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ABSTRACT 
Teeth that have been replaced have significantly different thermal behavior than natural teeth due to the 

exceptional heat conductivity of the metals used for restorations, such as titanium or titanium alloy. Aim of the 

study: The current ex vivo investigation sets out to quantify temperature shifts in implant. We postulated that 

titanium dental implants could attain dangerously high temperatures due to heat conduction and the subsequent 

transmission of heat to the surrounding bone. Material And Method: Building a three-dimensional model was 

an integral part of the study with the help of Catia V5R19 program. We generated an assembly bone-implant-

PMMA crown with all component elements of the complex exhibiting linear elasticity and isotropic properties of 

the same quality. We also conducted FEM analyses for the entire assembly, considering a range of values for 

temperature to which the whole complex was exposed. Results: As temperatures rise, the thermal flux affects the 

implant and the PMMA crown, with thermal deformations caused by expansion appearing as a 

result.Conclusions: When assessing the efficacy of metal dental implants, thermal stress must be considered.  
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INTRODUCTION 

Problems associated with tooth loss have 

troubled humans for ages, despite great 

advances in the detection, prevention, 

management, and treatment of oral-dental 

illnesses. The idea of using an implant to 

replace a lost tooth has been around for a 

long time. A variety of materials, such as 

ivory, bone, metals, and valuable stones, 

were first used to create an anatomical 

model of the actual tooth [1,2]. Dental 

implants are becoming more popular 

among patients of all ages who are looking 

to replace a single tooth, multiple teeth, or 

even all of them. When people get dental 

implants, their lives are transformed. They 

regain the comfort and self-assurance to 

chew, eat, speak, smile, laugh, socialize, 

and enjoy life in general. This greatly 

improves their quality of life [3,4]. 
One of the most distinctive aspects of food 

flavor is the sensation of temperature. 

Thermal stimulation of the oral mucosa can 

affect the emotional and sensory aspects of 

food stimuli in humans [5,6] and the 

perceived strength of specific flavor 

characteristics [7,8]. Other sources of 

phantom flavors include tongue thermal 

stimuli [9]. While research into tasting and 

other flavor modalities has advanced, our 

knowledge of how brain activity represents 

oral temperature sensed alone contributes 

to ingestive preference has remained 

stagnant.  

Every single day, teeth undergo thermal 

loading from the constant contact with hot 

food and drink. The pulp, dentin, and 

enamel all play a role in the conduction of 

heat from variations in intraoral 

temperature to the tooth surface. Enamel 

and dentin provide protection for the pulp 

from quick temperature changes because 

their thermal conductivity levels are lower 

[8].  
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Since metals like titanium or titanium alloy, 

which are commonly utilized in clinical 

restorative applications, are outstanding 

heat conductors, the thermal behavior of 

replaced teeth differs greatly from that of 

intact teeth [10,11]. Consuming foods and 

drinks that are exceedingly hot on a regular 

basis can influence the efficacy of implant 

treatment methods, and high temperatures 

can harm tissues and organs irreparably 

[12]. 

Successful rehabilitative and restorative 

therapy requires mechanically stable dental 

implants. It can be said that 

osseointegration around the implant is the 

bedrock of dental implant therapy, thus 

playing a vital role in ensuring the desired 

stability.  

The current ex vivo investigation sets out to 

quantify temperature shifts in implant. We 

postulated that titanium dental implants 

could attain dangerously high temperatures 

due to heat conduction and the subsequent 

transmission of heat to the surrounding 

bone. 
 
MATERIALS AND METHODS 

Dental implants can only be a success if the 

bone is healthy, and the implant location is 

prepared correctly. Research has linked 

factors like cigarette use to clustering of 

dental implant failure patterns within 

participants [13]. The importance of 

minimizing mechanical and thermal stress 

on the bone during the preparation of the 

implant site has recently been 

acknowledged [13–15]. Uncontrolled 

drilling or acrylic polymerization near an 

implant abutment can cause heat-induced 

bone injury, according to prior research. 

However, temperature variations 

surrounding implants during normal oral 

functions have not been studied. 

Thermal exposure, which includes both the 

duration and the temperature, is the 

determinant of thermal damage [16]. There 

have been reports of hyperemia at 40°C.At 

42°C, proteins such procollagen and 

collagen I, which are essential in bone 

remodeling, denature [17]. Additionally, 

exposing cortical bone to 47°C for 1 minute 

produces necrosis. 

Consumption of hot beverages could 

potentially lead to an increase in 

temperature along the implant, potentially 

harming the surrounding tissues, as metals 

like titanium or titanium alloy are great heat 

conductors.  

Building a three-dimensional model was an 

integral part of the study with the help of 

Catia V5R19 program. Catia V5R19 is a 

state-of-the-art program that was first 

created in France to optimize prototype 

testing of mechanical assembly.  

The design, modeling, and analysis 

capabilities in Catia V5R19 are extensive, 

and they make use of high-performance 

CAD, CAE, CAM, or PLM models to 

create models that are both valid and useful. 

We generated an assembly bone-implant-

PMMA crown with all component elements 

of the complex exhibiting linear elasticity 

and isotropic properties of the same quality. 
After the dental implants and bone are 

computationally discretized, the mesh 

building procedure begins in order to create 

the FE model. Hexahedral and 

linear/quadratic tetrahedral elements have 

found use in the past for dental and bone 

implant applications, as seen in fig.1 
                                                        

  
                                                     

Fig.1. The discretized complex model 
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We have considered the load to be 0, meaning the entire assembly is not subjected to external 

forces. We also conducted FEM analyses for the entire assembly, considering a range of values 

for temperature to which the whole complex was exposed. Deformations occur (through 

expansions), a thermal flux (the crown supports a variable temperature, while the jaw has 37 
0C. The reference temperature (against which reporting is done, and calculations are also 

carried out) is 20 0C, that is, the ambient temperature. 
 

RESULTS  

In the following we present the results from the analyses made for different temperatures: 

2580K (-150C), 313 0K (400C), 3530K (800C). 
 In figure 2 we can notice temperature map at 2580K (-15 °C) on the tooth. It is observed that 

the implant practically does not cool down.For figure 3 and 4 It is observed that the thermal 

flux changes, compared to fig. 2, the entire complex becoming warmer. 

 
 

In figure5 we have the displacements caused by expansions. The jaw does not move. Instead, 

the tooth displacement reaches 0.012 mm, so reduced deformation. In fig. 6, compared to fig. 

5, it is observed that the displacements are smaller, with the exception of the PMMA crown. 

The maximum value is still 0.012 mm. In the meantime, in fig.7 displacements are distributed 

as in the previous situations, but this time they reach 0.03 mm (about 3 times larger). Practically 

only the PMMA crown is affected. 

 

 

 

 

 

Fig.5. The displacements for 2850K 
 

Fig.2. The map for 2850K Fig.3. The map for 3130K Fig.4. The map for 3550K 

Fig.6. The displacements for 3130K 
 

Fig.7. The displacements for 3550K 
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In fig. 8 we can see Von Mises stresses on the assembly with maximum visible values of 50-

60 MPa.In fig.9 Von Mises stresses occur in the same areas but are significantly lower while, 

in fig 10 the von Mises stresses in the assembly highlight the same stressed area as in the 

previous cases, but the maximum values decrease to a maximum of 25 MPa. 

 
 

In figure 11 we have Von Mises stresses on the crown. It is observed that, due to expansions, 

the highest stresses (20, 25 MPa) occur at the level of the contact between the crown and its 

abutment, in the lower area. In fig.12 the stressed areas remain, but the maximum values do 

not exceed 20 MPa and in fig.13 stresses on the crown, with higher values, up to 60 MPa. 

 
 

 

The graph in figure 14, suggests the evolution of deformations with temperature, almost linear 

evolution is observed, with a more pronounced increase after the tooth temperature of 400 C. 
 
 

 

 

 

 

 

 

 

 
 

 

 

Fig.8 Von Mises stresses for 2850K 
 

Fig.11 Von Mises stresses on 

PMMA for 2850K 
 

Fig.9 Von Mises stresses for 3130K 
 

Fig.10 Von Mises stresses for 3550K 
 

Fig.12 Von Mises stresses on  
PMMA for 3130K 
 

Fig.13 Von Mises stresses on  
PMMA for 3550K 
 

Fig.14 Thermal deformation 
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Along with the temperature variations, we also calculated the variations of the Poisson's ratio, 

the Von Mises forces exerted on the PMMA crown, and Young's modulus, illustrating them in 

the graphs below. 

 

           
 
 

  
 
 

 

DISCUSSION 

Because of their tight connection in the 

mouth, the abutment and implant are 

considered as a single unit for thermal 

conductivity purposes. The same 

temperatures seen at the abutment and 

inside the implant cavity could be due to the 

transmission of hot fluids from the oral 

cavity through the little gap between them. 

In their theoretical computer model, Wong 

et al. [18] proposed that when the implant 

head is heated to 60–70°C, a 47°C 

temperature front might form at a distance 

of 3–4.5 mm along the implant.  

The oral cavity temperature can rise to 

67°C16 and even 76°C to 77°C after 

drinking hot beverages, according to 

previous research [19,20]. In an ex vivo 

model of a bovine jaw with an implant, the 

highest temperatures recorded at the 

implant-bone interfaces were higher than 

the temperature threshold for transitory 

changes in bone, which is 42°C [19]. The 

importance of minimizing mechanical and 

thermal stress on the bone during the 

preparation of the implant site has recently 

been acknowledged. 

 

CONCLUSIONS 

When it comes to dental implant therapy, 

osseointegration is crucial. Although dental 

implants are a dependable and preferred 

method of treating patients who are missing 

teeth, there are some risks associated with 

using them, such as irreparable harm to 

Fig.15 Young's modulus with temperature 
 

   Fig.16 von Mises stress on the crown 
 

   Fig.17 Poisson's contraction coefficient  
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nearby tissues and organs and unfavorable 

results and sequelae. 

Our results suggest that drinking very hot 

beverages on a regular basis may contribute 

to clustering implant failures. Although 

there is a lack of evidence about the effects 

of prolonged exposure to temperatures 

higher than 4o°C or even 80°C on the 

interface between osseo integrated implants 

and bone, patients may be advised of the 

possibility of such damage. More research 

is needed to establish the risk of implant 

failure associated with patients' habitual 

consumption of extremely hot beverages, 

which they rarely mention. 

When assessing the efficacy of metal dental 

implants, thermal stress must be 

considered. 
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