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Abstract
Aim Palatine rugae are asymmetrical and irregular ele-
vations of the mucosa located in the palate. Once they are 
formed they can change in size but their shape remains 
constant. These formations are considered a landmark 
during orthodontic treatment. The aim of this study was 
to identify malocclusion in young individuals through 
patterns of palatal rugae.

Materials and methods A total of 105 subjects aged 
9–14 years were selected for the study. The subjects were 
divided into three groups based on their malocclusion. 
Maxillary and mandibular arch impressions were taken 
using alginate (Algin-Gum) followed by preparation of 
casts using dental stone. All the casts (n=105) were ana-
lyzed and then categorized using the classification of 
Nayak et al. The samples were evaluated using the Mann–
Whitney U test and Kruskal–Wallis ANOVA test.

Results In all the malocclusions, the wavy pattern was 
prevalent followed by the straight pattern. Nonspecific 

and curved rugae patterns were the least prevalent pat-
terns. A circular pattern was completely absent.

Conclusion The wavy pattern of rugae was predomi-
nant in all types of malocclusions followed by the straight 
pattern. There was no significant relation between the 
types of palatal rugae and malocclusion.

Keywords Palate  · Rugae  · Malocclusion  · Rugoscopy  · 
Children

Introduction

Palatine rugae in the human are usually asymmetrical 
and irregular elevations of the mucosa located in the pal-
ate [1]. The first person to describe these palatine rugae 
was Winslow in 1753 [2, 3]. They appear toward the end 
of the first trimester of intrauterine life, from the covering 
connective tissue in the palatine process of the maxillary 
bone. Their development and growth are mutually con-
trolled by epithelial–mesenchymal interactions. Once 
the rugae are formed, they may experience changes in 
size due to growth or injuries to the palate, but the shape 
remains constant (Waterman 1974) [1].

Palatal rugae are physiologically involved in oral swal-
lowing and help to improve the relationship between 
food and taste receptors (Buchtovo et al. 1987) [1]. The 
number of rugae on either side generally varies between 
three and five. The palatine rugae are located in the ante-
rior half of the hard palate, not extending posteriorly, and 
they never cross the midline [1].

The use of palatine rugae for identification of humans 
was first proposed by Allen in 1889 [2, 4, 5]. Trobo Her-
mosa was the first person to propose palatal rugoscopy in 
1932 [2, 4, 5]. These formations have been used in medi-
colegal identification processes because of their individ-
ual morphological characteristics [2, 5–7]. Rugae are also 
considered a landmark during orthodontic treatment. 

N.R. Ambati () · R. Juvva · M.G.S. Prasad · N.V.K. Raviteja · V. Jyothi
Dept of Pedodontics, St. Joseph Dental College,
Eluru, India
e-mail: radhakrishna_27@yahoo.com

R. Juvva
e-mail: juvva.ramakrishna@gmail.com

M.G.S. Prasad
e-mail: drghanasyam@gmail.com

N.V.K. Raviteja
e-mail: nvkraviteja@gmail.com

V. Jyothi
e-mail: pedodontist27@gmail.com

S. Kaniti
Sree Sai Dental College and Research Institute,
Srikakulam, India
e-mail: soujanyakaniti@gmail.com

http://crossmark.crossref.org/dialog/?doi=10.1007/s12548-016-0147-9&domain=pdf&date_stamp=2016-4-26


original article

The reliability of palatal rugoscopy in predicting various malocclusions  S41

The purpose of this study was to identify malocclusion in 
young individuals through the palatal rugae. Specifically, 
we aimed:

1. To evaluate the rugae patterns in children presenting 
with various malocclusions and to correlate any simi-
larities or differences in the groups observed.

2. To investigate whether the pattern of rugae can be 
mapped for a category of patients with various maloc-
clusions.

Materials and methods

The present study was conducted among children study-
ing in various schools of Eluru, West Godavari District, 
Andhra Pradesh. A total of 105 subjects aged 9–14 years 
were selected for the study. The subjects were divided 
into three groups based on their malocclusion (see Fig. 1) 
as follows:

 ● Group A: Angle’s Class I—37 (24 boys and 13 girls)
 ● Group B: Angle’s Class II—38 (28 boys and 10 girls)
 ● Group C: Angle’s Class III—30 (17 boys and 13 girls)

The inclusion criteria for the study were:

 ● Children between 9 and 14 years of age
 ● Children presenting with malocclusion

The exclusion criteria for the study were:

 ● Children with cleft palate
 ● Children without malocclusion
 ● Medically compromised children
 ● Children with special needs

Consent was obtained from the children’s parents. Max-
illary and mandibular arch impressions were taken using 
alginate (Algin-Gum) followed by preparation of casts 
using dental stone. All the casts (n=105) were analyzed 
by outlining the rugae that were traced using a 0.7-mm 
pencil and then categorized using the classification of 
Nayak et al. [8] (Figs. 2, 3, and 4).

The classification of Nayak et al. is based on the shape 
of the rugae and includes:

1. Straight (S) – rugae run directly from origin to termi-
nation.

2. Wavy (W) – rugae are serpentine shaped.
3. Curved (C) – rugae appear as simple crescent shaped, 

curved gently.
4. Circular (A) – rugae have continuous ring form.
5. Unification (U) – appears when two rugae are joined at 

their point of origin or termination.
6. Nonspecific rugae pattern (N) – involves rugae that do 

not fall into any of these categories.

Results

In this present study, we used the classification of Nayak 
et al. to analyze the patterns of rugae. During the study, 
no two models showed identical type of rugae patterns. 
The samples obtained were evaluated using the Mann–
Whitney U test and Kruskal–Wallis ANOVA test.

In all the malocclusions, the wavy pattern was preva-
lent, followed by the straight pattern. The wavy pattern 
was predominant in all the malocclusions with the high-
est presence. Nonspecific and curved rugae patterns 
were the least prevalent patterns. A circular pattern was 
completely absent.

Fig. 1 Distribution of male 
and female subjects accord-
ing to malocclusion class
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palatal rugae. Most of the studies were done using the 
methods of Silva, Carrea, Lysell, Thomas, Kotz, and 
Kapali et al. [2]. The classification used in the present 
study is based on the shape of the rugae, and it is sim-
ple and reliable [8]. Like fingerprints, the palatal rugae 
do not change during the lifetime of an individual land 
they are protected from high temperatures and trauma 
because of their position in the oral cavity; surrounded 
and protected by the lips, cheeks, tongue, teeth, and 
bone, they are unaffected by prosthetic devices [4]. Once 
formed, they only change in length but not in shape 
owing to normal growth, and they stay in the same posi-
tion throughout one’s life [9]. Disease, trauma, or chemi-
cal attack seems to have no effect on the shape of palatal 
rugae (Almeida et al.) [1, 4].

It is important to note the existence of abnormal pat-
terns and shapes on palatal rugae. It has been suggested 
that these abnormal patterns can serve as an additional 
feature or sign in the diagnosis of cleft palate in humans 
(Ikemi et al. 2001) [1], and they have been used as bench-
marks when testing in pre- and postsurgical cleft palate 
surgery (Park et al. 1994) [1].

In the present study, the wavy pattern followed by the 
straight pattern was seen in all cases of malocclusion and 

Discussion

Identifying malocclusion is a difficult task in young age 
groups. Various classifications were introduced to assess 

Fig. 4 Rugae marked with pencil
 

Fig. 3 Taking alginate impressions
 

Fig. 2 Materials used in the study
 

Table 1 Data obtained from models

Occlusion Wavy Straight Unification Curved Nonspecific

Class I 142 100 27 19 09

Class II 145 93 20 21 10

Class III 96 82 14 12 10

Table 2 Mean and standard deviation of rugae patterns

Occlusion Summary Class I Class II Class III Total

Curved Mean 0.5 0.5 0.4 0.5

SD 0.7 0.8 0.6 0.7

Wavy Mean 3.9 3.8 3.3 3.7

SD 1.6 1.5 1.5 1.6

Straight Mean 2.6 2.5 2.7 2.6

SD 1.6 1.3 1.4 1.4

Unification Mean 0.6 0.5 0.5 0.5

SD 0.9 0.6 0.6 0.7

Nonspecific Mean 0.4 0.3 0.3 0.4

SD 0.6 0.5 0.5 0.5

Table 3 Pairwise comparison of rugae among various mal-
occlusions

Malocclusion Curved

p

Wavy

p

Straight

p

Unification

p

Nonspecific

p

Class I vs. 
Class II

0.5852 0.9990 0.8239 0.7266 0.5962

Class I vs. 
Class III

0.6140 0.1919 0.7960 0.9849 0.7052

Class II vs. 
Class III

0.9508 0.2168 0.5953 0.7341 0.9017
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was consistent with the study findings of Kapali et al. in 
Australian Aborigines and Caucasians [5] and of Preethi 
et al. [6]. The main drawback of the study was the limited 
number of subjects; including more subjects in the eval-
uation might lead to significant results that may be ben-
eficial for the diagnosis of malocclusion in childhood.

Conclusion

We conclude that the wavy pattern of rugae was predomi-
nant in all types of malocclusions followed by the straight 
pattern. There was no significant relation found between 
the types of palatal rugae and malocclusion.
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