
Introduction
The palatal rugae constitute a section of the oral cavity 
roof, comprising connective tissue that envelops the 
maxillary bone, situated posterior to the incisive papilla 
and anterior to the hard palate.1 Rugae provide crucial 
functions in several oral activities, particularly tongue 
placement during mastication,2 suckling and chewing 
food in infants,3 and taste perception.4 

Goria implemented the initial classification in 1911.2 In 
1937, it was shown that palatal rugae begin to develop in 
the third month of gestation and maintain their pattern 
until death.5 Currently, 13 approaches for identifying rugae 
patterns have been documented by several researchers.2,6-9 

Multiple rugae patterns have been identified, including 
straight, curved, papillary, cross-linked, breaks, branch, 
wavy, annular (ring), converging, diverging, and others.6,7

Palatal rugae patterns are linked to dental malocclusion, 

facial skeletal growth, blood group types, periodontal 
diseases, dental caries, and other dental disorders.3,10-14

As mentioned, previous studies have emphasized the 
correlation between palatal rugae patterns and various 
phenomena, confirming their value as prognostic 
indicators for the emergence of related disorders. This 
study focuses on the correlation between palatal rugae 
patterns and tooth number in an Iranian population for 
the first time.

Tooth agenesis denotes the congenital absence of one or 
more teeth and their corresponding buds, classified into 
several categories based on the number of missing teeth. 
Hypodontia is characterized by the absence of one to six 
teeth, oligodontia is defined by the absence of more than 
six teeth, and anodontia refers to the total absence of all 
teeth or other dental structures.15

Genetic factors are a primary cause of agenesis.15 The 
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Abstract
Background: Studies have emphasized the correlation between palatal rugae patterns and various phenomena, confirming their 
value as prognostic indicators for the emergence of related disorders. This study aimed to evaluate, for the first time, the correlation 
between the rugae pattern and the anomalies in tooth number (particularly hypodontia) in a group of Iranian individuals.
Methods: The study divided 120 individuals into two categories based on tooth number: the control group, with a normal number 
of teeth, and the case group (hypodontia), those who had fewer teeth than normal. The rugae patterns were classified using the 
Modified Thomas and Kotze classification and Hauser classification, and their identification of the type of rugae pattern was done 
using both manual and non-manual methods. In addition, panoramic photographs were employed to determine the number of 
teeth. Data analysis was done using the chi-square test, Fisher’s exact test, and one-way ANOVA.
Results: In this study, wavy rugae were the most prevalent pattern. Additionally, it was found that molars were the most frequently 
missing teeth in the case group. There was a significant difference between the two groups regarding the presence of left-diverging 
(P = 0.02) and right-diverging patterns (P = 0.03), such that individuals with a right-diverging pattern had a 2.3-fold likelihood, and 
those with a left-diverging pattern had a 0.4-fold likelihood of developing hypodontia.
Conclusion: Individuals who have a right-diverging pattern are more likely to develop hypodontia, while those who have a left-
diverging pattern are more likely to have normal dentition.
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Sonic Hedgehog gene (SHH), expressed in the epithelium 
of palatal rugae in the oral cavity, plays a role in dental 
disorders.16 The Wingless-related integration site (WNT) 
and Bone morphogenetic protein (BMP) Signaling 
pathways are primary mediators of tooth development, 
and obstruction of these pathways can impede tooth 
development.3 

Given that palatal rugae patterns are affected by 
nationality and ethnicity1, further research in this domain 
is necessary, as findings may differ among various 
ethnicities within a country. Palatal rugae patterns have 
been examined in a limited number of studies worldwide; 
however, none have been conducted among the Iranian 
population. This gap in research was the primary reason 
for conducting this study. Nevertheless, few studies have 
examined rugae patterns in the Iranian population, 
mainly emphasizing their use in medico-legal applications 
and forensic identification.17-19 The influence of various 
ethnicities on palatal rugae patterns has also been studied 
recently.1,20 Furthermore, given the considerable influence 
of gender on rugae patterns, it was essential to maintain a 
balanced representation of male and female participants in 
this study.20,21 Therefore, this study aimed to determine the 
palatal rugae patterns and explore their relationship with 
hypodontia in an Iranian population for the first time.

Material and methods
Patients
The study population consisted of patients visiting the 
treatment departments of Shahid Beheshti Dental School, 
together with records from the orthodontics archive. Data 
collection involved high-quality panoramic radiographs, 
upper jaw plaster casts, and photographs, along with 
tables related to rugae shapes. Accordingly, this study can 
be considered a retrospective study.

The inclusion criteria for this study were as follows3: 
•	 Participants were required to have reached an age 

sufficient for complete permanent dentition, as 
determined by radiography, with a minimum age of 
10.28 ± 1.66 years to evaluate the calcification of the 
last permanent tooth (third molar). 

•	 Participants were required to have one or more 
missing teeth, and their rugae patterns had to be 
accurately documented.

The exclusion criteria included3, 22:
•	 Patients with congenital craniofacial anomalies, cleft 

lip and palate, severe transverse maxillary deficiency, 
and palatal scar tissue.

•	 Individuals with a history of maxillofacial surgery.
•	 Participants who had previously undergone 

orthodontic treatment.
•	 Casts lacking accurate documentation of rugae 

patterns.
Sampling was performed using a random sampling 

technique, with 60 participants selected for each group 

according to previous studies.3,22,23 This research comprised 
two groups: Group A (control group), consisting of 
individuals with normal dentition (32 permanent teeth), 
and Group B (study group), comprising individuals 
with hypodontia, characterized by having fewer than the 
normal number of teeth (one to six teeth missing).

Classification of Palatal Rugae Patterns
This study employed the Modified Thomas and Kotze 
classification and Hauser classification for determining 
palatal rugae patterns, which is considered more 
comprehensive than alternative classification systems.24 
Syed et al. highlighted the acceptability of this method.25 
In this classification, shown in Figure 1, rugae patterns are 
divided into ten distinct categories, each with specific names 
and shapes. Rugae morphologies that did not conform to 
known classifications were categorized as “nonspecific,” a 
category also used in other investigations1. Furthermore, 
Gupta’s study reported that the morphological pattern of 
palatal rugae remains more stable over time compared 
with their quantitative parameters.26; hence, this study 
utilized a categorization system based on rugae shape. 

Methods for Determining Palatal Rugae Patterns
Two methods have been proposed for determining 

Figure 1. The Modified Thomas and Kotze classification and Hauser 
classification for palatal rugae patterns
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palatal rugae patterns: manual (using graphite pencils) 
and non-manual (using images). This study utilized 
both methods to collect a sufficient number of samples. 
In the manual method, rugae prominences were colored 
on plaster casts using black or red graphite pencils, 
thereby delineating the rugae pattern. This examination 
was conducted under adequate lighting with direct 
observation, and a magnifying glass was used when 
necessary (Figure 2).

In the non-manual method, the number of teeth was 
determined using the faculty dental database through 
panoramic radiographs, while the palatal rugae patterns 
were examined using photographs of the upper jaw. 
Using these two methods, data on the shape, number, and 
distribution of rugae on both sides of the upper jaw were 
collected (Figure 3).

Methods for Determining Tooth Number
To ascertain the number of teeth, both erupted and 
unerupted tooth buds were assessed using panoramic 
images. This information was documented in a checklist 
for each patient and subsequently counted and analyzed.

Statistical Analysis
In this study, the chi-square test or Fisher’s exact test was 
used to analyze the relationships among the variables. 
Additionally, a one-way ANOVA test was utilized to assess 
mean differences of quantitative variables across more 

than three groups. Data analysis was conducted using 
SPSS software version 27.0, and a P-values less than 0.05 
were considered statistically significant.

Results
In this study, 120 participants (71.7% female and 28.3% 
male) were divided into two groups: a control group 
(normal), consisting of 60 individuals (75% female and 25% 
male), and a case group (hypodontia), also comprising 60 
individuals (68.3% female and 31.7% male). There was no 
significant difference in gender distribution between the 
two groups (P = 0.34) (Table 1). The participants ranged 
in age from 10 to 42 years, with a reported mean age of 
17.66 ± 6.6 years. In the control group, participants were 
aged 10 to 42 years with a mean age of 15.9 ± 5.5 years, 
while the case group ranged from 11 to 42 years with a 
mean age of 19.4 ± 7.2 years.

The average number of missing teeth among all study 
participants was 1.18 ± 1.5. For the hypodontia group, the 
average number of missing teeth was higher at 2.37 ± 1.31, 
with a range of 1–6 in this group. 

In the hypodontia group, four individuals were missing 
anterior teeth, seven were missing premolars, 42 were 
missing molars, six were missing both premolars and 
molars, and one was missing both anterior and molar teeth. 
The most frequently absent teeth were molars, comprising 
70% of cases. A total of 140 teeth were reported as missing 
in the hypodontia group, including:

Figure 2. Delineation of rugae using a black graphite pencil 

Table 1. Frequency of gender distribution in all participants in the control and case groups

Gender Control (normal) Frequency (%) Case (hypodontia) Frequency (%) Total Frequency (%) P value

Male 15 (25) 19 (31.7) 34 (28.3) 0.34

Female 45 (75) 41 (68.3) 86 (71.7)

Total 60 (100) 60 (100) 120 (100)

Figure 3. Using photography to record rugae
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•	 2 central incisors (1.4% prevalence)
•	 4 lateral incisors (2.8% prevalence)
•	 1 canine (0.7% prevalence)
•	 8 first premolars (5.7% prevalence)
•	 14 second premolars (10% prevalence)
•	 5 first molars (3.6% prevalence)
•	 4 second molars (2.8% prevalence)
•	 102 third molars (approximately 73% prevalence)

Table 2 compares the overall frequency of rugae 
patterns in all study participants and the control and case 
groups. The highest frequency of rugae patterns among 
all study participants was observed for the wavy pattern, 
present in 94 individuals, corresponding to 78.3% of the 
total participants. In addition, the wavy pattern was the 
most common in the control (normal) group, found in 46 
individuals (76.7%), while in the hypodontia group, it was 
present in 48 individuals (80%). A statistically significant 
difference was observed between the frequencies of right-
diverging and left-diverging patterns in both the normal 
and hypodontia groups, with p-values of 0.03 and 0.02, 
respectively. Additionally, among all study participants, 
the wavy pattern had the highest mean frequency 
(1.79 ± 1.49). In the control group, the mean number of 
the wavy pattern was 1.86 ± 1.55, while in the hypodontia 
group, it was 1.71 ± 1.43. However, no statistically 
significant difference was found between these two groups 
regarding this pattern.

Table S1 illustrates the frequency of different types 
of rugae patterns in women across both groups. The 
highest frequency of the rugae patterns among all female 
participants in the study was associated with the wavy 
pattern, observed in 67 individuals, which corresponds to 
77.9% of the total women. In the control (normal) group, 
the wavy pattern was also predominant, observed in 36 
women, accounting for 80% of female participants in that 
group. Conversely, in the hypodontia group, the most 
common pattern was curved, identified in 32 women, 
accounting for 78% of female participants in that group. In 
both groups, there was no significant difference regarding 
any rugae patterns in the female population.

Among male participants, the wavy pattern was the 
most frequent, observed in 27 individuals, representing 
79.4% of all men. In the control group, this pattern was 
found in 10 men (66.7%), while in the hypodontia group, 
it was present in 17 men, constituting 89.5% of male 
participants in that group. For male participants, the wavy 
pattern was detected in 27 individuals, accounting for 
79.4% of all men. This pattern was observed in 10 men 
(66.7%) in the control group, whereas in the hypodontia 
group, it was evident in 17 men, accounting for 89.5% of 
the male participants (Table S2).

Finally, the findings revealed that patients with a right-
diverging pattern were 2.3 times more likely to develop 
hypodontia than those without this pattern.
•	 (OR = 2.347, 95% CI: 1.067–5.162)

Furthermore, the likelihood of developing hypodontia 
for individuals with a left-diverging pattern was 
approximately 0.4 times that of those without this pattern.
•	 (OR = 0.388, 95% CI: 0.168–0.897)

Discussion
Palatal rugae patterns are linked to several features, 
including the number of teeth. The SHH gene and the 
genetic pathways BMP and WNT are major factors 
influencing this association, as they are integral to tooth 
development and rugae patterns.3,16

To date, only a limited number of studies worldwide 
have investigated the correlation between rugae patterns 
and tooth count.3,22,23 Nonetheless, the lack of studies on 
this subject in Iran highlights the necessity of the present 
investigation.

The results are consistent with the study of Heydari et al. 
in an Iranian community,27 demonstrating that the wavy 
pattern was the most common rugae pattern in the studied 
population, irrespective of the type of disease. Similar to 
this study, Sheikhi et al. found that the straight pattern 
was the most common, followed by the wavy pattern.18 

Furthermore, Rahebi et al. investigated the association 
between rugae patterns and ethnicity among the Iranian 
population, discovering that the most common rugae 
pattern among the Fars ethnic group was wavy, which is 
consistent with our findings. For the Turkmen and Sistani 
ethnic groups, straight was the most common pattern, 
followed by the wavy pattern1. Similar findings have 
been reported in other communities, including a study 
conducted in Brazil by Silva-Sousa et al., who discovered 
that the wavy pattern was the most common.22 In contrast, 
Armstrong et al. showed that the curved pattern was the 
most prevalent in England, followed by the wavy pattern 
3. Ethnicity, race, gender, and population sample size 
may explain discrepancies across studies conducted in 
different areas.1,20

In this study, the most common rugae pattern among 
participants with a normal number of teeth was the wavy 
pattern, consistent with the findings of Armstrong et al.3 
in an English population and Silva-Sousa et al.22 in Brazil. 
Similarly, the wavy pattern was the most predominant 
rugae pattern in the hypodontia group, consistent with 
the results of Silva-Sousa et al.22 However, in the studies 
of Armstrong et al3 and Moran et al,23 both conducted in 
English populations, the most common pattern was the 
curved pattern. Such differences may be attributed to 
differences in ethnicity and nationality.20

In this study, both groups—those with a normal number 
of teeth and those with hypodontia—exhibited the highest 
average number of rugae for the wavy pattern. Moreover, 
no statistically significant difference was observed in the 
average number of different rugae patterns between the 
two groups. As the average number of rugae in each group 
has not been reported or analyzed in previous studies, this 
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Table 2. Comparison of the overall frequency of rugae patterns in all study participants and each of the control and case groups

Rugae Pattern Status Control (normal) Frequency (%) Case (hypodontia) Frequency (%) Total Frequency (%) P value

Straight left Absent 31 (51.7) 27 (45) 58 (48.3) 0.46

Present 29 (48.3) 33 (55) 62 (51.7)

Straight right Absent 28 (46.7) 33 (55) 61 (50.8) 0.36

Present 32 (53.3) 27 (45) 59 (49.2)

Straight total Absent 19 (31.7) 17 (28.3) 36 (30) 0.55

Present 41 (68.3) 43 (71.7) 84 (70)

Mean ± SD 1.56 ± 1.74 1.40 ± 1.29 1.48 ± 1.52 0.69

Curved left Absent 31 (51.7) 23 (38.3) 54 (45) 0.14

Present 29 (48.3) 37 (61.7) 66 (55)

Curved right Absent 28 (46.7) 27 (45) 55 (45.8) 0.85

Present 32 (53.3) 33 (55) 65 (54.2)

Curved total Absent 17 (28.3) 15 (25) 32 (26.7) 0.29

Present 43 (71.7) 45 (75) 88 (73.3)

Mean ± SD 1.43 ± 1.34 1.70 ± 1.40 1.56 ± 1.37 0.68

Wavy left Absent 25 (41.7) 27 (45) 52 (43.3) 0.71

Present 35 (58.3) 33 (55) 68 (56.7)

Wavy right Absent 20 (33.3) 25 (41.7) 45 (37.5) 0.35

Present 40 (66.7) 35 (58.3) 75 (62.5)

Wavy total Absent 14 (23.3) 12 (20) 26 (21.7) 0.58

Present 46 (76.7) 48 (80) 94 (78.3)

Mean ± SD 1.86 ± 1.55 1.71 ± 1.43 1.79 ± 1.49 0.65

Annular/ring left Absent 50 (83.3) 50 (83.3) 100 (83.3) 1

Present 10 (16.7) 10 (16.7) 20 (16.7)

Annular/ring right Absent 49 (81.7) 53 (88.3) 102 (85) 0.31

Present 11 (18.3) 7 (11.7) 18 (15)

Annular/ring total Absent 44 (73.3) 46 (76.7) 90 (75) 0.54

Present 16 (26.7) 14 (23.3) 30 (25)

Mean ± SD 0.35 ± 0.63 0.28 ± 0.55 0.31 ± 0.59 0.67

Papillary left Absent 54 (90) 54 (90) 108 (90) 1

Present 6 (10) 6 (10) 12 (10)

Papillary right Absent 48 (80) 54 (90) 102 (85) 0.12

Present 12 (20) 6 (10) 18 (15)

Papillary total Absent 44 (73.3) 48 (80) 92 (76.7) 0.15

Present 16 (26.7) 12 (20) 28 (23.3)

Mean ± SD 0.33 ± 0.60 0.20 ± 0.40 0.26 ± 0.51 0.38

Cross-linked total Absent 56 (93.3) 57 (95) 113 (94.2) 0.52

Present 4 (6.7) 3 (5) 7 (5.8)

Mean ± SD 0.08 ± 0.33 0.05 ± 0.21 0.06 ± 0.28 0.69

Branch total Absent 50 (83.3) 43 (71.7) 93 (77.5) 0.10

Present 10 (16.7) 17 (28.3) 27 (22.5)

Mean ± SD 0.18 ± 0.43 0.33 ± 0.57 0.25 ± 0.51 0.12

Breaks total Absent 51 (85) 53 (88.3) 104 (86.7) 0.84

Present 9 (15) 7 (11.7) 16 (13.3)

Mean ± SD 0.15 ± 0.36 0.16 ± 0.52 0.15 ± 0.44 0.59

Converging total Absent 51 (85) 51 (85) 102 (85) 1

Present 9 (15) 9 (15) 18 (15)
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information is unique to the present research and cannot 
be compared with other findings.

The mean number of missing teeth in the hypodontia 
group of the present study exceeded that reported by 
Armstrong et al3 in an English population, yet was lower 
than the values reported by Moran et al23 and Silva-
Sousa et al22 in studies conducted in England and Brazil, 
respectively. However, the molar was the most often 
absent tooth in this investigation, which is consistent with 
the findings of Silva-Sousa et al. in Brazil.22

The most common rugae pattern among female 
participants was the wavy pattern. In contrast, Sheikhi et 
al. found that the most prevalent pattern among Iranian 
women was the straight pattern, followed by the wavy 
pattern.18 Furthermore, Rahebi et al. discovered that 
among Fars women, the wavy pattern was predominant, 
whereas in Sistani and Turkmen women, the most 
common patterns were straight and wavy, respectively1. In 
this study, the most common rugae pattern among women 
in the normal group was the wavy pattern, while in the 
hypodontia group, the predominant pattern was curved.

Similarly, among men, the wavy pattern was the most 
prevalent across all participants, regardless of the number 
of teeth. However, in Sheikhi et al.’s study within the Iranian 
community, the most common patterns among men were 
reported as straight, followed by wavy.18 Additionally, 
Rahebi et al. found that among Fars men, the wavy pattern 
was predominant, but for Sistani and Turkmen men, the 
most common pattern was straight, with wavy being the 
second most frequent.1

In the hypodontia group of this study, the wavy pattern 
also had the highest prevalence among men. In contrast, 
in the normal group of men, the wavy, curved, and straight 
patterns were equally common.

In summary, a significant difference was found between 
individuals with a normal number of teeth and those 
with hypodontia regarding the presence of the diverging 
pattern. Specifically, individuals with this pattern on the 
right side of their palate had a 2.3-fold higher chance of 

developing hypodontia, while those with the pattern on 
the left side had a 0.4-fold lower chance of the condition. 
Additionally, Armstrong et al.’s study in an English 
population also reported a significant difference between 
rugae pattern shapes and tooth count, indicating that 
individuals with a wavy pattern had a greater likelihood 
of normal dentition, whereas those with a curved pattern 
had a higher chance of hypodontia.3 Conversely, in Silva-
Sousa et al.’s research in Brazil, which utilized a different 
classification method for rugae, a significant relationship 
was observed between rugae length and tooth count, 
highlighting that the absence of secondary or fragmentary 
rugae was associated with hypodontia.22

Conclusion
Based on the findings of this study, it can be concluded 
that individuals with a diverging pattern on the right 
side of their palate are likely to have a higher chance 
of developing hypodontia. Conversely, those with this 
pattern on the left side are likely to have a normal number 
of teeth. 

Limitations
A limitation of this study was the high cost and limited 
accessibility of the scanners and digital measuring 
instruments required to assess rugae patterns. 
Furthermore, obtaining a sufficient quantity of samples 
with hypodontia was challenging.
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