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Evaluation of Heat Transfer to the Implant-Bone Interface 
During Removal of Metal Copings Cemented onto  
Titanium Abutments
Umut Cakan, DDS, PhD1/Murat Cakan, PhD2/Cagri Delilbasi, DDS, PhD3

Purpose: The aim of this investigation was to measure the temperature increase due to heat 
transferred to the implant-bone interface when the abutment screw channel is accessed 
or a metal-ceramic crown is sectioned buccally with diamond or tungsten carbide bur 
using an air rotor, with or without irrigation. Materials and Methods: Cobalt-chromium 
copings were cemented onto straight titanium abutments. The temperature changes 
during removal of the copings were recorded over a period of 1 minute. Results: The 
sectioning of coping with diamond bur and without water irrigation generated the highest 
temperature change at the cervical part of the implant. Conclusion: Both crown removal 
methods resulted in an increase in temperature at the implant-bone interface. However, 
this temperature change did not exceed 47°C, the potentially damaging threshold for bone 
reported in the literature. Int J Prosthodont 2016;29:290–292. doi: 10.11607/ijp.4561

Removal of a cement-retained implant-supported 
restoration may be necessary when prosthetic 

complications such as loosening of an abutment 
screw or fracture of veneering ceramic occur. If the 
adhesive bond of the cement cannot be broken, the 
restoration can be removed by drilling through the 
restoration screw access channel or sectioning the 
restoration with a high-speed dental handpiece.1 

These interventions may generate frictional heat, and 
overheating the implant-bone interface along the  
implant body may result in bone necrosis leading to 
implant failure.2

Studies have been published on the effect of 
zirconia crown removal on heat transfer to the 
implant-bone interface, but equivalent studies on 
metal crown removal have not.1,3 The purpose of this 
investigation was to measure the temperature rise 
due to heat transferred to the implant-bone interface 

when the abutment screw channel is accessed or a 
metal coping is sectioned buccally with diamond or 
tungsten carbide bur using an air rotor, with or with-
out irrigation.

Materials and Methods

Type K thermocouples were twisted around a titanium 
implant (AnyRidge, MegaGen). Then the assembly 
was embedded into type III dental stone (Figs 1 and 
2), which was considered to simulate the thermal be-
havior of bone since the thermal conductivity coeffi-
cients of bone and dental stone are proximate.4 

A straight titanium abutment (EZ Post, MegaGen) 
with 2-mm gingival height was screwed onto the im-
plant, and a 1-mm-thick cobalt-chromium (Co-Cr) 
coping was temporarily cemented. 

The abutment screw channels were accessed 
through copings, or copings were buccally sectioned 
with either straight coarse (151 µm) diamond burs 
(S6837KR, Komet) or tungsten carbide burs (H35L, 
Komet) with or without water irrigation, using an air 
rotor with a rotation speed of 400,000 rpm in a water 
bath over a period of 1 minute (Fig 3). For each test 
modality, a new abutment, coping, and bur were used. 
The temperature changes were recorded via three 
thermocouples. 

Results

The most rapid temperature changes were recorded 
by the thermocouple attached to the cervical part of 
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the implant. The highest temperature, 40.6°C, was 
observed during coping sectioning with a diamond 
bur and without water irrigation (Fig 4). The lowest 
temperature measured was 34.9°C for screw access-
ing with tungsten carbide bur with water irrigation 
(Table 1). The screw accessing method generated 
lower temperature changes at the implant-bone in-
terface than the crown sectioning method. For both 
methods, the use of diamond bur generated higher 
temperature values in comparison with tungsten car-
bide bur.

Discussion

The temperature changes at the cervical part of the 
implant were more pronounced than those at the 
middle and apical parts of the implant, which was 
probably the result of the proximity of the bur or wa-
ter irrigation.

The maximum increase in temperature for coping 
sectioning with diamond bur and without irrigation 
may be attributed to the lack of the cooling effect of 
irrigation and more friction generated by the coarse 

Fig 1    Type K thermocouples twisted 
around the cervical, middle, and apical parts 
of a titanium implant with a diameter of 4 mm 
and a length of 11.5 mm.

Fig 2    Implant and thermocouple assem-
bly embedded in type III dental stone with 
additional thermocouples randomly placed 
into the stone block for ambient temperature 
control.

Fig 3    Experimental setup with a rubber 
dam at the cervix of the abutment and im-
mersed in the thermostatically controlled 
water bath at 38°C.

Fig 4    Representative temperature record during crown sectioning 
with diamond bur and without irrigation for 1 minute.

Table 1    �Test Modalities and Maximum Temperature 
(°C) Measured Through Cervical 
Thermocouple

Method Bur type Irrigation

Maximum 
temperature 

measured (°C)

Coping sectioning Diamond + 35.05

Coping sectioning Diamond _ 40.63

Coping sectioning Tungsten carbide + 35.06

Coping sectioning Tungsten carbide _ 36.79

Screw accessing Diamond + 35.51

Screw accessing Diamond _ 35.54

Screw accessing Tungsten carbide + 34.99 

Screw accessing Tungsten carbide _ 35.02
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diamond bur.5 On the other hand, when screw chan-
nel accessing was applied without irrrigation, the 
slight increase in temperature may be related to the 
relatively long distance between the occlusal drilling 
point and the cervical thermocouple.1

The application of continuous force for 1 minute 
was preferred to simulate an exaggerated period, 
which may provide information to clinicians about the 
maximum temperature anticipated during the cutting 
process.

Further investigations with different rotary instru-
ments and burs with different grit sizes will contribute 
to the present findings. 

Conclusions

Within the limitations of this study, both crown remov-
al methods applied with diamond or tungsten carbide 
burs with or without irrigation in a period of 1 minute 
resulted in an increase in temperature at the implant-
bone interface. However, this temperature change did 
not exceed 47°C, the potentially damaging threshold 
for bone reported in the literature.
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