
  

Difference in Heat Generation Comparing 

“Grinding” and “Cutting” Single Crown 

Preparation Technique   

Garis David, Johansson Christoffer 

Tutor: Lindh Tomas 

 

 

Total number of words: 3119 

Words in abstract: 237 

Number of tables and figures: 4 

Number of cited references: 17 

 

 

 

Självständigt arbete på avancerad nivå (yrkesexamen) 

Umeå Universitet 

 

 



 

2 
 

ABSTRACT 

The main purpose of this study was to examine the difference in intrapulpal temperature 

(IPT) comparing a “grinding” and a “cutting” technique during single crown 

preparation. The difference in preparation time between the two techniques was also 

examined. 

A thermocouple was placed in the pulp chamber of 20 extracted human permanent 

molar teeth. The teeth were placed in a silicone model. The model was immersed in a 

thermostatically controlled water bath with a temperature of 37 degrees centigrade (°C), 

and with a water level reaching the cementoenamel junction at the teeth. For both 

preparation techniques an electric handpiece (NSK Ti-Max Ti85L 1:5) was used. A 

diamond bur was used for the “grinding” and a carbide bur for the “cutting” technique. 

The IPT during preparation was measured with a K-thermocouple connected to Testo 

176 T4 temperature data logger. 

There was a significant difference in IPT rise between the two techniques for preparing 

the teeth. The “cutting” technique showed a higher mean temperature, 31.9 °C, 

compared to the “grinding”, 29.5 °C (p<0.05). Neither reached the critical value of 5.5 

°C IPT increase. The “grinding” technique averaged a longer preparation time of 106 

seconds per tooth than the “cutting” technique (p<0.05).  

Our study shows that the “cutting” technique results in a higher mean temperature but 

that both preparation techniques can be considered as safe in regard to IPT during single 

crown preparation as long as sufficient water cooling is applied.  
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INTRODUCTION  

Treatment of injuries to the teeth many times involve removal of damaged enamel and 

dentin to prepare for restoration of the tissues that have been lost. Most often such 

preparative measures are conducted with rotating instruments although other methods, 

such as laser and ultrasonic techniques have been demonstrated in later years (Thomas 

and Kundabala 2012). When cutting or grinding in the dental tissues, i.e. enamel and 

dentin, with rotating instruments, e.g. dental diamond- or carbide burrs, there is an 

obvious risk of trauma to the vitality of the tooth. Recently in a clinical experimental 

study, it has been shown that the overall incidence of asymptomatic pulp necrosis 

following crown preparation was 9%, ranging from 5% for intact teeth to 13% for 

preoperatively structurally compromised teeth (Kontakiotis et al., 2014). In praxis, the 

number in the high end of the range could be more relevant since the need for definitive 

restorative measures often is indicated only when the tooth previously has sustained 

extensive damage. That means that in a statistical sense, every tenth tooth (1/10) that is 

prepared for crown- and bridgework will suffer from pulpal damage that need 

endodontic treatment. 

In a narrative review of clinical studies from 2002, looking at reports on teeth that have 

undergone treatment with complete coverage, i.e. full crown treatment, the review 

concludes that over a time-span of almost 30 years, from 1970 to 1997, the incidence of 

pulp necrosis was between 3 to 25 % in the published material (Lockard 2002). 

Although many authors considered that heat generated from friction during preparation 

of the tissues was the main reason for pulpal injury, several other factors may contribute 

to the detriment of tooth vitality. Such factors could be desiccation (dehydration), 

chemical injury, bacterial infection, pressure applied during tooth reduction, inadequate 

provisional restorations, as well as cementation and malocclusion.  

If factors directly related to the preparative procedure alone are examined, there are 

some important things to consider. Irrespectively of rotational speed of the instrument 

used, or whether a coolant is applied or not, the volume of the hard tissue remaining 

between the surface and the pulp is of importance. If the prepared surface is within 1,5 

mm of the pulp chamber, almost a fourth (1/4) of the prepared teeth develop irreversible 

inflammation and abscesses. The resulting inflammatory response seemed independent 



 

4 
 

of intermittent cutting and profuse cooling (Stanley 1971). 

Another factor that might affect whether the pulp is damaged or not is the use of local 

anesthesia. Scheinin showed that the use of local anesthesia in a rat’s tooth resulted in 

increased damages to the pulp vessels, compared to without the use of local anesthesia 

(Scheinin 1963).  

The load at which the rotational instrument is applied onto the prepared surface is 

another factor of importance for the subsequent pulpal response. Studies of the 

histology in extracted teeth, that had been prepared with rotational instruments applied 

with two different pressures: Up to 113.5 g and from 227 g and above, showed that 

irrespective of adequate coolants used, an inflammatory pulpal response could not be 

avoided at pressures above 227 g (Stanley and Swerdlow 1960). Bearing in mind that 

some of these results were produced for more than 50 years ago.  Modern air-powered 

rotational instruments can produce revolution-rates much higher than what was possible 

in the middle of the 20th Century, i.e. much more efficient cutting with modern 

equipment. The information on the importance of applying only light preparative 

pressure, and to avoid excessive removal of mineralized tissue, still constitutes valid 

guidelines when preparing teeth for fixed prosthetic restorations. 

Interestingly, advanced investigations into the importance of shielding the pulpal tissue 

from excessive temperatures during tooth preparation were undertaken already in the 

early 1960:s. Thermocouples were place into the pulpal chamber through small holes at 

the cemento-enamel junction at teeth in situ, where after tooth preparation commenced 

using water- or air-spray alone as coolants. Noteworthy is that the air-turbine in those 

experiments operated at speeds around 290.000 rpm which is fully comparable with 

modern air-driven hand-pieces. The experiments revealed a temperature drop in the 

pulpal chamber with both forms of cooling, the water coolant being slightly more 

effective. The authors concluded that the low temperature-conductivity of the dentin, in 

combination with the internal circulation in the pulpal tissue, prevented a temperature 

rise in the pulp, and to dissipate whatever heat that still came through (Schuchard and 

Watkins 1961). As a proof of concept the authors refer to seven years of preparative 

work at the University of California where some 37.000 teeth were prepared with air-

turbines and with air as only coolant, and with no increase in adverse pulpal reactions 
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(Schuchard and Watkins 1965). 

Recent findings from a group in China revealed that heat dispersion in the dental tissues 

is discontinuous across the interfaces of enamel, dentine and the pulp, and is due to 

differences in thermal conductivity at the interfaces. Furthermore, there was a 

continuous temperature gradient over those interfaces at temperatures below 42 degrees 

centigrade (°C), while above that temperature a negative thermal resistance was 

observed. The group suggests that this helps to protect the pulp from damage due to 

heat build-up in the outer layers, i.e. the enamel and in the dentin which both display 

poor heat transfer properties (Niu et al., 2016). These results could very well explain 

why air coolant alone can be sufficient for protecting the tooth from over-heating during 

preparative work since observations of the temperature in the early experiments pointed 

to a decrease rather than a rise during the clinical procedure. 

Nevertheless, heat is still one very important factor believed to be contributing to pulpal 

damage during restorative dentistry. Heat which in worst case could cause severe injury 

to the pulp and its surrounding structures (Mjör 2001). Consequently, it is of major 

importance to control, or favorably reduce heat output to preserve pulp vitality. 

Because of heat generated during restorative dental procedures, and its potential threat 

to pulp vitality, it has been an interesting variable to investigate. Previous studies have 

investigated at what increase in intrapulpal temperature (IPT), damage actually occurs. 

A frequently cited study is the in vivo study on Rhesus monkeys (Zach and Cohen 

1965). Monkeys teeth were heated using a thermo-resistor where a 5.5 °C IPT increase 

resulted in pulpal necrosis in 15 percent of the tested teeth. An increased IPT by 11 °C 

resulted in pulpal necrosis in 60 percent, and an IPT increase of 16 °C resulted in pulpal 

necrosis in 100 percent of the teeth. Similar patterns have been observed in other 

studies. An in vivo study on living rats observed heat related pulpal damage when IPT 

was increased by 5 to 7 °C (Pohto and Scheinin 1958). Another study showed 

odontoblastic destruction occurring in the pulpal tissue when the IPT increased with 5.5 

°C (Zezell et al., 1996).  

Although some studies have made similar observations there are reports with dissimilar 

results. An in vivo study on 12 healthy human teeth with IPT increases of 8.9 to 14.7 °C 
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did not find any evidence of cellular injury of the pulpal tissue in the histological 

examination (Baldissara et al., 1997). Nonetheless, an IPT increase of 5.5 °C is 

commonly considered as the critical value that eventually could induce irreversible 

damage in the dental pulp. 

Factors such as remaining dentin thickness (RDT), water cooling, applied load, contact 

time, type of handpiece and cutting instrument appears to affect IPT (Thomas and 

Kundabala 2012; Kwon et al., 2013). In addition, these factors are likely to be affected 

by the operators preparation technique during restorative dentistry treatment. 

In this study we examined the difference in IPT increase comparing “grinding” and 

“cutting” technique during single crown preparation on 20 extracted human permanent 

molar teeth. A comparison of difference in preparation time between the two techniques 

was also examined. 

In addition, a test was carried out to demonstrate IPT changes with and without water 

cooling (Figure 1). The graph’s decline represents adding water cooling during the 

preparative procedure. The aim of this particular test was not to attain the highest 

possible IPT, but rather to prove that preparation without water cooling is very likely to 

reach dangerous IPT in a short time. As earlier mentioned, it has been shown that a 5.5 

°C IPT increase eventuated in pulpal necrosis in 15% of Rhesus monkeys teeth (Zach 

and Cohen 1965). Using the “grinding” technique we quickly reached an IPT increase 

above 5 °C.  

MATERIALS AND METHODS 

The research was approved by The Ethics Forum at the Department of Odontology, 

Umeå University. 

Extracted human permanent teeth were collected from the public dental service clinics 

Solrosen, Ljungby Hospital and Tullinge and were kept in a plastic jar with 70% 

disinfection solution. Inclusion criteria were non-fractured permanent molars with no 

restorations and no signs of caries lesions. 20 teeth fulfilled the inclusion criteria.  
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An access hole to the pulp chamber was made from the root bifurcation surface. K-

thermocouple (Greisinger GTF 300 GS) wire ends were inserted through the access 

hole. A radiographic picture was taken on each molar with K-thermocouple wire ends 

inserted to insure the correct placement of the thermocouple in the pulpal chamber 

(Figure 2). 

Temperature recording 

A water bath was heated to 37 °C with an immersion heater of 230V with effective 

output of 500W. Immersion heater and a 10A 220V thermostat were connected to a 

connecting box (IP67 225x135x145) (Figure 3). 

Four silicone (Flexitime Dynamix Monophase) models were created. Four to six molars 

were placed in each model. Access holes for the molars through the bottom of each 

model were made. High-density polysynthetic silver thermal compound (Arctic Silver® 

5) was inserted in the pulp chamber through the access hole of the model and molar. K-

thermocouple output was connected to a data logger (Testo 176 T4). The data logger 

was connected to a software (Testo Comfort Software Basic 5.0) on a computer. K-

thermocouple wire ends were inserted in the pulp chamber. 

One at a time, the silicone models were immersed in the water bath with the water level 

reaching the cementoenamel junction of the molar teeth. When an IPT of 36.5 – 37 °C 

was stabilized, the preparation of the molar started. The data logger recorded in real-

time at a data acquisition rate of one temperature value per second, resolution 0.1 °C. 

The recorded value is not a mean value, it is the actual value recorded at each second. 

The software used for the preparation procedures of each molar was Testo Comfort 

Software Basic 5.0.  

Preparation 

For both preparation techniques an electric handpiece (NSK Ti-Max Ti85L 1:5) was 

used. For the “grinding” technique a chamfer diamond bur (Diamant Hager & 

Meisinger 885/012) was used. For the “cutting” technique a carbide bur (Ransom & 

Randolph Cutwell Carbide Bur 1158) was used. Reference measurements for the 

“grinding” technique preparation were 1.3 – 1.4 mm in axial, 1.5 mm in occlusal and 

0.8 mm in finish-line tooth reduction (Milleding P (2012). Preparations for Fixed 
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Prosthodontics. Copenhagen: Munksgaard, p. 158.). For the “cutting” technique, 

desirable axial and occlusal tooth reduction was achieved when carbide bur had reached 

the dentin-enamel junction, finish-line reduction was the same as for the “grinding” 

preparation. 

The dental units (Planmeca Compact i Classic) water cooling system was used with 

maximal speed volume resulting in a water flow rate of 60 mL/min. The temperature of 

the water cooling was 20.3 – 20.4 °C.   

Ten preparations were performed by each author, five for each technique. In total were 

20 preparations performed. 

As dental students, our clinical experience in single crown preparation is limited 

compared to that of a board certified dentist. The “grinding” technique being the one 

taught in school, we thought it necessary to match the amount of single crown 

preparations by using the “cutting” technique as well. Having in consideration the 

amount of practice we have had using the “grinding” technique on both plastic and real 

human teeth. 

Statistical analysis 

The recorded data from 20 teeth were input into SPSS (SPSS Statistics 23). A statistical 

analysis was then performed on the recorded data. The assumptions for the t-test were 

not met. Therefore, the Mann-Whitney U test was used to compare our two samples. 

The Mann-Whitney U test is a non-parametric test, comparing if two sample means are 

equal or not (MacFarland T.W ., Yates J.M. (2016) Mann-Whitney U Test. In: 

Introduction to Nonparametric Statistics for the Biological Sciences Using R. Springer, 

Cham). 

Literature search 

A literature search was made using PubMed database to acquire relevant information to 

the topic of this study. Following terms were used, Tooth preparation AND temperature 

yielded 1836 items. Tooth preparation AND temperature AND pulp yielded 378 items. 

Tooth AND heat AND damage yielded 137 items. Tooth preparation AND thermal 
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AND pulp yielded 94 items. Crown preparation AND pulp AND necrosis yielded 49 

items. The articles were then sorted out and chosen by best match, title and abstract. 

Ethics 

The patients who were having their teeth extracted at the visited clinics filled in a form 

giving their consent that their teeth were used in this study. The forms were kept in a 

locked safe during the study and destroyed upon completion of the study. The teeth 

were irreversibly anonymized.  

Possible benefits with the “cutting” technique is a shorter time spent when in treatment 

for fixed single crown and bridge restorations. Consequently, leading to a shorter visit 

for the patient and a more efficient dental care. Although, the “cutting” technique could 

eventually be perceived as more uncomfortable for the patient due to the techniques 

more aggressive and coarse style compared to the “grinding” technique. There may also 

be a larger risk taking since our results suggest a higher IPT with “cutting” compared to 

the “grinding” technique.  

 

The Ethics Forum at the Department of Odontology, Umeå University found that 

appropriate ethics considerations had been integrated into the project. 

RESULTS 

A significant difference was found between the two preparation techniques. The 

“cutting” showed higher temperature values (p<0.05) compared to the “grinding” 

preparation technique. The mean temperature value for the “cutting” technique was 2.4 

°C higher compared to the “grinding” technique (p<0.05). 

Comparing both techniques, the highest measured value differed 0.1 °C, while for the 

lowest value recorded being 3.0 °C. The “cutting” averaged a shorter preparation 

duration by 106 seconds per tooth. There was no significant difference between the 

authors concerning preparation time, mean, minimum and maximum temperature 

values. Data were summarized in Table 1. 

 



 

10 
 

DISCUSSION 

Raised in earlier studies, temperature values measured by in vitro studies cannot be 

directly applied to temperature changes in-vivo (Kwon et al., 2013; Thomas and 

Kundabala 2012). Difficulties in reproducing the pulp and its surrounding tissues as 

well as the associated circulation are important factors of uncertainty. Since our models 

have no representation of surrounding tissues and associated circulation, their influence 

on the potential thermal dissipation is unknown. Possibly, the measured values would 

decrease in an in-vivo situation (P. Baldissara et al., 1997). Therefore, thermal 

variations in-vivo cannot be adjusted for solely using values from this in-vitro study. 

There were difficulties achieving a constant temperature in the water bath at the start of 

each tooth preparation. A propeller was tested to create a current in the bath to create a 

uniform temperature throughout the bath. Unfortunately we rather quickly came to the 

conclusion that the propeller was not of any significance. This technicality impacts the 

measured IPT and has therefore to be kept in mind when analyzing the results. 

Because of economical restraints we were not able to use a data logger with a lower data 

acquisition rate than one temperature value per second. Having a lower acquisition rate 

will improve the reliability of the recorded data. 

Our results show a significant difference in IPT between the “grinding” and “cutting” 

preparation technique (Table 1). However, none of the IPT values reached the critical 

value of 5.5 °C IPT increase. In conformity with other studies (Oztürk et al., 2004; 

Kwon et al., 2013) this emphasizes the importance of a well-functioning water cooling 

during tooth preparation. 

As previously mentioned, local anesthesia resulted in increased damages to the pulp, 

compared to without the use of local anesthesia. Since we only included extracted non-

vital teeth, we were unable to implement the effect of local anesthesia in our study 

(Scheinin 1963). 

A major benefit of the “cutting” technique is a reduced preparation time in comparison 

with the “grinding” technique. Therefore it could be seen as a more efficient technique 

when it comes to time spent in the dental chair by the patient. Even though the “cutting” 



 

11 
 

technique lead to a higher IPT by 2.4 °C, it never reached 42.5 °C which has shown to 

cause pulp necrosis in 15% of Rhesus monkeys teeth (Zach and Cohen 1965). With the 

highest IPT recorded using the “cutting” technique being 38.3 °C, a conclusion could be 

made that it is as safe as the “grinding” technique in consideration of IPT. 

Every dentist has his own approach on how to proceed with tooth preparations. As well 

as each tooth being different from the other. In addition, as authors having very little 

experience in prosthodontics, one could argue that the results would differ if the tests 

were carried out by an experienced board certified dentist.  

Our results suggest that both preparation techniques could be considered as safe in 

regard to IPT during single crown preparation as long as sufficient water cooling is 

applied. 
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Table 1: Number (N) of seconds temperature was recorded for each technique. Overall 

mean temperature during the preparations as well as maximum and minimum 

temperature recorded during the total 20 preparations performed 

 

 

 

 

 

 

 

 

 

 

 

 

 Grinding Cutting 

N (%) 3335 (100) 2272 (100) 

Mean (SD) 29,50 (2,6) 31,94 (2,8) 

Minimum (°C) 24,20 27,20 

 Maximum (°C) 38,40 38,30 
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Figure 1: Start temperature 37,2 °C, minimum temperature 32,9 °C, maximum 44,4 °C. Red 

symbol indicates start of preparation without water cooling. Green symbol indicates continued 

preparation with added water cooling. 
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Figure 2: Radiograph of thermocouple inserted in the pulp chamber of a permanent molar 

tooth. 
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Figure 3: Water bath with permanent molar teeth in silicone model, thermostat and 

connecting box. 

 


