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The aim of present study is to evaluate the heat production directly when 

performing osteotomy for implant placement. We made a comparison the values 

that were acquired through this study with the other from the former studies. A 

specially designed bur was manufactured and applied for the present study. A 

thermosensor was installed inside the drill which is made of stainless steel utilizing 

a 18-gauge needle and mercury containing slip ring. In addition, three 

thermocouples were placed into the artificial bone model with various depth of 

10mm, 5mm, and 1mm. The location of the thermocouples inside the bone was as 

close as of 0.5mm from the lateral margin of the osteotomy site. The diameter of 



the drill was 3.4mm. Rotational speed of the drill was ranged from 500rpm to 2000 

rpm. The experiment of drilling was repeated 10 times, and the average was 

analyzed. The temperature measured from the inside of the drill surged up very 

quick, and the temperature inside the bone achieved its highest peak when the 

measured temperature from the drill initiate to drop. The maximum inner 

temperature observed from the bone model was at the depth of 10mm. The trends 

of the temperature alteration shared similarity regardless of the drilling speed.  

Present study elucidates that there is significant discrepancy between the highest 

temperature measured from the drill and the temperature inside the bone, the value 

observed from the former is much higher than the latter.    
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1. Introduction 

 

In the past 50 years, dental implant has been developed from pre-clinical 

experiment to a highly predictable treatment option for replacing the missing 

dentition with implant supported prosthesis. It is now a treatment of choice 

commonly applied in daily dental practice to fully and partially edentulous 

patients because it provides superior functional and biologic characteristics to 

many patients when compared to the conventional prosthetic options. 

 Implants that are used in modern dental and medical fields require a surgical 

procedure to place bioinert fixture into the space prepared by a several steps 

of drilling, so-called osteotomy. The prepped site is getting through a series 

of biologic process and finally recovered by original bone. The surface 

between the implant and the bone will have a direct contact. The term, 

osseointegration, was coined accordingly and widely accepted [1]. It seems 

certain that prepping the bone utilizing drill is the most critical part of the 

implant surgical procedure because successful osseointegration is influenced 

to a large extent by this process. It has been reported that drilling will cause 

adverse effect on bone both mechanical and thermal aspect. [2, 3]. If the bone 

is exposed to the drilling longer than a minute at the temperature higher than 

47℃, that will result in local necrosis of the bone and inhibit osseointegration 

[3,4]. The bone tissue is resorbed and transformed into adipose cells which 
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are replaced by the cells of lesser degree of differentiation [5,6]. These 

impaired bone cells are short of the ability for the normal process of resorption 

and regeneration [7].  

There were studies to investigate to evaluate the heat generation by the 

friction between the bone and the drill during osteotomy in more clinically 

relevant experimental design. [8]. The models applied in the studies were 

artificial bones and human cadaver bones. They have made an attempt to 

investigate drilling methods with less excessive thermal damage [9,10]. 

However, majority of the studies were not able to detect the temperature 

variation directly from the interface. It was from the thermosensor located 

further than 0.5 mm away from the drilling interface where the measurements 

were taken. [11, 12]. A few research have investigated the heat change from 

drill instead of from the bone in order to eliminate potential errors related to 

the different thermal conductivities between bones and drill which is made of 

stainless steel [13-15]. However, the drawback of the studies were that they 

were not able to take the potential measurement errors associated with (1) the 

friction between drill and thermosensor located in the middle of the drill and 

(2) air thermal insulation of the gap between the thermocouple into account 

[14, 15]. 

 Therefore, a more clinically related experimental design is required to 

evaluate heat generation more precisely during the implant osteotomy with 
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respect to the drilling depth, drill speed, drilling time, and applied pressure 

without the thermal insulation effect of bone and frictional heat between the 

drill and the thermosensor [16,17]. In this study, the temperature change 

through the drilling procedure was measured by the rotating thermosensor 

which is directly connected to the drill. The acquired data measured directly 

from the drill was compared with previous methods measuring the 

temperature inside bone and inside the drill. Moreover, the heat generation 

during the drilling procedure was assessed according to the drilling speeds 

and depths, and the surface temperature of the drill was monitored using 

infrared analysis. The null hypothesis of present study is that there is no 

significant difference in temperature among various rotatory speed and 

drilling depth. This study contributes more precise and clinically applicable 

information about heat measurement for more successful implant procedure.  
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2. Materials and Methods  

 

 

To simulate drilling in clinical surgical procedure, we have custom-built 

equipment and the experiments were conducted utilizing an artificial bone 

model (saw bone #1522-27, Pacific Research Laboratories Inc., Vashon, 

USA). 

2.1. Themosensor located in bone for the heat evaluation 

Based on previous methods, three thermocouples (TT-K-36 K-type, 

Omega, Stanford, USA) were inserted into each hole (1 mm diameter) placed 

0.5 mm lateral to the perforations in the bone with different lengths of 1, 5, 

and 10 mm [18]. To avoid electronic interference between sensors, insulated 

silicone coating (Silicone Varnish, Spray, S-830 NABAKEM® , Sihung, 

Korea) was applied to the thermocouples. Thermoconductive paste (Super 

Lube® , Bohemia, USA) was applied to the thermocouples to prevent the error 

induced by heat loss or outer environment, and the coated thermocouples 

were inserted into the holes. Heat produced from removal of the bone was 

measured and recorded by the thermocouple. 

2.2. Themosensor located in contact with the proximal end of the drill for 

the heat evaluation 
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Based on previous methods, a thermocouple was inserted into the 

proximal end of the drill made of stainless steel (Zimmer Dental Inc., 

Carlsbad, USA) using an 18-gauge needle and placed in contact with the 

distal drill to measure temperature of the drill itself [14,15]. In this case, the 

heat generated from the friction between thermosensor and the proximal end 

of the drill. The other end of the thermocouple was connected to the computer 

by a signal conditioner circuit (Thermocouple conditioner and Setpoint 

controller, Analog Devices, AD597, Norwood, USA) and a data acquisition 

board (NI cDAQ-9174, NI 9205, National Instrument, Austin, USA). The 

thermocouple diameter was 0.019 inch, accuracy was 0.4%, and the 

responding speed was 3 m/sec. 

2.3. Rotating themosensor in complete-contact with the drill for the 

improved heat evaluation 

Whereas the previous drill temperature measurement method described 

above has ignored the heat generated from the friction between the 

thermocouple and the proximal end of the drill, we have custom-built a 

rotating thermocouple with a sling ring at the end of the thermocouple (Fig. 

1a) [14,15]. that can rotate with the drill. This new method has successfully 

eliminated the heat from the friction (the average 5 ̊ C increased by the friction; 

details are demonstrated in the results section in this paper). A mercury-
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containing slip ring (A2S, AK-Slip Ring, Inchon, South Korea) was also used 

to deliver the signal measured at the rotating drill to the processing unit (Fig. 

1a) without a heat loss. Another thermocouple was placed to measure the 

ambient temperature. Infrared sensors (DTS-150, DIWELL, Gunpo, Korea) 

were located around the drill hole to analyze the changes in the temperature 

of drill surface at the time of drilling; that is compliment to the direct 

temperature measurement using the rotating thermocouple inside the drill. All 

the measured temperatures were recorded and saved on a personal computer 

using Labview 2009 software (National Instrument) (Fig. 1b).  

 

 

(a) 
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(b) 

Figure 1. (a) A sectional view of the drill and slip ring assembly, 

               (b) A custom-made experimental device and drilling motor. 

 

2.4. Equipment set up 

A surgical handpiece (Strong acl-41I, Saeshin Precision Co., Ltd., 

Daegu, Korea) was fixed to a stationary base to allow only upward 

and downward movement of the drill. An isotonic saline (0.90 w/v % 

of NaCl) bath was located below the surgical handpiece, and equipped 

with a lock device used to fix the bone block and restrict movement 

during drilling. Precise adjustment of the location of bone block was 
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feasible with the 3D adjusting table placed below the bath. A tube 

connected a thermostat-controlled water bath to maintain consistent water 

level and temperature at 37 ̊ C (Fig. 1b). The inferior half of the bone installed 

with the thermocouple was submerged below the solution to simulate the 

clinical environments in mouth. An infrared sensor was placed to measure the 

surface temperature simultaneously during the heat measurement with the 

thermocouples. The surgical handpiece was operated using the implant 

drilling motor (Traus xip10, Neobiotech, Seoul, South Korea). The gear ratio 

was 20:1, the drill rotating speed was 1200 rpm (commonly recommended 

speed in dental implant clinical situations), and insertion torque was at 30 N. 

An 800 g calibration weight was placed on top of the handpiece to maintain 

the consistent compressive force (Fig. 1b). The drilling was immediately 

stopped once reaching the specified depth. Once the temperature became 

stable for 30 seconds, the thermosensors started to record the temperature. 

The temperature changes were measured at different drilling speed from 500 

rpm to 2000 rpm. We did not use water cooling (irrigation) to avoid electronic 

interference. The procedure was repeated 10 times, and the average and 

standard deviation were calculated. 

2.5. Statistical Analysis 
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The maximum temperature value was statistically analyzed using one-

way ANOVA. Scheffe’s multiple comparison test was used to verify the 

significance between groups at α = 0.05 (SPSS 20.0, IBM, Chicago, USA). 
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3. Results 

 

The average maximum temperature at each rotating speed and drilling 

depth is shown in Fig. 2, and the temperature changes at 500, 1200 and 2000 

rpm are illustrated in Fig. 3. The direct drilling temperature without the 

rotating slip ring on thermosensor, used in previous works, recorded average 

8 ˚C higher than our methods with the rotating slip ring at all speeds. The 

mean values of peak temperature by drill speed and measuring depth is shown 

in Table 1. 

 

 

Figure 2. Comparison of implant drilling temperature measured at drill with/ without 

slip ring or inside bone at a depth of 1, 5, and 10 mm, respectively, as a 

function of rotation speed. 
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Figure 3. (a) The mean values of thermal change during drilling at 

500 rpm; (b) at 1200 rpm; (c) at 2000 rpm. 

 

Table 1. Mean values of peak temperature by drill speed and measuring depth  

RPM Drill 
1 mm  

depth 

5 mm  

depth 

10 mm  

depth 
IR 

500 a 51.4 ± 3.8 a 34.5 ± 1.6 a 37.9 ± 2.5 a 42.7 ± 2.7 a 37.7 ± 2.9 

1200 b 68.5 ± 3.9 a 36.1 ± 1.0 a 39.4 ± 1.8 a 44.0 ± 1.9 a 38.1 ± 2.4 

2000 c 82.7 ± 5.7 b 38.1 ± 2.4 b 45.0 ± 1.5 b 50.6 ± 4.2 a 39.9 ± 3.4 

a,b,c Different letters in each column indicate statistical significance among 

groups (p<0.05). 
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When drilling speed was at 500 rpm, the temperature of the drill 

increased rapidly once the drilling started, and the maximum temperature of 

mean 51.4 ˚C, SD (standard deviation) 3.8, was reached in 5 seconds when 

the drill reached to 10 mm depth. On the other hands, the thermocouples in 

the bone reached the maximum temperature (mean 42.7 ˚C, SD 2.7) after 7 

seconds.   

When drilling speed was at 1200 rpm, the temperature of the drill 

increased rapidly once the drilling started, and the maximum temperature 

(mean 68.5 ˚C, SD 3.9) was reached in 5 seconds when the drill reached to 10 

mm depth. On the other hands, the thermocouples in the bone reached the 

maximum temperature (mean 44.0 ˚C, SD 1.9) after 9 seconds.  

When drilling speed was at 2000 rpm, the temperature measured inside 

the drill increased rapidly once the drilling started, and the maximum 

temperature (mean 82.7 ˚C, SD 5.7) was reached in 4 seconds when the drill 

reached the depth of 10 mm. On the other hands, the thermocouples in the 

bone showed the maximum temperature (mean 50.6 ˚C, SD 4.2) after 9 

seconds. 

The temperature changes at all three different rotating speeds showed 

similar pattern one another. The maximum temperature measured inside the 

bone was at 10 mm depth compared to those measured at 5 mm and 1 mm 

depths. 



14 

 

The temperature differences at 1 mm depth as a function of drilling speed 

were very small (mean 34.5 ˚C, SD 1.6, to man 38.1 ̊ C, SD 2.4) whereas those 

at 5 mm depth (mean 37.9 ˚C, SD 2.5, to mean 45.0 ˚C, SD 1.5) and 10 mm 

(mean 42.7 ˚C, SD 2.7, to mean 50.6 ˚C, SD 4.2) depth were much more 

pronounced. The surface temperature measured using IR sensor was 

corroborated to the temperature measured at 1 mm depth in bone. 

The maximum temperature of the drill increased rapidly within 4-5 

seconds whereas the temperature measured inside bone reached to the 

maximum temperature after 7-9 seconds regardless of the drill rotating speed. 

The thermocouple located in the bone indicated the maximum temperature at 

depth of 10 mm when the drill temperature started decreasing, showing the 

disparity. The temperature measured on the drill decreased significantly after 

the drill stopped whereas the temperature measured in bone decreased slowly 

after drill stopped in 5 seconds.  

We have confirmed that the highest temperature values at each rotating 

speed were statistically significantly different and the maximum temperature 

varied relying on the drilling depth (p<0.05).  

It was not possible to observe significant difference in the maximum 

temperatures between the drilling speed of 500 rpm and 1200 rpm. However, 

the maximum temperature measured at 2000 rpm showed significant 
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difference from those of 500 rpm and 1200 rpm. The ambient temperature 

was not significantly changed and remained fairly consistent. 
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4. Discussion 

 

During dental implant surgery, especially when performing steps of drilling 

procedure, comprehensive awareness of the heat production by friction 

between the interface of the drill and the bone, and minimizing them based 

on the study which had well-established experimental design is very 

important to reduce potential injury to the native osseous tissue because 

thermal injury to the bone tissues around the implant restrain osseointegration 

and may also cause implant failures and retreatments are very hectic to both 

patients and surgeons [3,4,7,9,19]. There were many studies to investigate the 

heat generation during implant site preparation, but the techniques to measure 

the temperature changes are not very close to the real clinical environments. 

It was further than 0.5 mm of distance from the interface of the bone in touch 

with where the measurement was made in most of the previous research, but 

the heat injuries happens at the superficial part of the tissue at contact [5]. In 

the recent studies, they have tried to elucidate the change of the temperature 

directly from the drill itself however, they were not able to consider heat 

production by the friction between the thermosensor and drill in the 

experimental setting.     

In present study, we designed a custom-build drill installed a rotating 

thermocouple inside to overcome friction. After building a custom-made drill, 
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we evaluated the temperature change from the inside of the drill which allows 

to measure heat variance in real time. We have obtained the temperature in a 

various experimental condition and the value was varied depending on 

drilling speed and depth. The results showed difference among the various 

rotatory speeds and depth of the drilling, which reject the null hypothesis that 

there is no significant difference in the temperature among the different 

drilling speeds and depths. 

When evaluating the temperature change in terms of the depth in the bone, 

the heat generation is focused mostly at the tip of the drill where most friction 

and compressive forces are applied [20]. The previous reports which took the 

method of utilizing the infrared ray sensor to measure the temperature did not 

fully apprehend the actual temperature alterations in the implant osteotomy 

because the temperature measured on the upper portion of the drill did not 

shift in the same pattern as opposed to the lower part of the drill which are 

placed in the bone during osteotomy, and the infrared ray sensor is only able 

to measure at the entrance of the drill hole especially in the beginning of 

drilling [21].  

 An 800 g of weight was adopted in the present study in accordance with the 

past reports (when an oral and maxillofacial surgeon perform the osteotomy, 

6-24 N of pressure was applied) [22,23]. The implant insertion torque was set 
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to 30 N as this value was suggested to be the minimum torque which would 

not develop excessive pressure to the bone around the implant but enough to 

stabilize the fixture sufficiently in place [24,25]. The recommended rotatory 

speed of the drill by the manufacturer was various from 1000 to 1500 rpm, 

and we adopted the speed from 500 to 2000 rpm [21].  

 As we accelerate the drilling speed, friction force and minimal temperature 

also increased, however time consumed for drilling to reach the planed 

depth got shorten [26]. In this study, at faster rotational speed, the temperature 

rose up more quickly and the highest temperature was also greater as reported 

in the previous research, which implies that the temperature of the bone 

increased as the rotational speed of the drill enhanced [27]. The outline of the 

temperature change measured in this study showed similar pattern at all the 

drilling speeds.  

 A stainless steel is common material for manufacturing drill which mostly 

utilized for dental implant osteotomy, has 14-fold greater thermal conductivity 

and a 30-fold greater thermal diffusion disparity compared to cortical bones 

[13,28]. It can be easily assumed that measuring the heat generation with a 

thermosensor installed in the bone where the distance is less than 0.5 mm is 

not possible because thin bony layer between the thermocouple and the drill 

will be destroyed by drilling for sure. Hence, we’ve chosen the method of 
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measuring the temperature of the drill utilizing a rotating thermocouple in 

direct contact. We also found important observation that evaluating heat 

generation without rotating slip ring, the method suggested in the previous 

study, not accurate because it showed much higher value compared to our 

method of equipped with the rotating slip ring on a thermosensor. The higher 

temperature measured in that study seemed to stem from the frictional heat 

between the stationary thermocouple. 

 It’s been well documented in the previous animal study that the osseous 

tissues will be degenerated when the temperature is higher than 56 
◦C, and the 

immediate injury of osseous tissues were observed when exposed to the 

temperature at > 53 
◦C in one second [29-31]. In the current study, we have 

noticed a clear discrepancy in the maximum temperature and temperature 

changes of the drill compared to those of the bone. The temperature measured 

at the drill-bone interface exceed 80 ˚C when drilling was done following the 

manufacturer’s guideline; this data indicate that there would be result in a 

potential and significant damage to the osseous tissue [29]. Moreover, we have 

identified that the actual temperature on the drill surge much higher than the 

temperature acquired by the methods used in the prior studies [18]. The mean 

value of the peak temperature of the drill was over 50, 60, and 80 ˚C, 

respectively at 500, 1200, and 2000 rpm of the drilling speed. Temperature of 

the drill reached its highest temperature much quicker than temperature 
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measured from the thermocouple placed inside the bone, temperatures of the 

drill were 40, 45, and 50 ˚C, at 500, 1200, and 2000 rpm of the drilling speed 

respectively, which indicate slow heat transfer in the bone.  

The highest temperature was observed at the thermocouple installed in the 

depth of 10 mm inside bone. This result may attribute to more friction applied 

on the top of the drilling tips and minimal heat transfer due to increased 

drilling depth. There were studies suggesting that external irrigation might 

not be enough for cooling as the drill move in deeper part of the bone [20,30]. 

As the vascular system inside the osseous tissue provide certain degree of 

cooling during drilling into the bone, in vitro experiments were not able to 

fully reflect this phenomenon when utilizing artificial bone models or 

cadavers [32]. Therefore, it could be perceived that the temperature observed 

in vivo study might be lower than in vitro experiment and less deleterious to 

the bony tissue [1]. However, given the fact that the bone will get detrimental 

effects when exposed to one second at the temperature above 53 

◦C, the 

outcome came up in present study that the temperature of the drill surge to 80 

◦C in 5 seconds should be carefully considered to implant surgeons or dentists 

when performing osteotomy for implant site preparation [29,31].  

Clinical implication of this study suggests that there will be much higher 

heat production than reported in the previous research in the implant drilling 

procedure. Dental implant surgeons should take great care of the implant 
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surgical procedure to minimize heat generation, especially in osteotomy. 

Extra irrigation method might be indicated when excessive heat generation is 

expected such as high bone density, thick cortical bone, deep drilling depth 

[33]. Recently, guided implant surgery has advocated advantages in terms of 

accuracy, reduced surgical time and less surgical error over conventional 

surgical approach [34]. So, it has drawn much more attention compared to the 

conventional surgical procedure. However, there is growing concern that 

necrosis due to heat production may result in during guided osteotomy 

preparation because the surgical guide may inhibit the irrigation solution from 

getting into the osteotomy site. In addition, the friction between the drill and 

the sleeve of the surgical guide might also contribute to the additive heat 

generation [35]. Therefore, it should be recommended to carefully approach 

when performing guided osteotomy procedure to reduce heat damage to the 

osseous tissue. Additional intra-oral irrigation and intermittent drilling 

procedure should be strongly emphasized in case of guided implant surgical 

procedure.         
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5. Conclusions 

 

 

Current study has adopted a method of specially designed drilling bur in 

which the thermocouple was embedded to measure more precisely the real 

heat transferred in the bone while the osteotomy procedure for the first time.  

The temperature measured at the drill surface advocated significantly higher 

value when compared to the value measured from the thermocouple inside 

bone reported in the previous reports. Even though it is short duration, such a 

high temperature generated by the friction between drill and bone can give 

rise to a negative influence on the native bone tissues in osteotomy. This study 

provides a more clinically relevant mechanical study set up for the evaluation 

of the implant drilling and going to pave the way to design a more plausible 

implant drilling protocol to prevent bone tissues damages in various clinical 

conditions.  
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국문요약 

 

치과 임플란트 식립을 위한 드릴링 

시 발생하는 열의 직접 측정 
 

 

서울대학교 대학원 치의과학과 치과생체재료과학 전공 

(지도교수 안 진 수) 

 

김 용 수 

 

본 연구의 목적은 임플란트 식립을 위해 드릴링을 시행할 때 발생하는 

열을 직접적으로 측정하는 것이다. 실험을 통해 측정된 온도는 치조골 

내에서 측정되었던 방식으로 이전에 수행되었던 연구에서의 온도와 비교

하였다. 드릴의 온도변화는 18게이지 needle과 수은을 포함하는 slip 

ring을 사용하여 스테인리스 스틸 드릴의 내부에 열-센서를 삽입하는 

방식으로 측정하였다. 그리고 세개의 추가적인 열-센서를 치조골 모델

에 삽입시켰고 각각 10 mm, 5 mm, 1 mm 등의 다른 두께로 치조골 모

델에 위치시키도록 하였다. 열-센서들은 드릴 직경 3.4 mm로 치조골 

모델에 형성된 구멍과 수평적으로 0.5 mm 떨어져 위치하도록 하였다. 
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드릴의 회전 속도는 500 rpm 1200 rpm, 2000 rpm 등으로 다양하게 회

전시키도록 하였다. 각각의 드릴링 시술은 10 회씩 반복하여 그 평균을 

계산하였다. 드릴에서 측정된 온도는 드릴링 시작 후 급작스럽게 증가하

였고 드릴의 온도가 감소하기 시작한 후에 치조골 모형에 삽입된 열센서

에서 측정된 온도가 최대치에 도달하였다. 깊이에 따른 온도변화를 보면 

깊이 10 mm에서 치조골 모델에서 측정된 수치 중에서 최대치를 보였다. 

치조골 모델에서의 드릴링 시 온도 변화의 추세를 보면 다양한 드릴 회

전수에도 열변화의 패턴은 증가했다가 최대치에 다다르고 서서히 감소하

는 형태로 유사한 양상을 보였다. 실제 이번 연구에서 측정된 드릴과 치

조골 모델 계면에서의 최대 온도는 골 내부에서 측정을 시행한 이전 연

구들에서 보고된 측정 수치들 보다 유의하게 높게 측정되었다.   
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