in previous studies [15-17], thus supports its correlation 
with different malocclusions having strong genetic potential. Both Class 
III and Class II display specific genes leading to a particular skeletal 
variability caused by polygenic nature of craniofacial traits [29,30] and 
these could be explored in forthcoming studies for specific association 
with PR shape and number. 

The strength of rugae decreases from first to third primary rugae in 
our study. This is in accordance with literature evidence of decreasing 
regularity of rugae pattern, disappearance of posterior rugae and 
strength of anterior rugae becoming considerably more pronounced 
and compressed, towards the end of intrauterine life [31].

This pilot study has broadened the scope for future studies after 
addressing the limitations of this study. First and foremost, a larger 
sample size is required to authenticate the observations of this study 
to attain results that are statistically significant. Another important 
consideration should be equal distribution of male and female samples 
as studies have proved the uniqueness and gender differentiation of 
PR pattern in individuals [32,33]. Future studies should have a study 
design comprising of a control sample of untreated normal Class I 
occlusion patients for validation of association of palatal growth with 
rugae in malocclusion patients.

Malocclusion N No. of primary Rugae No of secondary Rugae No. of fragmentary Rugae Mean No. of Rugae
Right Left Right Left Right Left

Class I 24 3.00 ± .60 3.13 ± .75 .65 ± 1.11 0.26 ± .62 0.60 ± 0.83 0.65 ± 1.027 8.30 ± 3.11
Class II div 1 20 3.00 ± 0.59 3.08 ± 0.70 0.44 ± 0.65 0.36 ± 0.63 0.56 ± 0.86 0.60 ± 0.81 8.04 ± 2.30
Class II div 2 10 4.00 ± 0.00 4.00 ± 0.00 1.00 ± 0.000 1.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 14.00 ± 0.00
Class III 12 3.00 ± 0.68 3.21 ± 0.58 .64 ± 0.74 0.64 ± 0.50 0.43 ± 0.76 0.42 ± 0.64 8.35 ± 2.69
F 1.761 1.133 0.456 1.895 2.129 1.950
Sig (p Value) 0.164 0.343 0.714 0.140 0.106 0.131

Table 1: Mean and standard deviation for number of palatal rugae on right and left side in various malocclusions along with statistical ANOVA test for significance.

Malocclusion Parameter 1st Primary Rugae 2nd Primary Rugae 3rd Primary Rugae
Right Left Right Left Right Left

Class I Pattern (c) (fd2) (c) (c) (c) (c)
Orientation (h) (h) (a) (p) (a) (p)
Strength (s) (s) (m) (m) (w) (w)

Class II div 1 Pattern (c) (c) (c) (c) (c) (c)
Orientation (p) (p) (a) (p) (a) (a)
Strength (s) (s) (m) (m) (m) (m)

Class II div 2 Pattern (c) (c) (c) (c) (c) (c)
Orientation (h) (p) (h) (h) (h) (h)
Strength (s) (s) (m) (m) (m) (m)

Class III Pattern (c) (fd1) (c) (c) (c) (c)

Orientation (h) (p) (a) (p) (h) (h)
Strength (s) (s) (m) (m) (w) (w)

Table 2: Most common pattern, orientation and strength of primary palatal rugae in various malocclusion groups. Pattern: (c): Curved; (s): straight; (w): wavy; (fd1): forking-
converging; (fd2): forking- diverging; (i): island; (Ir): irregular Orientation: (h): horizontal; (a): anteriorly; (p): Posteriorly Strength; (s): strong; (m): medium; (w): weak.
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Parameter 1st Primary Rugae 2nd Primary Rugae 3rd Primary Rugae
Right Left Right Left Right Left

Pattern(P) 1.00 0.222 0.875 0.705 0.370 0.888
Orientation(Or) 0.488 0.276 0.819 0.592 0.660 0.897
Strength(St) 0.941 0.824 0.541 0.541 0.330 0.394

Table 3: Kruskal Wallis Test Statistics for association for Rugae Pattern (P), Orientation (Or) and Strength (St) among the four malocclusion groups.

Conclusions
1. The number of primary, secondary and fragmentary rugae

was similar in almost all malocclusions except Class II div 2 that 
showed the greatest number of all forms of rugae.

2. The pattern of PR has shown distinction in Class III
malocclusion (forking diverging type)

3. No statistically significant difference was observed in
number, pattern, orientation and strength of first, second and third 
primary rugae in any of the malocclusion groups.

A major limitation of the study was a small sample size but if 
the same study is performed on a larger sample size, it may aid in 
establishing a positive correlation with variety of occlusal traits or 
deleterious habits established early in life. It can also be performed in 
different ethnic populations to validate the association of ethnicity with 
shape of PR. Hence, future scope of present study on a larger sample 
size may support the use of PR not only for forensic identification but 
also as a diagnostic appurtenance of malocclusion.
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