Cureus

Article

Review began 10/15/2022
Review ended 12/09/2022
Published 12/20/2022

© Copyright 2022
Alshammari et al. This is an open access
article distributed under the terms of the

Creative Commons Attribution License CC-

BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and
source are credited.

Open Access Original

DOI: 10.7759/cureus.32731

The Posterior Extension of the Palatal Rugae as
an Anatomical Constraint for Soft Tissue Grafts in
a Saudi Arabian Population

Abdulsalam Alshammari > > % | Fathima Fazrina Farook !> 2 ® | Lulu A. Alyahya !> 2 Maha N. AlHarbi 1> 2,
Norah N. Alazaz !> 2, Lubna AlKadi 1 % ° | Farraj Albalawi 1 % % | Ali A. Aboalela ! 2 3

1. College of Dentistry, King Saud Bin Abdulaziz University for Health Sciences, Riyadh, SAU 2. Research and
Development, King Abdullah International Medical Research Center, Riyadh, SAU 3. Dental Hospital, Ministry of
National Guard for Health Affairs, Riyadh, SAU

Corresponding author: Fathima Fazrina Farook, fazrinff@gmail.com

Abstract
Background

The purpose of this study was to investigate the distal extension of the palatal rugae area as an anatomical
constraint on the harvesting of palatal soft tissue grafts in a Saudi Arabian population. Additionally, factors
that could affect or predict the extension were considered.

Methods

Three hundred seventy-four (374) dental casts from Saudi nationals currently residing in Riyadh (170 males
and 204 females) were included. Two independent observers used a standardized probe to measure the
posterior extent of the rugae on each stone cast bilaterally on a horizontal base. A sharp graphite pencil was
used to mark the measurements from the origin of the rugae to their terminal ends on the cast, and a
magnification lens was used to identify them. Using this technique, the most posterior extension of the
rugae was marked and then analyzed. The normal approximation test for binomial distribution was used to
determine the proportion of the subjects with rugael extensions beyond the mesial end of the upper second
premolar, and logistic regression was used to see the association of this extension with other factors.

Results

The asymptotic chi-squared (p = 0.0002) McNemar tests revealed that the posterior distal extension of the
rugae was not the same on both sides. A normal approximation test for the left side with 95% confidence
intervals (CIs) with the “rugael extension proximal to the mesial end of the upper second

premolar” category considered “success” found that the proportion of upper second premolars with rugael
extensions proximal to the mesial end was not significantly different to the proportion of rugael
extensions beyond the mesial end of the upper second premolars (95% CI: 48.69%-58.79%, p = 0.147).

Conversely, the proportion of the upper second premolars with rugael extensions proximal to the mesial end
was significantly lower than that beyond the mesial end on the right (95% CI: 35.92%-45.89%, p =
0.00004). Gender, age, and palatal shape did not significantly affect the posterior extension of palatal rugae.

Conclusions

The palatal rugae on the left side of a sample of the Saudi Arabian population do not considerably extend
beyond the upper second premolar mesial aspect, which may provide reliable soft tissue grafts for esthetic
mucogingival surgery.

Categories: Plastic Surgery, Other, Dentistry
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Introduction

Palatal rugae are elevations found on the anterior part of the palatal mucosa, behind the incisive papilla.
Rugae palatinae and plicae palatinae transversae are synonyms of palatal rugae. Rugae are composed of
three to seven ridges radiating from the incisive papilla (just anterior to the incisive foramen) tangentially
[1-3].

Numerous classification methods exist for palatal rugae based on number, extent, shape, and type [4]. In
addition to serving as a reference landmark in dentistry, they also support the identification of submucosal
clefts. Anatomically, they are positioned to aid in oral swallowing, suction in children, food crushing, taste
perception, and speech, especially in the production of “s” and “sh” phonemes. Rugae influence the
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mechanical properties of food and the position of the tongue [4]. Palatal rugae are highly individual and
remain consistent in shape throughout life, and palatal rugae can be used as an alternative method of
postmortem identification [2-5]. Studies of palatal rugae have been conducted for a range of purposes,
including anthropology, genetics, comparative anatomy, orthodontics, forensic odontology, and
prosthodontics [1,6-9].

Soft tissue graft donor sites are limited by the posterior extent of the rugae. Oral and periodontal soft tissue
augmentation procedures typically utilize free epithelialized grafts and subepithelial connective tissue
grafts from the hard palate and tuberosity [10-14]. Several procedures can be performed, including the
augmentation of keratinized tissues, the treatment of gingival recessions, and the correction of localized
defects on the alveolar ridge [15,16]. The most preferred source for such grafts is the keratinized mucosa of
the maxillary premolars attached to the palatal mucosa [10].

Since rugae tend to retain their particular shape and will reestablish if incised from a free gingival

graft, they result in a long-lasting esthetically unpleasant appearance if removed within a

soft tissue graft. Palatal rugae present an anatomical barrier to free gingival grafts due to their unesthetic
appearance. Considering the posterior extension of the palatal rugae, the hard palate may not be a suitable
soft tissue donor site for mucogingival procedures [17,18]. It is crucial to understand the extent of palatal
rugae posteriorly because that can limit soft tissue palatal grafts at the anterior level.

Despite the significance of such knowledge, there is insufficient literature on the distal extent of rugae. To
date, only one study investigated the distal extension of the rugae area in a Jordanian (Middle Eastern)
population [19]. Interestingly, rugae patterns differ among ethnicities, and studies demonstrated a
substantial correlation between various characteristics, including the length, form, orientation, and
unification of rugae and ethnicity [1], as well as a substantial correlation between rugae shapes and
ethnicity [20-27].

It is beneficial to determine the distal extent of rugae in a Saudi Arabian population due to the variation in
patterns between ethnic groups. Research on this population has so far focused on rugae characteristics,
individuality, and gender specificity [24,28,29]. The purpose of this study was to determine the posterior
extent of the rugae area in a Saudi Arabian population as a surgical limitation affecting the decision to
harvest soft tissue grafts from the palatal area.

Materials And Methods

This cross-sectional study was conducted at the College of Dentistry, King Saud Bin Abdulaziz University for
Health Sciences, between August 2021 and August 2022. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) was followed as a cross-sectional checklist. The college obtained
informed consent from all participants and parents/legal guardians of participants to use casts and
investigations for research purposes and study participation prior to any dental treatment.

Sample size estimation

Using a two-sided Z-test with S(P0) to estimate the standard deviation and an alpha level of 0.050, a sample
size of 374 achieved a 93% power to detect a difference (P1-P0) of 0.1. This result is based on the
assumption that the population proportion under the null hypothesis is 0.5000. Power Analysis and Sample
Size (PASS) 2020 version 20.0.4 (Number Cruncher Statistical Systems (NCSS), LLC, Kaysville, UT, USA) was
used to calculate the sample size.

In total, 500 dental casts from the database of the college were evaluated. The dental casts were selected
from the participant database. The eligibility criteria were as follows: Saudi nationals, age above 16 years,
currently living in Riyadh, and with full maxillary dentition (except for third molars).

Casts were excluded if patients had a history of a disease, surgery to the palate or tuberosity, any dental
appliances in the maxilla, previous orthodontic treatment, extracted or congenitally missing premolars,
medications that may affect the periodontal soft tissues, or malpositions or misalignments of the maxillary
posterior teeth.

There were a total of 374 eligible casts (170 (45.45%) males and 204 (54.55%) females) from the main
population of Saudi Arabia. Every cast was given a serial number, and the gender and age of the patient were
also marked on each cast. Institutional Review Board approval was obtained from King Abdullah
International Medical Research Center for the study (IRB number: NRC21R/246/06).

A standardized probe was used to measure the posterior extent of the rugae. Two independent observers (LA
and MA) took all the measurements in a well-illuminated room. Each stone cast was evaluated bilaterally on
a horizontal base. A sharp graphite pencil was used to mark the measurements from the origin of the rugae
to their terminal ends on the cast (Figure 7), and a magnification lens was used to identify them. Using this
technique, the most posterior extension of the rugae was marked and analyzed.
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FIGURE 1: a: Recording parameter of the distal extension of rugae on
the left side of the palate. b: Recording parameter of the distal
extension of rugae on the right side of the palate.

Statistical analysis

The proportion of participants with rugael extensions beyond the mesial end of the upper second premolar
was estimated using the normal approximation test with a 95% confidence interval (CI) on a sample of 374
subjects. A “rugael extension proximal to the mesial end of the upper second premolar” was considered
successful. Logistic regression tests were used to check for significant associations with potentially
contributing factors including age, gender, and jaw type (U-shaped and V-shaped palate). The agreement
between the two raters was tested using Cohen’s Kappa inter-rater agreement. Analysis was performed
using Number Cruncher Statistical Systems (NCSS) 2020 statistical software, statistical hypothesis tests were
two-tailed, and the criteria for statistical significance were p < 0.05.

Results

The study included 374 participants in total. The rugae extended beyond the mesial end of the upper second
premolar on the right side of the palate in 221 (59.09%) participants. Among the rugae on the left side, fewer
than half (n = 173, 46,25%) extended beyond the upper second premolar’s mesial end. The implication is
that on the left side of the palate, a greater percentage of the rugae did not extend beyond the mesial end of
the upper second premolar. The distribution of the posterior furthermost extension of palatal rugae on both
the right and left sides of the participants is shown in Table 1.
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Posterior
most
extension of

the rugae

Mesial of the

first premolar

Distal of the

first premolar

Mesial of the
second

premolar

Distal of the
second

premolar

Mesial of the

first molar

Distal of the

first molar

Mesial of the
second

molar

Total

Palatal shape

U shape/LS
(number (%))
(306 (81.81))

13 (4.24)

35 (11.44)

119 (38.89)

109 (35.62)

26 (8.49)

4 (1.30)

0(0)

306 (100)

U shape/RS
(number (%))
(306 (81.81))

8(2.61)

25 (8.17)

88 (28.76)

148 (48.37)

34 (11.11)

3(0.98)

0(0)

306 (100)

V shape/LS
(number (%))
(68 (18.18))

2(2.94)

11 (16.18)

21(30.88)

27 (39.71)

7(10.29)

0(0)

0(0)

68 (100)

V shape/RS
(number (%))
(68 (18.18))

1(1.47)

11 (16.18)

20 (29.41)

25 (36.76)

11 (16.18)

68 (100)

Gender

Female/LS
(number (%))
(204 (54.55))

7(3.43)

25 (12.25)

80 (39.22)

75 (36.76)

14 (6.86)

3(1.47)

0(0)

204 (100)

Female/RS
(number (%))
(204 (54.55))

4(1.96)

18 (8.82)

60 (29.41)

95 (46.57)

25 (12.25)

2(0.98)

0(0)

204 (100)

Male/LS
(number
(%)) (170
(45.45))

8 (4.71)

21 (12.35)

60 (35.29)

61 (35.88)

19 (11.76)

1(0.59)

0(0)

170 (100)

Male/RS
(number
(%)) (170
(45.45))

5(2.94)

18 (10.59)

48 (28.24)

78 (45.88)

20 (11.76)

1 (0.59)

0(0)

170 (100)

Sides

(number

(%))

15
(4.01)

46
(12.30)

140
(37.43)

136
(36.36)

33
(8.82)

4(1.07)

0(0)

(100)

Right
(number

(%))

9(2.41)

36
(9.63)

108
(28.88)

173
(46.26)

45
(12.03)

3(0.8)

0(0)

374
(100)

TABLE 1: Percentage distribution of the posterior extension of the palatal rugae in relation to the
teeth and according to the side, gender, and palatal shape.

LS: left side, RS: right side
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The asymptotic chi-squared (p = 0.0002) McNemar tests to assess the bilateral symmetry in the posterior
extension of the palatal rugae indicated that there is enough evidence to reject the null hypothesis. The

distal extension of the rugae is not the same on both sides. The trend has been depicted in Figure 2. The X-

axis represents the site of the distal-most extension of rugae on the right side of the palate. The Y-axis
represents the percentage symmetry with the left side of the palate. As seen in the figure, the bilateral

symmetry of the distal-most extension of palatal rugae was greater than 60% for the distal first molar, the

mesial of the first molar, and the distal of the second premolar. Even if the distal extension of the palatal
rugae on the right side did not completely match the left side of the palate, it would still match a closer

location and not vary greatly from the right side.
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FIGURE 2: Percentage of bilateral symmetry in the distal rugael
extension (left matching with the right as a percentage).

DFM: distal of the first molar, DFP: distal of the first premolar, DSP: distal of the second premolar, MFM: mesial of
the first molar, MFP: mesial of the first premolar, MSP: mesial of the second premolar

For the right side

The posterior extension of the palatal rugae in 153 (40.90%) out of the 374 randomly selected participants
was proximal to the mesial aspect of the second premolar and 221 (59.09%) beyond the mesial end of the
second premolar.

The normal approximation test performed with 95% CI with the “rugael extension proximal to the mesial
end of the upper second premolar” considered to be the category of “success” revealed that the proportion
with rugael extensions proximal to the mesial end of the upper second premolar was significantly lower than
the proportion beyond the mesial end of the upper second premolar (95% CI: 35.92%-45.89%, p = 0.00004).

For the left side

Of the 374 randomly selected participants, in 201 (53.74%), the posterior extension of the palatal rugae was
proximal to the mesial aspect of the second premolar, and 173 (46.25%) had the rugae extension beyond the
mesial end of the second premolar.

The normal approximation test performed with 95% CI with the “rugael extension proximal to the mesial
end of the upper second premolar” considered to be the “success” category revealed that the proportion with
rugael extensions proximal to the mesial end of the upper second premolar was not significantly different

to the proportion beyond the mesial end of the upper second premolar (95% CI: 48.69%-58.79%, p = 0.147).

Logistic regression was performed to determine the effect of age, gender, and palatal shape on the likelihood
that participants have the rugael extensions mesial to the second premolar bilaterally. The logistic
regression model was not statistically significant (p > 0.05). The overall model fit was 23.78%

(Nagelkerke R2) for the left side and 28.81% for the right side of the palate. None of the predictors
contributed significantly to the outcome (p > 0.05). There was a good inter-rater agreement between the
findings of the two raters with a Kappa coefficient of 0.95.

Discussion

Recently, numerous studies investigated palatal rugae patterns, form, orientation, and unification in
particular racial groups [1,28,30-32]. Palatal rugae in mammalians are specie-specific [33]. Differences in
ethnicity are associated with genetic variation [32], distinct patterns of tooth movement brought on by
crowding and wear, and changes in the extent of palatal growth and pattern.

To our knowledge, this study is the first to investigate the bilateral symmetry of the distal-most extension of
palatal rugae and its extension relative to the teeth as an anatomical constraint for soft tissue graft
harvesting in the Saudi Arabian population. In addition, the study also investigated the relationship between
gender, age, palatal shape, and rugael distal extension.
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We found a right-left asymmetry concerning the posterior-most extension of the palatal rugae, although a
pattern existed on both sides (Figure 2). Interestingly, in contrast to the right side, which showed a
significantly lower proportion of rugael extension proximal to the mesial end of the upper second premolar,
the left side of the palate revealed no significant difference between the proportion of rugael extension
proximal to the mesial of the upper second premolar versus beyond the mesial end of the upper second
premolar. No significant relationship between age, palatal shape, and gender, and the palatal rugae
extension was found.

The preferred place to harvest grafts is from the canine-premolar region, 8-13 mm from the midpalatal face
of each tooth [34]. The greater palatine bundle is less at risk in this location; however, the presence of the
rugae increases the chance of an undesirable cosmetic result, especially with free gingival grafts [34]. There
is not much information about the effect of transplanting tissue from the rugae-containing anterior palate.
Although gingivoplasty was performed two months after surgery, Breault et al. observed palatal folds
preserved in free gingival grafts nine years after surgery [35], and Soehren et al. reported two occurrences of
retained rugae in 20 investigated free gingival graft biopsies [11]. Despite the efforts to remove them, the
transplanted rugae remained a permanent fixture at the recipient site. According to Coslet et al. [10] and
Breault et al. [35], the underlying connective tissue determines the features of the epithelium [10,36,37], and
because rugae in the palatal donor tissue usually reappear months after treatment, clinical removal does not
permanently improve the topography. Grafts must not contain rugae from the anterior region of the palate,
according to Wolf and Rateitschak-Pluss [38]. Cohen advised that donor tissue be obtained from the posterior
portion of the palate, distant to the anterior rugae, as this region had the least quantity of submucosa and
the broadest gingival zone [39]. The fact that rugae extend posteriorly to the premolars, both mesiodistally
and mediolaterally, complicates the issue further. These anatomical landmarks should be avoided when
harvesting grafts for cosmetic reasons [35].

Although there is sufficient literature illustrating right-left rugae asymmetry concerning shape, number,
length, and/or direction [7,24,40], this is the first study to explore the bilateral symmetry of the posterior
extension of the palatal rugae. A significant difference between the extension of rugae on either side of the
palate was demonstrated in this study, confirming the findings in earlier studies illustrating the
asymmetrical nature of the palatal rugae in terms of number, length, shape, and/or direction [41-44]. The
assumption is that the Saudi population uses teeth on the right side for mastication more than the left side,
resulting in less strength and fewer rugae characteristics. The study by Syed et al. could be an explanation
for the reduced distal extension of the palatal rugae on the left side [40].

In contrast to a study in a Jordanian population that found a greater percentage of rugae (90%) extended up
to the upper second premolar and 78.3% further extended beyond the mesial aspect of the premolar [19], our
findings showed a comparatively lesser percentage; fewer than half (n = 173, 46.25%) extended beyond the
upper second premolar’s mesial end on the left side and 59.09% on the right side of the palate. However, the
Jordanian study had not taken the sides into account in their evaluation [19]. To avoid the unattractive
implantation of palatal rugae in the Saudi Arabian population, obtaining a soft tissue graft from the region
on the left side may be the most suitable option.

Contrary to the literature suggesting moderate gender differences in the number, length, size, and direction
of rugae, the current study found no significant correlation concerning gender [28,45]. However, the studies
did not account for the posterior extension of palatal rugae. Additionally, it was found that there was no
significant influence of age or palatal shape on the posterior extension of the rugae. This is similar to the
findings of the study by Said et al. [19].

Strengths

An important strength of the study is the exclusion of participants using removable appliances, thereby
reducing the possibility of mechanical stress to the palatal mucosa. By doing so, confounding factors and
other factors that might influence rugael morphology and the findings of this study were minimized. The
sample was primarily composed of people aged 15-48 years, which is the target group for periodontal
mucogingival surgery, which mandates collecting soft tissue grafts from the hard palate. The current study
also showed an almost similar distribution in gender. The adequate sample size and the use of two raters
with good inter-rater reliability are additional strengths, which increase the ability to extrapolate the results
to a broader population.

Limitations

In light of the possible regional variations that can occur in Saudi Arabia, multicenter studies may be
warranted to increase the evidence further.

Finally, evidence from this study suggests that the left side of the Saudi Arabian hard palate is preferred for
harvesting soft tissue grafts over the right side. Rugae only slightly limit the anatomical possibilities for
harvesting soft tissue grafts on the left side than the right side of the palate. It is also noteworthy to
remember that future research is necessary to study the potential danger of taking soft tissue grafts from
deeper regions of the palate and to extrapolate our findings to the Saudi Arabian population. If the Saudi
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Arabian population’s hard palate is deemed insufficient for collecting soft tissue grafts, other donor sites
such as the tuberosity should be considered and researched.

Conclusions

Within the limitations of this study, the rugae on the left side of the palate in a sample of the Saudi Arabian
population do not considerably extend beyond the mesial aspect of the upper second premolar, which may
provide reliable soft tissue grafts for esthetic mucogingival surgery. Also, the most posterior extent of the
palatal rugae did not significantly correlate with gender, age, or palatal shape.
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with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
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Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
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