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ABSTRACT 

	Aim: To evaluate whether applying heat to the implant surface can reduce the torque of the prosthetic screw. Study Design: Comparative in vitro experimental study. Place and Duration of Study: Department of Restorative Dentistry, School of Dentistry, Federal University of Minas Gerais between January 2023 and March 2025. Materials and Methods: In this in vitro study, a total of 40 implants were installed in bovine rib blocks, featuring Morse taper (MT) and external hexagon (EH) connections and they were divided into 4 groups: MT test (n =10), MT control (n=10), EH test (n=10) and EH control (n=10). Heat was applied at 47°C to the test groups prior to measuring the detorque of the prosthetic screws. The detorque value was also measured for the control groups. Data were analyzed using IBM SPSS Statistics (Version 26). Descriptive analysis, Shapiro-Wilk test for normality, and paired t-test were performed, with a significance level set at 5% (P=.05). Results: The results showed no significant differences in torque compared to the experimental group. Conclusion: The application of heat at 47ºC did not reduce the torque of prosthetic screws in dental implants. Although these results were obtained under controlled in vitro conditions, they suggest that exposure to 47°C — similar to temperatures during hot food ingestion — does not significantly affect prosthetic screw removal. Clinical studies are required to validate these findings and assess their practical implications.
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1. INTRODUCTION 


Due the increasing use of dental implants in dentistry and the need to create a long-lasting system, mechanical challenges have become inevitable in the pursuit of the best treatment option.[1] Screw fractures and irreparable prosthetic component failures are the most recurrent complications.[2] Therefore, the problem goes beyond implants, as the removal and insertion of prosthetic components also present challenges for the clinician. Manufacturing defects or errors in the screw thread design may explain fractures of abutments or abutment screws.[3] Additionally, the interface design can significantly influence the stability of the connection between components. [4]
	Some techniques are already used to remove those prosthetic screws. The use of ultrasound equipment or the creation of a channel using a high-speed handpiece in the prosthetic screw to obtain higher adherence as well as the use of rescue kits are some of them. [5,6] However, in certain situations these techniques may not be suitable or enough, since they can damage the internal configuration of the implant or generate too much heat in the bone structure.[7]
	A study demonstrated that temperature variation may be a solution to minimize the prosthetic challenge regarding abutments removal, as it causes material expansion and reduces contact between the screw’s  surface and the internal threads of the implant.[8]  Beside that, it is a factor capable of reverting e reducing the torque, making easier to remove the screws.[9] This occurs due to the cooling process, which induces a decrease in plastic deformation as a result of the alteration of the crystalline slip plane, leading to a potential weakening of the metal.[10] 
	The cooling effect on different indexed implant screws was also evaluated in another study and it was confirmed that it reduces the preload and facilitates removal of screw’s  fragments, but the effect is dependent on implant connection and its abutment.[11] Despite the promising results obtained by these studies on the effects of temperature reduction on detorque of prosthetic screws, there are still no data in dental literature which associate the direct application of heat, promoting temperature increase, for the removal of abutments. 
	Thermal conductivity is the heat transfer capacity of each material.[3]  Some studies have already shown the entry of energy as a form of weakening bone-implant fixation, [12,13] but there is no study which correlates the gain of energy with the loosening and removal of prosthetic screws. 
For this reason, studies evaluating the relation between heat application and torque as a form of solving those mechanical challenges involving prosthetic screws are needed. Knowing these interactions could provide alternatives to simplify the clinical routine of dentists, especially when it comes to removing stripped screws. Therefore, the aim of this study is to evaluate whether the heat application to the surface of the prosthetic screw can reduce its torque. The null hypothesis of this study is that heat doesn’t interfere with the torque value of the prosthetic screws.  


2. MATERIAL AND METHODS 


In this quantitative, experimental, in vitro study, a trained and calibrated examiner (K= 0,87) performed the laboratory analysis. It used bovine rib blocks due to its similarity in macroscopic structure to the human jawbone. Since the bovine ribs were obtained post-slaughter from the local food market, the study was not submitted to the animal ethics committee.[14] The bone segments underwent a cleaning process to remove soft tissue, and the dimensions were standardized (6 cm - length x 1.2 cm - width x 4 cm - height). The sample size calculation for mean comparison was performed.[15] A standard deviation of 2.84 Ncm was considered,[11] with a detectable difference between groups set at 3 Ncm in torque value. A 95% significance level and 80% test power were adopted, determining a sample size of 10 implants per group. Were used Morse taper (MT) and external hexagon (EH) connections, both implants type measuring 4.1 mm x 10 mm (Bionnovation, Juiz de Fora, Minas Gerais, Brazil) and they were divided  de forma aleatória (randomização simples) into 4 groups: MT test (n =10), MT control (n=10), EH test (n=10) and EH control (n=10). The implant sites were prepared according to the manufacturer's protocol, using a 20:1 reduction handpiece. The implants were installed in an alternating manner, with one implant from the MT group and one from the EH group side by side in the bone block. The final position of the implants was at crest level. The bone segments were fixed in a bench vise to prevent movement during the tests (figure 1).[16] 
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Fig. 1: External hexagon (EH) and Morse taper (MT) implants and prosthetic screws installed in bovine ribs.

Each connection (MT and EH) was divided into 2 subgroups: control group (without heat application) and test group (with heat applied at 47º C). Heat was applied to the prosthetic screws using a fine tip of an electric dropper, its temperature was measured with a digital thermometer (figure 2) adopting the temperature of 47º C considering that it’s the highest temperature supported by bone without damaging it.[12,13]. Additionally, it has been reported in the literature, and Barclay, Spence and Laird (2005) demonstrated that temperatures up to 48 °C applied for 5 seconds to the oral mucosa did not cause irreversible damage, supporting the clinical safety of using 47 °C for brief thermal application during dental procedures. [17]	
	All the prosthetic screws were torqued according to instructions by the manufacturer with a calibrated digital torque meter (Lutron TQ - 8800): MT screws received a torque of 20 Ncm, while EH screws received a torque of 32 Ncm. In all groups, the torque was reapplied after 10 minutes using the digital torque meter to compensate for the effects caused by the settling phenomenon.[18] Each group had the detorque of the prosthetic screw measured using the digital torque meter. In the test group, the detorque was realized after the heat application for 60 seconds (figure 3), as in the control group it was realized without the heat application. All the values were recorded in a spreadsheet and transferred to the statistical analysis software.
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Fig. 2: Fine-point measurement of the electric dropper to ensure the temperature does not exceed 47°C.
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Fig. 3: Heat application for 60 seconds on the prosthetic screws belonging to the experimental group.
The data were analyzed using the IBM SPSS Statistics software (IBM SPSS Statistics for Windows, Version 26. Armonk, NY: IBM Corp). Descriptive analysis was performed to obtain the mean and standard deviation. The Shapiro-Wilk test was used to assess data normality. A paired t-test was applied to compare the groups. A significance level of 5% (P=.05) was adopted.
3. RESULTS AND DISCUSSION

The mean detorque value for the EH control group was 16.34 Ncm (SD = 5.15), while the EH test group, which received heat application, showed a mean value of 13.61 Ncm (SD = 4.98). However, this difference was not statistically significant (P = 0.269).
For the MT groups, the control group presented a mean detorque of 8.92 Ncm (SD = 2.58), compared to 8.60 Ncm (SD = 2.30) in the MT test group, also with no statistically significant difference (P = 0.780).
No significant difference in detorque was observed between the control and test group, where heat of approximately 47°C was applied (table 1). 

Table 1: Comparison of detorque values measured in the control group and the test group.
	
	Detorque
	

	
	Mean
(Ncm)
	SD
	*P

	EH control (n=10)
	16,34
	5,15
	

	
EH test (n=10)
	
13,61
	
4,98
	0,269

	
	
	
	

	MT control (n=10)
	8,92
	2,58
	

	
MT test (n=10)
	
8,60
	
2,30
	0,780

	
	
	
	


*Paired t-test.

The present study evaluated the effect of heat application on the detorque values of prosthetic screws, as well as the influence of the prosthetic connection on these values. The results showed that heat application aiming to decrease the torque of prosthetic screws did not show significant difference compared to the control group. Furthermore, the prosthetic connection also presents no significant difference regarding the detorque after heat application. 
The literature presents studies with similar methodologies but different results, however, using the cooling technique. It has been proven screw cooling causes a decrease of plastic deformation due to the reduction in the crystalline slip plane, leading to  metal weakening. [10] 
Joda et al. (2013)[8] described the cryomechanical method, which consists in the tension release of an abutment screw after cooling it, facilitating its removal.[8]  Besides that, it was established that there was no alteration in the implant-abutment interface, as intact osseointegration was confirmed after 10 years. Concerning the clinical applicability, a study demonstrated that approximately 20% of the cases involving stripped screws were removable through the cooling technique, thereby showing the practical relevance of thermal alteration.[11]
	The effects on detorque values were evaluated using two types of prosthetic connections in the present study (MT and EH). No significant differences were observed in torque loss in any of the groups (control vs. test, MT vs. EH). Nevertheless, there is evidence in the literature which demonstrates that tapered connections are more favorable for initial torque maintenance.[19] 
	
	In the study of Srimurugan-Thayanithi et al. (2023)[11], verification and tightening of the prosthetic screws in both implant groups were performed after 10 minutes to ensure the torque. The same procedure was adopted in the present study to eliminate preload loss due to the difference between insertion and reverse torque values.[20,21]  Preload occurs because the screw undergoes elastic deformation and elongates when tightened, thereby creating a tensile force.[22] As a result, the implant acts as a tensioned spring, generating a force that maintains fixation and contributes to implant-screw stability. [23]
The loosening provoked by temperature changes can occur due two main reasons: the creep behavior of materials and the relative movements caused by the difference in thermal expansion of the materials.[24] In mechanical engineering, the increase in temperature for removal of threaded components is already a well-established practice, and many studies have been performed to assess this effect.[25,26,27] However, the relationship between heat application and the torque of prosthetic screw has not yet been demonstrated in any scientific study. Therefore, research investigating this relationship is of great importance. This correlation has been explored only in the context of removing osseointegrated implants through limited thermal necrosis’ induction at the bone-implant interface.[12,13] As a consequence, it was verified that the heat generation on the internal surface of the implant collar can induce its removal with a force below 30 Ncm, without apparent bone loss or macroscopic bone necrosis.[28]  
As discussed above, it is essential to consider the temperature threshold for transient changes in bone. Many studies have shown that the ideal temperature limit tolerable by bone is 47 °C.[17,29]   Exceeding this temperature can lead to necrosis, enzyme inactivation, protein denaturation, bone resorption, hyperemia, and increased osteoclastic and osteoblastic activity in bone tissues. [30] Therefore, one limitation of this study is determining how much of the heat applied to the prosthetic screw is transferred to the individual's bone and whether all the applied temperature is effectively converted into heat within the bone. This limitation arises from the fact that temperature measurements were taken at the heat applicator instrument. Pure titanium, as well as titanium alloys, has low thermal conductivity compared to other metals.[31,32]    So, considering the low thermal conductivity of titanium implants, a higher temperature could potentially be applied directly to the prosthetic screw, which might result in different outcomes. New studies should be conducted to find strategies for the removal of prosthetic components without damaging structures or interfering with the rehabilitative treatment.
Future in vitro studies should be conducted to analyze the effect of heating on different types of implants. However, since bone has a temperature threshold that must not be exceeded, applying heat at appropriate temperatures may sometimes not be sufficient to address this situation. Therefore, future research evaluating new strategies for prosthetic screw removal should be carried out to prevent alterations to the internal configuration of the implant or heating of the bone structure. This is important as implants are increasingly being used as treatment options but may be accompanied by some mechanical and biological complications.[33,34] These complications are associated with clinical practice and are therefore unfavorable for the success of rehabilitative treatment.[35,36]
This study presents advances in the literature as it is an in vitro study that ensures precision and control, in addition to comparing the two most clinically used types of implants. Investigating methods that facilitate the removal of prosthetic screws without damaging the implant platform or adjacent tissues is of utmost importance to ensure the success of the patient’s rehabilitative treatment and the overall treatment conducted by the clinician. 
4. CONCLUSION
It was concluded that the application of heat (47ºC) did not have an influence on the removal of these components, either MT or EH implants.
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