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Statement of the problem: Enormous tooth substance is removed to receive all ceramic restorations which in 

turn affects the vitality of the tooth.  

Purpose of the Study: The purpose of this study is to measure the remaining dentin thichness (RDT) following 

tooth reduction for all ceramic crowns in freshly  extracted  premolars and to correlate RDT to Pulpal response. 

Materials and Methods: 45 freshly extracted human permanent maxillary first premolar teeth, scheduled to be 

removed for orthodontic purpose were selected from patients ranging from 16 to 30 years of age. The Samples 

were grouped by Three axial surfaces  (Mesio Buccal (MB),Buccal (B) and and Disto-Buccal (DB) Axial 

Surfaces) , Three Age Groups  (G1- 15 to 20, G2 – 21 to 25 , and G3 – 26 to 30) and finally by sex . Tooth 

preparation was done following standard guidelines for metal free restorations ( 1.2mm radial shoulder and as 

minimal taper clinically possible) by a single operator. RDT was measured in the three axial surfaces (Buccal, 

Mesio Buccal and Disto Buccal ) using a Stereomicroscope and Image Analysis Software. The results were 

statistically analyzed using f – test ( one way anova). Among the three surfaces Disto buccal showed the least 

RDT least RDT ( 0.97mm)  followed by mesio-buccal (1.55mm)  and buccal surface( 2.11mm).   P<0.001.  
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I. Introduction 
Increase in demand for esthetic restorations has resulted in   the    development of many all ceramic 

systems
1,2,3,4,5

. To achieve physiologic crown contours, structural durability and enhanced esthetics  it is 

recommended to reduce 1.2mm to 2 mm of enamel and dentin circumferentially to provide room for the core 

and veneering porcelains 
5,6,7

 . Pulpal injuries caused by tooth preparations are a major concern in 

Prosthodontics and a high number of vital abutment  teeth  ended up in  endodontic therapy  following 

prosthesis cementation
8,9,10,11,12,

 .  

 The distance between the preparation and the pulp referred to as remaining dentine thickness, has long 

been recognized as an important factor influencing tooth vitality
13,14,15

.   Extensive  preparations with minimal 

remaining dentine thickness, leaves the pulp tissue less protected from  preparation injuries and  chemical 

activities of dental materials. The remaining dentin thickness estimated to be necessary for the protection of the 

dental pulp has changed over the years.  A minimum of 2mm has been reported to be a critical factor in 

determining the pulp response and to maintain pulp vitality , and  a very small variation in the remaining dentin 

thickness has shown significant influence on the pulp reactions. RDT has also been reported to have significant 

influence on the fracture resistance of the prepared teeth and the bond strength of the luting agents. 

 During treatment, it is often difficult for the dentists to decide how much dentin is left over the pulp. 

This study was conducted to evaluate the amount of remaining dentin thickness,  a key factor in preserving pulp 

vitality, following  tooth preparation for all ceramic restorations.                  

 

II. Material and methods 
This study was done at Rajah Muthiah Dental College and Hospital, Annamalai University, Tamilnadu , to 

evaluate the Remaining Dentine Thickness in  extracted maxillary premolars using Stereomicroscope and Image 

Analysis Software, following tooth preparation for All Ceramic Restorations .  

Forty five samples were selected for this investigation. All the test samples met the following criteria:  

1. Maxillary first premolar teeth, extracted for orthodontic purpose, 

2. The teeth should be free of  caries, fillings , attrition, abrasion and erosions 

3. Age  of  the individual should be between the range of 16 to30 years . 

 

Test Samples were grouped by  

1. Three axial surfaces (Mesio-Buccal, Buccal, Disto-Buccal axial surfaces) , 

2. Three age groups: Group I-15to20years (13 samples), Group II- 21 to 25 years (19 samples), Group III-25 

to 30 years (13 samples), and finally  

3. Two groups by sex (Male – 23 samples and Female – 22 samples).    
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All the 45 test samples were cleaned in hydrogen peroxide  and each sample  mounted in  Poly Vinyl 

Chloride (PVC) cylinder, measuring 20mm height and 13mm in diameter using autoploymerizing resin (DPI , 

India) (fig1).   The teeth  were sectioned midway using a Diamond Disc (Diameter 20mm, Thickness 0.3mm, 

grit: +/- 80µ) and Micro motor (Marathon, Hand Grinder power engine, SAE YANG CO, Korea) cross 

sectionally in a mesio-distal direction, to expose the coronal portion of the coronal pulp (fig. 2).  After 

sectioning the tooth, tooth preparation was done for all ceramic restoration based on standard guidelines using a 

conta angled airotor handpiece and  1.2mm flat ended tapered diamond (Mani Burs)  . The preparation consisted 

of 1.2mm radial shoulder margin and 6 to 10 degree  axial  taper.. All the preparations were done by a single 

operator to simulate clinical conditions and  to avoid inter-operator variability . 

Distance between the outer surface of the preparation and exposed coronal pulp chamber considered as 

Remaining Dentine Thickness was measured in the three axial surfaces (buccal, mesio-buccal, and disto-buccal) 

using Stereomicroscope (Meiji-Japan MIL 7100 20x Magnification) and  Image Analysis Software (Metal 

Vision MVLx1.0) (fig6). The measurements obtained were statistically analyzed .                    

 

III. Results 
 The values obtained were statistically analyzed using f – test ( one way anova). The  results of this 

study show  that there is a statistically significant difference ( P<0.001) among the three surfaces.  Disto-buccal 

surface had the least RDT – 0.97mm  followed by mesio-buccal - 1.55mm  and buccal surface -  2.11mm.   

(Table1) (fig.3) . 

On comparing the age factor , in the Mesio Buccal surface, Group I(15-20yrs) had the least RDT - 

1.38mm (mean), followed by Group II (21 - 25 yrs)  1.53 mm  and Group III (25-30 yrs)  had the maximum 

RDT of 1.75mm. In the Buccal surface, Group I (15- 20 yrs)  &  Group II (25 - 30 yrs) had similar RDT (1.96 

mm & 1.95mm) and group 3 had high RDT 2.49mm .  In the Disto-Buccal surface, all the three age Groups had 

similar RDT ( group I and group II -  0.95mm RDT  & Group III – 0.97mm RDT).(Table .2)(fig.4). 

In  males, the disto-buccal surface had least RDT 1.02 mm  followed by mesio-buccal 1.46mm and 

buccal 2.17mm . Females  had  RDT of 0.9mm in Disto-Buccal surface,  1.46mm in mesio buccal surface ,and  

2.04mm in the buccal surface RDT (Table-3).(fig.5) 

 

IV. Discussion 
 The importance of remaining dentin thickness (RDT) in maintaining the vitality of the tooth following 

tooth preparation has long been recognized. Stanley 
17

 reported that a 2mm of  RDT is necessary to protect the 

pulp. P. E. Murray et al
15

  reported that a RDT of 0.5 mm or greater is necessary to avoid evidence of pulp 

injury. Most of the studies signifying  the importance of RDT were done in intracoronal restorations. The 

number of open tubules in intracoronal preparations are comparatively less necessitating the evaluation of RDT 

in extracoronal preparations. 
 

 In this study a 1.2 mm radial shoulder margin was prepared as recommended by various studies and the 

recommendations of the manufacturers. All preparations were done by a single operator in  extracted maxillary 

first premolar in the age group of 15 to 30. The thickness of remaining dentin  was evaluated at  three surfaces – 

Buccal , Mesio –Buccal and Disto Buccal. The results of the study showed that the Buccal surface having the  

highest average of RDT  (2.11 mm) followed by Mesio-Buccal surface ( RDT - 1.55mm)  and the Disto-Buccal 

surface ( RDT - 0.95mm).  R.Polansky et al
18

 measured RDT after preparation of a shoulder in the extracted 

molars and premolars. Premolars had an average maximum RDT of 0.7mm, and average minimum RDT of 0.46 

mm. 

   On comparing the RDT according to age,  Group1 (15-20 years of age) had the least Remaining 

Dentine Thickness, Group 2 (21 -25 years) had moderate RDT and group 3(25 – 30 years)had the maximum 

RDT.  This difference is statistically significant ( P-value <0.001) .This is in accordance  to the fact that the 

dentin thickness increases with age
19

.  

 On comparing Remaining Dentine Thickness according to sex, the female group had more RDT than 

male. The results are also statistically significant ( p<0.01). 

It is recommended to use esthetic resin luting cements for esthetic all ceramic restorations. The 

biocompatibility of resin cements in deep preparations is still an area of debate. Sergie bouillaguet et al
19

 in their 

study had shown that the decrease in dentin thickness increased the risk of acute cytotoxicity. J.Hebling
 
et al

20
 

reported the pulpo-dentin complex response to adhesive system application in deep tooth preparations, and 

showed the inverse relationship between RDT and pulp inflammatory response. Intensity of pulp response 

increased as RDT decreased.  A.Hamid et al
21   

showed that dentine thickness variation clearly affected 

both diffusion rates and cumulative release of the two trace molecules (HEMA& TEGDMA). Decreasing 

dentine thickness markedly increased pulp ward diffusion rate and total diffusion of both monomers from 

bonding-resin restorations. It is very likely therefore that substantial reduction of dentine thickness will reduce 

the protective effect of dentine for both HEMA and TEGDMA. Kessiri Wisithphrom et al
22

  reported that the 
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pulp vitality was reduced by the Remaining Dentine Thickness of the tooth preparations, whereas the other 

variables, including the type of restorative materials, had little effect.  

   The influence of RDT on the bond strength of luting agents to dentin has been  reported by many 

authors . The bond strength to dentin signficantly decreased when the pulp chamber is approached . L Perinka et 

al
23

  investigated the relationship between the tensile bond strength (TBS) and remaining dentin thickness 

(RDT).The Tensile bond strength varied depends on the RDT. Satoshi Inoue et al 
24  

reported that  the micro-

tensile bond strength of glass ionomer adhesive to dentin significantly improved when the RDT increased. 

Several reasons for this bonding have been advocated: (1) the area of intertubular dentin available for micro-

mechanical retention through hybridization decreases when the diameter and the number of dentinal tubules 

increases closer to the pulp  (2) the dentin permeability increases if an adhesive system is used that completely 

removes the smear layer and unplugs the tubules through acid etching ; (3) the pulpal pressure and intrinsic 

wetness increases  and/or (4) calcium concentration of deep dentin is lower than that of supercial dentin . On the 

contrary, self-etch adhesives have been presented with bond strength data unaffected by RDT or dentin depth . 

This must be largely attributed to the fact that smear debris is commonly kept on intertubular dentin or within 

the dentinal tubules.
25 

 
As RDT has been shown to have a significant influence on tooth vitality and the bond strength of 

cemented restorations , every effort should be made to preserve  RDT. Tooth preparation should be performed 

based on the Pulpal morphology rather than performing a uniform reduction all around. Selection of ceramic 

systems should be based on the clinical needs rather than applying the same system for all situations.  This study 

was performed  in maxillary first premolars and further studies are recommended on other permanent teeth also. 

 

V. Conclusion 
Within the limitation of this study , the following conclusions can be drawn. 

 Disto-buccal surface of the human permanent maxillary permanent first premolar teeth has least RDT . Care 

must be taken to keep the reduction to a minimum, while reducing the tooth structure in this region.  

 Buccal surface has maximum RDT followed by mesio buccal and distobuccal. 

 Age shows a significant influence on RDT. Young individuals have minimal RDT following tooth 

preparations. 

 There was no significant difference in RDT among male and female. 
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Fig.2.Stereomicroscopic image of prepared samples samplessamples 

 

  

Results 
                            Surface comparison 

Group N Mean SD Minimum Maximum P-value 

MB 45 1.55 0.46 0.596 2.567  

0.001 
Significant 

B 45 2.11 0.68 0.612 3.329 

DB 45 0.97 0.26 0.071 1.397 

Table-1: The recorded values of RDT  for the three surfaces. (MB – Mesio Buccal,  

B – Buccal, DB – Disto Buccal) 
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Fig. 1.Teeth mounted in autopolymerizing resin. 
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Fig. 3. Graph showing the comparision of RDT  in the three surfaces 

Table-2 

Age N 
Mesio - Buccal Buccal Disto – Buccal 

p-value 
Mean SD Mean SD Mean SD 

15-20 13 1.38 0.40 1.96 0.76 0.95 0.25 0.001 S 

21-25 19 1.53 0.46 1.95 0.60 0.97 0.22 0.001 S 

25-30 13 1.75 0.46 2.49 0.59 0.96 0.32 0.001 S 

            S – Significant   

 

Table-2: The recorded values of RDT  for the three age groups. 

 
Fig. 4 Graph showing the comparision of RDT  in the three age groups 

 

Table-3 Gender 
Gende

r 
N 

Mesio-Buccal Buccal Disto - Buccal 
p-value 

Mean SD Mean SD Mean SD 

Male 23 1.64 0.49 2.17 0.65 1.02 0.24 0.01 S 

Female 22 1.46 0.40 2.04 0.71 0.90 0.27 0.01 S 

                  S- significant  

 
Fig. 5 Graph showing the comparision of RDT  among the gender. 

Gender vs surfaces  comparison    
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