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ABSTRACT 
 
Background: Palatal masticatory mucosa is the main donor site for soft tissue grafts, thus determination of its thickness is 
of paramount importance as it affects the surgical outcome. Thus in this study we tried to evaluate and compare the mean 
thickness of palatal masticatory mucosa with the help of direct bone sounding using a periodontal probe and cone beam 
computerized tomography (CBCT) at different regions. Methods: 30 subjects in the age group of 20-50years were 
included in this study and had to undergo bone sounding with periodontal probe and subsequently cone beam 
computerized tomography in relation to canine, 1st premolar, 2nd premolar, 1st molar and 2nd molar at four different 
points, i.e., 2, 5, 8 and 12 mm from the gingival margin. Results: On comparison between the two techniques non- 
significant difference was found with slightly higher values obtained by CBCT. The tissue at the premolars was thicker than 
that measured at the molars. There was also increase in tissue thickness as the distance from gingival margin was 
increased except for canine at the depth of 12mm. Conclusion: It was concluded that CBCT can be used as non-invasive 
and accurate method to determine the soft tissue thickness of the palatal masticatory mucosa than clinical measurements 
made via bone-sounding. 
 
Keywords: Bone sounding, Cone-beam computerized tomography, Different depths, Gingival margin,  Palatal masticatory 
mucosa. 
 
 

INTRODUCTION 
 

Periodontal plastic surgery, a term originally 

proposed by Miller,[1] fulfils the esthetic and 

functional demands of patients .The autogenous soft 

tissue donor sites used in periodontal plastic surgery 

include palatal masticatory mucosa or maxillary 

tuberosity area. Palatal masticatory mucosa, the 

main donor area for soft tissue grafts is applied for 

increasing the dimensions of keratinized mucosa 

around teeth and implants, covering exposed roots, 

and increasing localized alveolar ridge thickness.[2] 

Proper thickness of graft material is important for 

survival to permit nutrient supply from the recipient 

site. The graft obtained if too thin can shrink and 

undergo necrosis,[3,4] and if it is too thick, its 

peripheral layer is jeopardized due to excessive 

tissue separating it from new circulation and 

nutrients. Hence the thickness of the     graft     tissue  
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obtained is an important factor for the success of 

these techniques. 

 

A critical aspect in the treatment planning of these 

situations is the determination of the thickness of the 

graft donor tissue, as the thickness of tissue grafted 

from the palate to the recipient site directly affects 

the surgical outcome.[5,6]  Pre-surgical assessment of 

the thickness of the donor area is greatly overlooked 

due to a lack of reliable methods for this purpose. 

There are various invasive and non-invasive 

methods of mucosal thickness evaluation. The 

various  invasive methods include direct bone 

sounding using a periodontal probe,[7,8] an 

endodontic reamer, or an injection needle after local 

anesthesia,[9] histologic measurements of the tissue 

obtained[10] and measurements from cadavers.[11] 

Assessment of thickness of palatal mucosa by 

periodontal probe, is commonly performed 

immediately prior to surgery as the patient has to be 

anaesthetized and may hinder appropriate treatment 

planning of the procedure as the clinician may find 

that there is not sufficient tissue thickness in the pre-

anaesthetized area thus not allowing a precise pre-

surgical planning of the procedure.[12] 
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Indirect measurement methods, such as 

ultrasonography,[13] computed tomography (CT),[14] 

and recently cone-beam computed tomography 

(CBCT),[12] have also been used for assessment of 

palatal mucosa thickness. Cone-beam computed 

tomography (CBCT) is a new diagnostic tool that 

has revolutionized diagnosis and treatment planning 

in the dental field.[15] 

In addition to accurately reproducing linear dental 

measurements,[16] data obtained from CBCT scans 

may indeed be more accurate than that obtained 

from bone - sounding, as pressure from a periodontal 

probe or needle may cause tissue distortion during 

bone - sounding.[14] 

Thus in this study we tried to evaluate the thickness 

of palatal masticatory mucosa at various sites by the 

help of direct bone sounding using a periodontal 

probe and cone beam computerized tomography for 

precise treatment planning. 

 

MATERIALS AND METHODS 
 

30 subjects comprising of both the sexes, visiting 

outpatient Department of Periodontology, Govt. 

Dental College and Hospital Srinagar, were 

considered for the present clinical study after 

meeting inclusion and exclusion criteria. The criteria 

for inclusion in the study were systemically healthy 

subjects with age ranging between 20 - 50 years and 

having all maxillary teeth, except the third molars. 

Subjects having undergone surgery in the area to be 

analysed, history or presence of pathology in the 

palatal region, teeth with severe morphological 

alterations, tooth mal-alignment, bone or gingival 

loss, pregnant women or lactating mothers and 

smokers were excluded. 

After fulfillment of inclusion criteria for the study, 

informed consents were obtained from all the 

patients. A maxillary impression was made with 

alginate impression material and poured in a dental 

stone. Acrylic measurement guides were then 

fabricated on the cast model and trimmed 

appropriately to include all teeth present in the arch. 

Each stent was completely tooth-borne to prevent 

movement during measurements. Using a 

standardized UNC probe, measurements were made 

at distances of 2 mm, 5 mm,  8 mm and 12 mm from 

the gingival margin for  canine, first and second 

premolar, first molar and second molar on the right 

and left side of the palatal mucosa. A hole was 

punctured through the acrylic stent at each 

measurement point. The greater palatine and incisive 

nerves were blocked with 2% lidocaine, 1:100,000 

epinephrine injection. The measurement points were 

marked with a hematoxylin pencil on the palate, 

through the holes made in the acrylic stent. 

Measurements were performed 20 minutes after the 

injection by bone sounding with William’s 

periodontal probe. The values were rounded up to 

the nearest 0.5mm. After bone sounding, gutta-

percha was used to fill each measurement site as a 

radio-opaque marker on the CBCT scan. 

Next day, CBCT scans were performed with the 

NewTom GAINO unit (QR Srl Verona, Italy) and 

the images were acquired by means of the NewTom 

software and processed by a computer. At the time 

of the CBCT scans, the patient’s head and chin was 

stabilized.  The acrylic stent with gutta-percha was 

placed in patient’s mouth and asked to bite a wooden 

spatula placed across the mouth at the level of the 

maxillary and mandibular molars (first and second 

molars) to separate them and to prevent the tongue 

from touching the soft and hard palates during image 

acquisition. Acquisition was performed in the 

maxilla for 30 seconds with NewTom tomography 

acquisition protocol: voxel size: 75µm; Grey 

scale:16 bits; focal spot:1 mm; image detector: 

amorphous silicon flat panel; image acquisition: 

single 360 º rotation.  

 

Statistical Analysis 

Statistical Software SPSS (Version 20.0) and 

Graphpad Prim (version 5.00) were used to carry out 

the statistical analysis of data. Data was expressed as 

Mean ± SD and presented by Bar diagrams. 

Student’s independent t-test was used to compare 

clinical measurements with radiographic 

measurements of palatal mucosa thickness. Analysis 

of Variance (ANOVA) test was employed to 

compare average thickness of palatal mucosa at 

various depths using either clinical or radiographic 

technique. 

 

RESULTS 

 

[Table 1 & Figure 1] shows the comparison between 

the thickness measurements of palatal mucosa 

obtained by bone sounding via periodontal probe 

(clinical technique) and cone beam computerized 

tomography (radiographic technique) in relation to 

canine, first premolar, second premolar, first molar 

and second molar at various depths of 2 mm, 5 mm, 

8 mm, and 12 mm from gingival margin. Statistical 

analysis of the data obtained by the two techniques 

did not reveal any statistically significant difference 

(p- value >0.05). 

[Table 2 & Figure 2] shows the comparison between 

the mean thickness measurements obtained by bone 

sounding via periodontal probe (clinical technique) 

and cone beam computerized tomography 

(radiographic technique) in relation to canine, first 

premolar, second premolar, first molar and second 

molar. Statistical analysis of the data obtained by the 

two techniques did not reveal any statistically 

significant difference (p- value >0.05). 

[Table 3  & Figure 3] shows the thickness 

measurements of palatal mucosa obtained by bone 

sounding via periodontal probe (clinical technique) 

in relation to canine, first premolar, second premolar, 

first molar and second molar at various depths of   2 
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mm, 5 mm, 8 mm and 12 mm from gingival margin. 

Statistically significant difference was seen in 

relation to various depths from gingival margin for 

each tooth. The p-value of 0.005 in relation to canine 

and p-value of 0.001 in relation to premolars and 

molars was seen. 

[Table 4 & Figure 4]  shows the thickness 

measurements of palatal mucosa obtained by cone 

beam computerized tomography (radiographic 

technique) in relation to canine, first premolar, 

second premolar , first molar and second molar at 

various depths of 2 mm, 5 mm, 8 mm and 12 mm 

from gingival margin. Statistically significant 

difference was seen in relation to various depths 

from gingival margin for each tooth. The p-value of 

0.003 in relation to canine and p-value of 0.001 in 

relation to premolars and molars was seen. 

 

Table 1: Comparison of thickness measurements of palatal mucosa at various depths obtained by Clinical and 

Radiographic techniques. 

Mean Distance From 

Gingival Margin (mm) 

Clinical Radiographic P-value@ Significance 

Mean SD Mean SD 

Canine 2 1.98 0.404 2.01 0.296 0.772 NS 

5 2.97 0.434 3.11 0.363 0.171 NS 

8 3.45 0.514 3.64 0.428 0.119 NS 

12 3.18 0.609 3.29 0.481 0.469 NS 

Ist Pre-molar 2 2.05 0.379 2.19 0.363 0.149 NS 

5 3.15 0.375 3.32 0.330 0.062 NS 

8 3.82 0.382 3.94 0.367 0.208 NS 

12 4.22 0.449 4.34 0.366 0.248 NS 

2nd Pre-molar 2 2.12 0.429 2.20 0.265 0.389 NS 

5 3.13 0.490 3.27 0.288 0.193 NS 

8 3.98 0.425 4.14 0.276 0.103 NS 

12 4.45 0.480 4.58 0.332 0.227 NS 

Ist Molar 2 1.98 0.359 2.05 0.237 0.399 NS 

5 2.12 0.364 2.21 0.290 0.276 NS 

8 2.87 0.454 2.97 0.329 0.317 NS 

12 4.37 0.472 4.54 0.309 0.098 NS 

2nd Molar 2 2.15 0.438 2.12 0.416 0.787 NS 

5 2.42 0.417 2.44 0.436 0.857 NS 

8 3.32 0.404 3.39 0.462 0.496 NS 

12 5.62 0.364 5.75 0.422 0.184 NS 
NS: Not Significant, @P-value by Student’s Independent t-test 
 

Table 2: Comparison of mean thickness measurements of palatal mucosa obtained by Clinical and Radiographic 

techniques 

Variable Clinical Radiographic P-value@ Significance 

Mean SD Mean SD 

Canine 2.90 0.402 3.01 0.341 0.229 NS 

1st Premolar 3.31 0.314 3.45 0.298 0.079 NS 

2nd Premolar 3.42 0.388 3.55 0.214 0.126 NS 

Ist Molar 2.83 0.351 2.94 0.241 0.161 NS 

2nd Molar 3.38 0.265 3.47 0.382 0.558 NS 
NS: Not Significant, @P-value by Student’s Independent t-test 
 

Table 3:  Showing thickness of palatal mucosa at various depths using clinical technique 

Mean Distance From Gingival Margin (mm) Mean SD P-value@ 

Canine 2 1.98 0.404 0.005* 

5 2.97 0.434 

8 3.45 0.514 

12 3.18 0.609 

Ist Pre-molar 2 2.05 0.379 <0.001* 

5 3.15 0.375 

8 3.82 0.382 

12 4.22 0.449 

2nd Pre-molar 2 2.12 0.429 <0.001* 

5 3.13 0.490 

8 3.98 0.425 

12 4.45 0.480 

Ist Molar 2 1.98 0.359 <0.001* 

5 2.12 0.364 

8 2.87 0.454 

12 4.37 0.472 

2nd Molar 2 2.15 0.438 <0.001* 

5 2.42 0.417 

8 3.32 0.404 

12 5.62 0.364 
*Statistically significant difference (P-value<0.05);@P-value by ANOVA 
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Table 4: Showing thickness of palatal mucosa at various depths using radiographic technique 

Mean Distance From Gingival Margin (mm) Mean SD P-value@ 

Canine 2 2.01 0.296 0.003* 

5 3.11 0.363 

8 3.64 0.428 

12 3.29 0.481 

Ist Pre-molar 2 2.19 0.363 <0.001* 

5 3.32 0.330 

8 3.94 0.367 

12 4.34 0.366 

2nd Pre-molar 2 2.20 0.265 <0.001* 

5 3.27 0.288 

8 4.14 0.276 

12 4.58 0.332 

Ist Molar 2 2.05 0.237 <0.001* 

5 2.21 0.290 

8 2.97 0.329 

12 4.54 0.309 

2nd Molar 2 2.12 0.416 <0.001* 

5 2.44 0.436 

8 3.39 0.462 

12 5.75 0.422 
*Statistically significant difference (P-value<0.05); @P-value by ANOVA 

 

 

 
Figure 1: Comparison of thickness obtained by  clinical 

and radiograhic methods in relation to different tooth 

regions 

 

 
Figure 2: Comparison of mean thickness  by clinical 

and radiograhic methods in relation to different tooth 

regions 
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Figure 3: Palatal thickness obtained  by clinical method 

in relation to different tooth regions at various depths. 

 

 

 
Figure 4: Palatal thickness obtained  by radiographic 

method in relation to different tooth regions at various 

depths. 
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DISCUSSION 
 

Assessment of the thickness of  palatal masticatory 

mucosa aids in a better pre-operative diagnosis and 

treatment planning. Taking into account the 

usefulness of the palatal mucosa in periodontal 

plastic procedures and implant therapy, it is quite 

evident that this tissue holds a prominent position in 

the current era of soft tissue aesthetics in dentistry.[17] 

As palatal masticatory mucosa is the main donor site 

of connective tissue in periodontal plastic surgery 

during soft tissue grafting,[18] it sometimes fails to 

provide adequate donor tissue, either as a result of 

palatal anatomic form or insufficient thickness of the 

soft tissue  leading to alteration in surgical approach 

. Since its dimensions play an important role in the 

clinical outcomes of periodontal plastic surgical 

procedures, it is important to determine the available 

dimensions of the palatal donor tissues, prior to 

attempting surgical harvesting.[19] 

The thickness of the palatal masticatory mucosa has 

been evaluated in different studies. Palatal mucosal 

thickness has been measured using direct and 

indirect methods.[13,20-22] The direct method including 

transgingival sounding is cost effective and easy to 

perform.[23] However, it may be uncomfortable for 

the patient because it has to be performed under 

local anesthesia.[5,20] The measurements are rounded 

off to the nearest millimeter, affected by volume of 

local anesthetic and inflammation.[14,20] In addition, 

these procedures are performed immediately before 

graft harvesting, and as a result, pre-surgical 

planning cannot be done.[12] There occurs tissue 

displacement during probing and probing against the 

palate could influence the measurement.[14] 

A non-invasive method that applies an ultrasonic 

device has also been described that is more 

comfortable for patients,[13,21,22] non-invasive and 

easily applicable,  but is technique sensitive, has low 

reproducibility, and has limitations in sites with a 

palatal vault depth >6 mm . Therefore affected by 

the anatomic form of the palate repeated 

measurements are needed to resolve these 

problems.[21,24] 

None of the techniques reported so far produce an 

image of the hard and soft tissues including the 

palatal mucosa. As an alternative to existing 

methods, the tooth, gingiva, and other periodontal 

tissues may be imaged by CT and CBCT.[12,14,25] 

CBCT is a simple technique that has several 

applications in dentistry .It is a quantitative method, 

because the differences between the epithelial, fat 

and connective tissues cannot be seen on the images. 

Furthermore, an inflamed gingiva would have a 

similar appearance as a healthy gingiva on the 

images acquired by CBCT.[12] 

CBCT presents advantages such as more focused 

beam, better image quality, greater comfort for the 

patient and lower cost. CBCT scans have been 

shown to accurately reproduce linear dental 

measurements.[26] 

Barriviera, et al.[12] has described a technique using 

CBCT that accurately visualized the dimensions of 

the palatal masticatory mucosa, thus enabling the 

clinician to make linear measurements of the soft 

tissue covering the palate. The images obtained 

reveals a high-quality image of hard (teeth and bone) 

and soft (facial and palatal gingiva) tissues and 

allows measurements of the dimensions and 

relationships of these structures. The clinical 

significance of this finding was that CBCT scans 

may be useful in the treatment planning of cases 

where the thickness of the palatal tissue is 

paramount. 

CBCT scans used in this study provides the 

possibility of evaluating both sides of the maxilla in 

the same image, thus allowing  the dentist with 

options to choose the side he/she thinks is the best 

donor area.  

In the present study we tried to evaluate the mean 

thickness of palatal masticatory mucosa with the 

help of bone sounding by periodontal probe and 

cone beam computerized tomography. The mean 

thickness determined by bone sounding and cone 

beam computerized tomography in relation to canine 

was 2.90 mm and 3.01mm, 1st premolar was 3.31 

mm and 3.45 mm, 2nd premolar was 3.42 mm 

and3.55 mm, 1st molar was 2.83 mm and 2.94mm 

and 2nd molar was 3.38 mm and3.47mm  

respectively. These results are in agreement with the 

results of previous studies of Studer et al 1997,[20] 

Muller et al 1999,[21] 2000,[22]  Wara-aswapati et al. 

200,[5]  and Barriviera et al. 2009.[12] 

The reason for the variation in thickness may be due 

to that the larger parts of the mucosa of the hard 

palate contain a submucosa. Whereas near the 

palatal raphe mediana and within the gingival 

portions the firm lamina propria passes directly into 

the periosteum of the bony palatal roof, on both sides 

of the raphe, the lamina propria is thin and continues 

into a submucosa containing various amounts of 

adipose tissue and small mucous glands.[27] 

In this study we tried to determine the actual 

thickness of the soft tissue in different palatal 

locations of 2 mm, 5 mm, 8 mm and 12 mm from 

gingival margin using clinical and radiographic 

method in relation to canine, 1st premolar , 2nd 

premolar ,1st molar and 2nd molar . The results of 

this study showed that the tissue became thicker as 

the distance from the tooth increased except for the 

canine in relation to the distance at 12 mm in both 

radiographic and clinical technique. This was in 

agreement to the results with the studies of 

Barriviera et al .2009,[12] and  Song et al 2008.[14] 

These variations may be due to the fact  that the 

palatal mucosa is composed of  keratinized stratified 

squamous epithelium ,the lamina propria (dense 

connective tissue); and the submucosa layer 

(composed of glandular and adipose tissues).[28] In 
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the anterior region the hard palate constitutes of the 

mucoperiosteum. Near the palatal raphe mediana 

and the gingival parts of the palatal mucosa, the firm 

lamina propria extends directly into the periosteum 

of the palatal roof.[29] 

In this study the tissue measured at the premolars 

was thicker than that measured at the molars. This 

was in agreement with Studer, et al.1997,[20] Muller, 

et al.2000.[22]  

This may be due to the protuberance of the palatal 

root of maxillary 1st molar[23]  thus acting as an 

anatomic barrier[20]  and in the premolar region the 

connective tissue mainly contains adipose tissue, ie, 

pars corporis adiposa of the hard palate, extending to 

the plane of the premolars.[29] 

In this study we compared the thickness of the 

palatal masticatory mucosa as determined from a 

CBCT scan to that by bone sounding technique via 

periodontal probe. In the present study, non-

significant difference was found between 

measurements determined by the two techniques . 

These results are in agreement to the results of Gupta 

P, et al 2015.[30] The results obtained by CBCT have 

slightly higher value than that obtained by bone 

sounding though non - significant. The results 

obtained by CBCT are more precise and there may 

be inter-examination variation in relation to bone 

sounding by periodontal probe. 
 

CONCLUSION 
 

Thus it can be concluded that CBCT can be used as 

reliable, simple, non-invasive, alternative and 

accurate reproducible method to determine the soft 

tissue thickness of the palatal masticatory mucosa 

than bone-sounding that could help in planning 

dental treatment procedures especially in 

Periodontics, Implant dentistry and Oral surgery. 

The tissue measured at the premolars was thicker 

than that measured at the molars. 
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