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ABSTRACT  
 

        Palatine rugae are anatomical folds or wrinkles of irregular fibrous connective tissue located 
on the anterior third of the palate behind the incisive papilla. These rugae patterns have been widely 
studied for various purposes, mainly in the fields of anthropology, genetics, orthodontics, 
prosthodontics and forensic science. This study was designed to investigate the stability of palatine 
rugae before and after orthodontic treatment and to explore the potential of the palatine rugae area to 
be used as an adjunctive aid for superimposition in cast analysis of orthodontic treatment changes. The 
pre and post-dental casts of 30 orthodontically treated adult Saudi patients were selected from the clinics 
of the Department of Orthodontics, Faculty of Dentistry, King Abdul-Aziz University. All patients were 
indicated to have symmetrical extraction of the maxillary first premolars. All casts were scanned using 
Maestro 3D Easy Dental Scanner and were analyzed. Comparing the pre- and post-orthodontic 
treatment position of the rugae points transversely, antero-posteriorly and in relation to the median 
palatal plane, although there was a slight decrease in the measurements of limited points which was 
insignificant, the difference was not statistically significant for all other points in different directions. 
Palatine rugae showed stability following orthodontic treatment and tooth movement. Hence, it could 
be used for cast analysis and superimposition. The most reliable points were found to be the lateral third 
rugae points, which could be used as reference points for cast superimposition. 
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Introduction 
 
       Palatal rugae are asymmetrical, irregular mucosal folds or ridges composed of fibrous connective 
tissue that present in the anterior part of the hard palate behind the incisive papilla (Bansode and 
Kulkarni, 2009). This anatomical landmark develops during the12th to 14th week of prenatal life (Ali 
et al., 2016) .It is well formed at birth exhibiting a pattern of orientation which retains its shape 
throughout life and is as unique to humans (Harjeet et al., 2014) as their fingerprints (Caldas et al., 2007 
and Patil et al., 2008). This renders palatine rugae of great significance to be widely used in the forensic 
dentistry as a tool in individual identification specially those severely mutilated victims (Bansode and 
Kulkarni, 2009; Hermosilla et al., 2009; Paliwal et al., 2010). In addition, it has been used as a rapid 
simple tool for sex determination in several populations (Bansode and Kulkarni, 2009; Bharath et al., 
2011; Fawzi et al., 2016). 
     Recently, research work has paid attention to the palatine rugae to be introduced in clinical dentistry 
(Hermosilla et al., 2009). It has been reported that their anatomical position aid in keeping them 
protected by the lips, cheeks, tongue, teeth, bone, and prosthetic oral appliances. Therefore, they are 
able to endure trauma, excessive heat, and other physical insults (Ali et al., 2016).  Moreover, chemical 
aggression, surgery (Patil et al., 2008) extraction, orthodontic tooth movement, (Caldas et al., 2007) 
and rapid palatal expansion (Hoggan and Sadowsky, 2001) didn't modify the palatine rugae pattern. 
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Thus, its uniqueness, resistance to injury (Ali et al., 2016), stability (Dawasaz and Dinkar, 2013), and 
low cost for analysis make palatine rugae an ideal tool to be used in orthodontic field.        
      The identification of characteristic features of palatal rugae in different classes of malocclusion 
proved that it could aid in early interception and prevention of malocclusions (Kapoor et al., 2015). 
        Many researchers have studied the morphology of palatal rugae and the racial differences, but very 
few have studied their individuality. Palatine rugae can be used as internal dental-cast reference points 
(Abdel- Aziz & Sabet 2001; Kulkarni and Gore, 2013). Although some changes do occur in the rugae 
during orthodontic treatment, yet, their morphology remains stable throughout life and carefully 
assessed rugae pattern has definite role in quantification of tooth migration in cases of orthodontic 
treatment (Kulkarni and Gore, 2013). 
       However, the palatine rugae pattern can be changed in case of trauma, sever thumb sucking in 
infancy and persistent pressure with orthodontic treatment and dentures (Ali et al., 2016). Nowadays 
the study of Palatine rugae pattern has been converted to a digital codes in an Arabian population (Syed 
et al., 2016).  Hence, this study has been directed to the Saudi Arabian patients to determine the 
significance of palatine rugae as a land mark of pre- and post-orthodontic treatment. This study was 
designed to investigate the stability of palatine rugae before and after orthodontic treatment and to 
explore the potential of the palatine rugae area as an adjunctive aid for superimposition in cast analysis 
of orthodontic treatment changes.  
 
Material and methods: 
 

The pre and post-dental casts of orthodontically treated 30 adult Saudi patients aged 18-30 years 
(17 females and 13 males) were selected from the clinic of the Department of Orthodontics, Faculty of 
Dentistry, King Abdul-Aziz University. All patients were having mature dentition and were indicated 
to have symmetrical extraction of the maxillary first premolars followed by retraction of the anterior 
teeth and the anterior segment using head gear as anchorage. They were treated with straight wire 
technique (Roth brackets, Dentaurum, Germany). All casts were scanned using Maestro 3D Easy Dental 
Scanner and were analyzed. 
Three main groups of measurements taken were : 
-transverse linear distances between medial and lateral points of the right and left rugae(Figs.1,2). 
-Anteroposterior linear distances between the first and second medial and lateral points of both the right 
and left rugae as well as the second and third ones (Figs. 3, 4). 
-Perpendicular distances from the median palatal plane to the rugae medial and lateral points for right 
and left sides on each cast (Figs.5, 6). 

The collected data were analyzed using t paired test to detect any significant differences between 
the pre-and post-treatment records for the three different groups of measurements. Statistical analysis 
was performed using SPSS. 
 

 
Fig.1: shows the transverse measurements between the lateral points in the pre treatment cast. 
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Fig. 2: Shows the transverse measurements between the lateral points in the post treatment cast. 

 
 

 
Fig. 3: Shows the anteroposterior measurements between the first and second lateral points as well 

as the second and the third in the pre treatment cast. 
 

 
Fig. 4: Shows the anteroposterior measurements between the first and second medial points as well 

as the second and the third in the post treatment cast. 
 

 
Fig. 5: Shows the perpendicular measurements from the median palatal plane to the rugae medial 

points in the right side in the post treatment cast. 



Curr. Sci. Int., 7(3): 320-326, 2018 
ISSN: 2077-4435 

323 

 

 
Fig. 6: Shows the perpendicular measurements from the median palatal plane to the rugae medial 

points in the left side in the post treatment cast. 
 
Results 
 

Comparing the pre- and post-orthodontic treatment position of the rugae points transversely, 
anteroposteriorly and in relation to the median palatal plane, although there was a slight decrease in the 
measurements of limited points which was insignificant, yet, the difference was statistically non-
significant for all other points in different directions.  

The pre-and post-transverse dimensions were compared and we found a slight decrease in the 
distance between the lateral points of the second rugae and the medial points of the second rugae but 
this difference was statistically insignificant (Table1).  
  
Table 1: Descriptive statistic and paired t test between the pre- and post- transverse changes of the 

rugae points in 30 patients. 
 Variable  Mean S Maximum Minimum Df  

First lateral rugae 
Pre 18.41 0.78 19.79 16.78 29 p>0.05 
Post  18.95 0.60 19.86 18.09 29 

First medial rugae 
Pre 4.31 0.71 5.32 3.13 29 p>0.05 
Post  4.30 0.71 5.3 3.12 29 

Second lateral rugae 
Pre 20.26 0.88 21.73 18.46 29 p>0.05 
Post  19.13 0.64 20.73 17.94 29 

Second medial rugae 
Pre 9.42 0.60 10.19 8.14 29 p>0.05 
Post  9.41 0.60 10.18 8.13 29 

Third lateral rugae 
Pre 20.54 0.75 21.76 18.77 29 p>0.05 
Post  20.49 0.71 21.76 18.77 29 

Third medial rugae 
Pre 8.86 0.67 10.45 7.56 29 p>0.05 
Post  7.89 0.73 9.71 6.46 29 

 
The pre-and post-anteroposterior dimensions were compared and we found no statistical 

significant difference between the second and third lateral rugae points. Slight decrease was observed 
in the other measurements but it was statistically insignificant (Table.2).   

The medial and lateral points of the palatine rugae in both right and left sides were compared in 
relation to the median palatine raphe in pre-and post-treatment and there was no statistical significant 
difference in the first palatal rugae points (Table.3), lateral and medial left second rugae (Table.4) and 
lateral and medial left and lateral and medial right third rugae points (Table5).There was slight decrease 
in the distance between the lateral and medial right second rugae to the median palatine raphe(Table4). 
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Table 2: Descriptive statistic and paired t test between the pre- and post- anteroposterior changes of the 
rugae points in 30 patients.  

Variable  Mean S Maximum Minimum Df  

1st-2nd Lateral left rugae 
Pre 3.63 0.28 4.50 3.33 29 

p>0.05 
post  2.49 0.15 3.22 2.31 29 

1st-2nd Medial left rugae 
Pre 2.73 0.59 4.15 1.97 29 

p>0.05 
post  1.63 0.18 2.17 1.00 29 

1st-2nd Lateral right rugae 
Pre 2.04 0.23 3.00 1.83 29 

p>0.05 
post  1.19 0.15 1.75 1.02 29 

1st-2nd Medial right rugae 
Pre 2.90 0.52 4.03 2.13 29 

p>0.05 
post  2.91 0.52 4.1 2.13 29 

2nd-3rd Lateral left rugae 
Pre 3.27 0.38 3.98 2.54 29 

p>0.05 
post  3.56 0.26 3.95 2.73 29 

2nd-3rd Medial left rugae 
Pre 4.09 0.60 5.64 3.23 29 

p>0.05 
post  3.11 0.09 3.40 3.00 29 

2nd-3rd Lateral right rugae 
Pre 7.20 0.35 7.67 6.54 29 

p>0.05 
post  8.21 0.05 8.31 7.99 29 

2nd-3rd Medial right rugae 
Pre 3.33 0.57 4.93 2.53 29 

p>0.05 
post  2.25 0.46 3.29 1.12 29 

 
Table 3: Descriptive statistic and paired t test between the pre- and post- treatment changes of the 

first palatal rugae points in relation to the medial palatal plane in 30 patients. 
Variable  Mean S Maximum Minimum Df  

1st Lateral left rugae Pre 8.69 0.10 8.86 8.5 29 
p>0.05 

Post 9.58 0.13 10.01 9.32 29 
1st Medial left rugae Pre 1.15 0.09 1.30 1.00 29 

p>0.05 
Post 2.03 0.09 2.17 1.88 29 

1st Lateral right rugae Pre 8.94 0.10 9.13 8.81 29 
p>0.05 

Post 9.25 0.05 9.35 9.18 29 
1st Medial right rugae Pre 3.06 0.20 3.45 2.69 29 

p>0.05 
Post 4.05 0.10 4.21 3.88 29 

 
Table 4: Descriptive statistic and paired t test between the pre- and post- treatment changes of the 

second palatal rugae points in relation to the medial palatal plane in 30 patients. 
Variable  Mean S Maximum Minimum Df  

2nd lateral left rugae 
Pre 9.09 0.18 9.32 8.83 29 

p>0.05 
Post 10.01 0.33 10.53 8.54 29 

2nd medial left rugae 
Pre 5.66 0.09 5.82 5.52 29 

p>0.05 
Post 6.51 0.21 7.01 5.64 29 

2nd lateral right rugae 
Pre 8.49 0.09 8.7 8.35 29 

p>0.05 
Post 7.45 0.05 7.52 7.32 29 

2nd medial right rugae 
Pre 4.06 0.20 4.31 3.74 29 

p>0.05 
Post 3.04 0.18 3.86 2.83 29 

 
Table 5: Descriptive statistic and paired t test between the pre- and post- treatment changes of the third 

palatal rugae points in relation to the medial palatal plane in 30 patients. 
Variable  Mean S Maximum Minimum Df  

3nd Lateral left rugae 
Pre 11.05 0.09 11.21 10.9 29 p>0.05 
Post 12.01 0.24 12.84 11.77 29 

3nd Medial left rugae 
Pre 5.92 0.09 6.1 5.74 29 p>0.05 
Post 6.88 0.57 9.88 6.63 29 

3nd Lateral right rugae 
Pre 12.09 0.09 12.25 11.95 29 p>0.05 
Post 13.02 0.10 13.1 12.78 29 

3nd Medial right rugae 
Pre 3.20 0.20 3.42 2.87 29 p>0.05 
Post 3.33 0.08 3.5 3.19 29 
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Discussion 
 

The evaluation of palatine rugae stability and the ability of using it in cast superimposition has a 
great help for a better orthodontic treatment outcome. Till now the stability of the palatal rugae area in 
Saudi patients has not been reported. Hence, this study was designed to investigate the stability of 
palatine rugae and the possibility of their use of cast superimposition in Saudi patients. The casts of the 
patients who were given headgear for anchorage rather than transpalatal arches or Nance appliance were 
used to avoid any effect of such appliances on the anatomy of the rugae area. 

Cast analysis was performed using computerized scanner to obtain standardized results (Almeida et 
al., 1995). In this study, the   stability of the rugae points in the transverse direction coincides with the 
findings of Van der linden (1978) and Almeida et al., (1995) who reported insignificant changes in the 
transverse direction when they studied the effect of orthodontic treatment on the positions of the lateral 
rugae points. However, the slight insignificant increase in the measurements of the lateral points of the 
first rugae recorded in our study could be explained according to Bailey et al. (1996). They believed 
that in case of first premolar extraction the transverse distance between the lateral points of the first 
rugae is changed due to the retraction of the maxillary anterior teeth to close the space. Also, Peavy and 
Kendrick (1967), said that "the closer the rugae are to the teeth, the more prone they are to stretch in 
the direction that their associated teeth move. In addition, there was slight decrease in the transverse 
measurements for the medial and lateral points of the second rugae which was statistically non-
significant. This finding might be a result from the decrease in the palatal arch circumference 
particularly the anterior part of it (Bailey et al., 1996). 

In this study, although there was a slight decrease in most the anteroposterior measures that is 
statistically non-significant, yet, there was stability of the rugae points in the anteroposterior direction 
for the second and third lateral rugae. The reported decrease in this direction could be explained 
according to Bailey et al. (1996) who suggested that the distal retraction of the maxillary anterior teeth 
for space closure after extraction could result in these changes in the anteroposterior measurements of 
the palatine rugae. However, the recorded unchanged measures between the second and third rugae 
points in the anteroposterior direction in the present study supports the findings of Hoggan and 
Sadowsky, (2001) and the conclusion of the stability of the rugae area. 

In the present study, the rugae points in all the measurements in relation to the median palatine raphe 
revealed stability except for a slight decrease in the values of the right second rugae which was 
statistically non-significant. From these findings and the whole results, it was concluded that the most 
stable rugae points were the points of the third rugae and this may be due to their presence away from 
the extraction position. Thus, they were the least affected by the distal retraction of the anterior teeth. 
Hence, it could be used as reference points for cast superimposition. These findings supports the results 
of Peavy and Kendrick (1967) who found that the third rugae are not markedly affected by the 
orthodontic treatment. Also, other studies proved that the posterior rugea are less affected by anterior 
teeth movement since they are away from it and the most stable rugae points to be used as a reference 
points are the third rugae points (Lysell, 1955; Abdel-Aziz and Sabet, 2001). 
 
Conclusions and recommendations 
 
      Palatine rugae showed stability following orthodontic treatment and tooth movement which 
presented no statistically significant effect on the position of the palatine rugae area. Hence, it could be 
used for cast analysis and superimposition. The most reliable points were found to be the lateral third 
rugae points which could be used as reference points for cast superimposition.    

For future studies, it is recommended to expand the sample size with wider age range.  
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