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ABSTRACT 

Implant fracture is one of the rare complications in Implant Dentistry that leads to 
implants failure. 

Such complications pose important problems to both the patient and the dental surgeon. 

The objective of this comprehensive review was to examine how particular implant 
characteristics, such as diameter, length, design, connection type, position, and type of 
implants materials can lead to various complications encompassing both biological and 
mechanical issues, that may contribute to fractures or cracks in the implant fixture 

Methods: The bibliographic research was conducted in PubMed/Medline database, 
Cochrane Library, ScienceDirect, IEEE Xplore and Google Scholar from which 16 
studies published were selected. 
Results: This review also highlights the location of fractures, while reporting a 0.65% 
incidence of implant fixture fracture. Most implants functioned for 3 to 5 years before 
fracturing. However, the studies did not provide sufficient information to establish a 
correlation between different implant parameters and the incidence of fractures. 

Conclusion: Based on the reviewed studies, the design, particularly the type of 
connection, diameter, and composition of dental implants, significantly influence fracture 
risk and determine the type, position, and direction of fixture fractures. The proposed 
detailed fracture classification can aid in identifying various fixture fractures, enhancing 
understanding of fracture mechanisms and predicting potential failure points. 

 
Key words: "dental implant fixture", "crack", "fatigue", "mechanical stress", 
"fractography". 
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RESUMO 

A fratura de implante é uma das complicações raras na implantodontia que leva à falha 
dos implantes. Tais complicações apresentam problemas importantes tanto para o 
paciente quanto para o cirurgião dentista. O objetivo desta revisão abragente foi examinar 
como determinadas características dos implantes, como diâmetro, comprimento, design, 
tipo de conexão, posição e tipo de materiais dos implantes, podem levar a várias 
complicações abrangendo questões biológicas e mecânicas, que podem contribuir para 
fraturas ou fissuras no corpo do implante. 

Métodos: A pesquisa bibliográfica foi conduzida nas bases de dados PubMed/Medline 
database, Cochrane Library, ScienceDirect, IEEE Xplore and Google Scholar, das quais 
16 estudos publicados foram selecionados. 

Resultados: Esta revisão também destaca a localização das fraturas, ao mesmo tempo em 
que relata uma incidência de 0,65% de fratura do corpo do implante. A maioria dos 
implantes funcionou por 3 a 5 anos antes de fraturar. No entanto, os estudos não 
forneceram informações suficientes para estabelecer uma correlação entre os diferentes 
parâmetros dos implantes e a incidência de fraturas. 

Conclusão: Com base nos estudos revisados, o design, particularmente o tipo de conexão, 
diâmetro e composição dos implantes dentários, influencia significativamente o risco de 
fratura e determina o tipo, a posição e a direção das fraturas da fixação. A proposta 
detalhada de classificação das fraturas pode ajudar a identificar várias fraturas de corpo, 
melhorando a compreensão dos mecanismos de fratura e prevendo pontos potenciais de 
falha. 

Palavras-chave: "fractura de implante dentário", "fissura", "fadiga", "stress mecânico", 
"fractografia". 
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1 INTRODUCTION 

 

Dental implants are one of the most common treatment options for the rehabilitation of 

patients with partial or total edentulism, providing the patient with a functional and 

aesthetic solution. Although the long-term maintenance of osseointegration has been 

confirmed by several studies (Gargallo et al., 2008), as well as a high success and survival 

rate (Moraschini et al., 2015), dental implants and the prostheses they support can be 

subject to complications, in particular implant loss, which is a major problem for both 

patient and practitioner. 

There are many reasons for implant failure, including osseointegration failure, infectious 

complications leading to loss of implant-supporting tissue, and mechanical complications 

resulting in fractures of prosthetic restorations, abutments, screws or implant fixture 

(Esposito et al., 1998). 

Fractures of the implant fixture remain an exceptional complication that may occur during 

implant placement, or a mechanical complication following loading of the prosthesis, the 

incidence of which is estimated at between 0.2% and 1.5%. Gargallo et al. (2008) 

identifies the 3rd and 4th years as a high-risk period (Berglundh et al., 2002; Goodacre et 

al., 2003; Gargallo et al., 2008).  

The management of this complication is difficult, and may involve additional surgery 

requiring modification of the existing implant or insertion of a new one (Goodacre et al., 

2003), with the main aim of being as conservative as possible in terms of bone volume, 

so as to allow re-implantation.  

Moreover, if implant fracture is not noticed in time, it may lead to other biomechanical 

complications, including failure or fracture of other implants, implant components or 

implant-supported prostheses (Esposito et al., 1998). 

Consideration of risk factors, which can be classified into four categories, is essential to 

ensure the longevity of this treatment: 

 Materials (implant design, nature and chemical composition, etc.) (Eckert et al., 2015) 

 Biomechanical factors (implant position, diameter, length, type of connection, 

cantilever) (Shemtov‐Yona et al., 2012) 
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 patient-related factors: biomechanical overload, bruxism) (De Carvalho et al., 2012; 

Kochar et al., 2022; Kong et al., 2009) or bone loss around the implant (Gargallo et 

al., 2008).  

 iatrogenic factors (poor treatment planning and prosthesis design, errors during 

insertion) (Chang et al., 2013; Kochar et al., 2022; Yokoyama et al., 2002)  

The objective of this review was to examine how particular implant characteristics, such 

as diameter, length, connection type, position, angle placement and type of implants 

materials can lead to various complications encompassing both biological and mechanical 

issues, that may contribute to fractures or cracks in the implant fixture. 

This thesis is divided into three sections:  

 The first section consists in a Review of the Literature with a review of background 

knowledge and current understanding of dental Implant, implant fracture and related 

risk indicators, mechanical behaviour, fatigue and fractography analysis. 

 A second section based on the study objectives, material and methods, results. 

 The last section consists of discussing about the findings of our study compared to 

previous research/articles done previously and propose a classification of dental 

implant fractures based on the fracture pattern of the fixture. 

 

1.1. Mechanical properties 

The mechanical properties of dental implants are crucial to their stability, durability and 

long-term success. They relate to the implant’s behaviour within the bone under axial or 

lateral pressure, to the forces within it and to the stress induced by its material, which may 

be ductile or brittle. In short, it can be defined as the resistance to deformation, crack 

formation or fracture of a material subjected to an applied force or pressure and the stress 

induced over a long period of time (Anusavice, 2013).  

An important parameter is the Strength that characterizes the maximum stress a material 

can withstand before fracturing (Anusavice, 2013). It’s referring to the capacity of a 

material to withstand applied stress without undergoing fracture or enduring permanent 

deformation. Plastic deformation becomes evident when the elastic stress threshold is 

exceeded. 
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The fracture potential of implants is linked to the mechanical properties and 

microstructure of the implant material (Moraschini et al., 2015; Tey et al., 2016).  

Mechanical properties encompass the observed behaviours of materials when subjected 

to an external force, distribution of forces, or pressure, including both elastic and plastic 

responses. These properties are commonly quantified in terms of stress and/or strain units. 

They serve as indicators (Moraschini et al., 2015; Tey et al., 2016) of various aspects such 

as: 

 elastic behaviour (resilience, elasticity), 

 plastic behaviour (elongation and hardness);  

 or a combination of both elastic and plastic deformation (toughness and yield 

strength).  

Understanding these concepts involves examining the relationship between stress and 

strain: stress induced by external forces or pressure leads to deformation or strain 

(Anusavice, 2013). 

 

1.2. Mechanical complications - Fatigue 

Following Shemtov-Yona & Rittel (Shemtov-Yona & Rittel, 2015b), mechanical 

complications are a generic term for mechanical damage of the implant, its components, 

or to the superstructure supported by the implant. Implant loss, in the context of 

mechanical complications, includes of course implant fracture. 

Dental implant failures can be classified into two categories (Tribst et al., 2023): 

biological and mechanical. Biological failures primarily involve issues related to 

osseointegration, peri-implantitis, and soft tissue complications. Conversely, mechanical 

failures are related to fractures and other structural problems directly associated with the 

implant components (Lee et al., 2019; Yi et al., 2018; Chrcanovic et al., 2017; Yu & Qiu, 

2022). 

A series of recent reviews, based on clinical studies, reported a high incidence of such 

mechanical complications (Moraschini et al., 2015; Tey et al., 2016).  

Dhima et al., (2013) carried out a comprehensive retrospective investigation covering a 

29-year period, examining the condition of 1325 implants. Their results unveiled a 

prevalence of mechanical complications surpassing that of biological ones. Notably, over 
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half (58%) of the implants experienced at least one mechanical challenge. Furthermore, 

their study indicated a notable time gap between the onset of mechanical and biological 

complications, with mechanical issues emerging significantly later. 

Fatigue can be resulting from repeated stresses and/or or cyclic loading, ultimately 

leading to failure under a significantly lower stress than that required for a single 

application rupture. In which cracks are generated (crack initiation) and then propagate 

steadily until the final catastrophic result (Shemtov-Yona & Rittel, 2016b). 

Several studies examined the fracture surfaces of dental implants fractured in vivo using 

a scanning electron microscopy (SEM). These studies showed the classic fatigue marking 

(striation) on the implants” fracture surfaces, which indicates metal fatigue as a probable 

cause of the implants fractured intraorally (Shemtov-Yona & Rittel, 2016b). 

Shemtov-Yona et al. (2016b) introduced the concept of implant fracture attributed to 

fatigue rather than overload. The fracture surfaces of dental implants fractured in vivo 

was examined using a scanning electron microscopy (SEM) showed two distinct zones 

(Overload and Fatigue zones) with striation in the fatigue zone which indicates metal 

fatigue and secondary cracks. SEM analysis of the fractured implant surface reveals a 

contrast between the crack growth region (corresponding to fatigue) and the critical 

overload region with smooth dimples that can be seen. 

The notion of implant fracture due to fatigue rather than overload was also introduced by 

the study of Morgan et al (Morgan et al., 1993) reported on five Brandmark fixtures which 

fractured clinically. The retrieved specimens were examined using a scanning electron 

microscope (SEM) and it was maintained that fatigue striations from cyclic loading were 

found. 

The study done by Lee et al (Lee et al., 2009) provides further clarification, distinguishing 

three stages in fatigue fracture: 

 Crack initiation and cessation: derived from areas of stress concentration such as a 

change in cross section, an internal crack, or an irregularity caused by machining 

 Fatigue crack growth (fatigue striae): fatigue crack tends to propagate along atomic 

planes but once the crack reaches discontinuities, it can change directions 
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 Ductile failure: When the crack reaches sufficient length, and the remaining cross 

section is unable to support the applied load, a ductile mechanism predominates 

involving processes such as dimple rupture or cleavage 

Shemtov-Yona et al. (2015a) also conducted a comparative analysis by examining the 

surfaces of implants fractured in vivo with those fractured in laboratory settings under 

controlled monotonic and cyclic loads. Scanning electron microscopy (SEM) 

examination revealed striking similarities in the surface characteristics of both in vivo and 

in vitro fractured implants. Their experimental findings indicated that implants fractured 

in vitro due to fatigue under physiological loads, correlates with the repetitive nature of 

mastication loads. 

Further research conducted by Shemtov-Yona et al (Shemtov-Yona et al., 2015a), 

involved a surface analysis that report secondary cracks near the primary crack (fracture 

plane). Although these secondary cracks did not directly contribute to the final fracture, 

they provided insights into their association with surface topography (roughness). 

Mechanical corrosion (Yokoyama et al., 2002; Shemtov-Yona & Rittel, 2016a) is a 

specific type of corrosion that occurs in environments where materials are subjected to 

both mechanical stress and corrosive environments; this can lead to an acceleration of the 

corrosion process. 

Corrosion can severely limit the fatigue life and ultimate strength of the material leading 

to mechanical failure of the implant. Yokoyama et al (Yokoyama et al., 2002) studied the 

delayed fracture of titanium dental implant. It was concluded that titanium in a biological 

environment absorbs hydrogen and this may be the reason for delayed fracture of a 

titanium implant. Stress corrosion occurs because of fatigue of metal when it is associated 

with a corrosive environment. Differential surface of a metallic restoration may have 

small pits / crevices. Consequently, stress and pit corrosion occurs. Time plays a crucial 

role in the process of mechanical fatigue and corrosion, as it influences the length of time 

stress is applied to the implant. The longer the stress is applied, the greater the likelihood 

of cracks developing and fracture occurring (Yokoyama et al., 2002). 
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1.3. Risk factors associated with implant fixture fracture 

The rate at which cracks propagate, and consequently, the distance between striations, 

can be influenced or result from various risk factors that can be divided into two 

categories (Sánchez-Pérez et al., 2010):  

 elevated forces being transmitted to the implant: 

 Bruxism or heavy occlusal forces (Balshi,1996; Gargallo et al., 2008). 

 Design of the prosthesis (fixed vs screwed) may influence the load and stress 

that are transmitted to the implant body (Eckert et al., 2015; Gargallo et al., 

2008). 

 The presence of a cantilever leads to increased forces being transmitted to the 

supporting implants compared to situations where cantilevers are not present 

(Gargallo et al., 2008) 

 Dental implant location (anterior vs posterior) (Eckert et al., 2015 ; Moraschini 

et al., 2015 ; Tey et al., 2016) 

 Prosthesis-to-implant ratio (Goodacre et al., 2003) 

 The inadequate fit of the superstructure (Goodacre et al., 2003; Yu & Kim, 

2020) 

 reduced ability of the implant(s) : 

 Implant composition (Moraschini et al., 2015 ; Tey et al., 2016 ; Eckert et al., 

2015) 

 Design or production flaws (Goodacre et al., 2003) 

 Implant size (diameter, length) (Moraschini et al., 2015 ; Tey et al., 2016 ; 

Esposito et al., 1998 ; Berglundh et al., 2002 ; Goodacre et al., 2003 ; Eckert et 

al., 2015) 

 Bone resorption around the implant (Eckert et al., 2015) 

 Presence of micro thread (Oh et al., 2023) 

Other mechanical complications such loading condition, screw loosening or fracture, 

framework fracture and environmental factors such as temperature and exposure to 

corrosive or embrittling gases and fluids has also been proposed as a risk factor for 

implant fracture (Eckert et al., 2015). 
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Consequently, the occurrence and nature of mechanical issues are anticipated to vary 

among implant systems. This disparity stems from distinct manufacturing techniques, 

structural design, and material choices inherent to each system (Eckert et al., 2015). 

In the next section, we will describe the factors that influence on the incidence of 

fractures. 

 

1.4. Biomechanical behavior of implants 

The type of implant chosen depends on the available bone volume, the prosthetic space, 

and existing mechanical constraints. A surgical and prosthetic analysis would therefore 

appear to be essential. The parameters characterizing an implant are: morphology, neck, 

body diameter, implant length, type of connection and mechanical strength. The 

morphology of an implant is defined by the shape of the body (cylindrical or conical), the 

shape of the neck (cylindrical or flared), and its architecture (one or two parts) (Chang et 

al., 2013 ; Koyano et Esaki, 2014). 

 

1.4.1 Diameter  

Diameter is an important factor influencing the amount of load it can support and 

consequently the incidence of fractures (Shemtov-Yona et al., 2014b). 

In fact, diameter is directly related to the moment of inertia I = ¼ × π × (radius)4. And the 

stress (σ) induced is indirectly proportional to the system’s moment of inertia (I) 

calculated as follows (Sanivarapu et al., 2016): 

σ = My / I 

 M = Moment load caused by eccentric loading  

 y = Point in the center of the part  

 I = Moment of inertia. 

The ability of implants and components to resist bending loads is directly proportional to 

the component’s moment of inertia. So, from a theoretical point of view, if an implant or 

its component is 2 times wider, it is 16 times more resistant to fracture (Misch et al., 

2015). 
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1.4.2 Length  

In the study done by Koyano et Esaki (Koyano et Esaki, 2014), the crown-to-implant ratio 

is defined as a risk factor for implant overload. This ratio depends on the length of the 

implant and the prosthetic design. 

 

1.4.3 Position and alignment 

Depending on whether the implant is positioned anteriorly or posteriorly, the forces 

exerted on it will differ. In the molar and premolar regions, masticatory forces and lateral 

movements generate undesirable forces. Occlusal loads in the posterior region are three 

times stronger than those in the anterior region (Tabrizi et al., 2017). 

According to Eckert et al (Eckert et al., 2015); it is prudent to consider single implant 

systems in molar positions at a higher risk of fracture. The proximity of the molar to the 

temporomandibular joint creates a mechanically unfavorable situation due to the 

significant transmission of forces. Additionally, the molar has a larger occlusal table 

compared to premolars or anterior teeth. A wider occlusal surface supported by a single 

implant generates forces that are not aligned with the long axis of the implant. These 

tipping forces can lead to chronically elevated complex force structures, contributing to 

implant fracture. 

Following Balshi (Balshi, 1996), all of the fractured implants exhibited a straight 

alignment. Thus, suggest staggering implants to prevent them from being in a straight 

line, as this alignment, especially when coupled with overload factors, seems to elevate 

the risk of fracture. 

 

1.4.4 Implant design and Connection 

Implant design is a critical aspect within the realm of dental implants, encompassing the 

intricate three-dimensional structure of the implant along with its various components and 

features (Jansen et al.,1997; Tang et al., 2012). 

There’s a rich diversity in design (Tang et al., 2012), with each configuration 

meticulously tailored to ensure the long-term success of the osseointegrated interface 

(Jansen et al.,1997), the pivotal point where the implant fuses with the surrounding bone. 

Among the myriad factors shaping implant design, considerations include the 
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configuration of the prosthetic interface, the threading characteristics, and the overall 

contour of the implant (Pita et al., 2011; Jansen et al.,1997). 

In the realm of dental implants, the concept of connection interfaces plays a crucial role 

in determining the success and longevity of the implant restoration. These interfaces refer 

to how the implant fixture connects with the superstructure or abutment (Bozkaya et al., 

2004).  

According to Bozkaya et al (Bozkaya et al., 2004), the design and configuration of the 

abutment connection play a significant role in preserving osseointegration. This factor 

influences how load is distributed within the peri-implant bone, particularly at the 

interface between the implant and abutment. 

Assunção et al (Assunção et al., 2008) found that elevated stress levels detected in the 

implant’s apical region may be attributed to its design. Adjusting the design could 

potentially enhance stress distribution across the trabecular bone. So, the design of 

implants can impact bone stress and contribute to bone crest loss (Huang et al., 2008). 

The connections should aim to minimize tension on both the prosthetic components and 

the bone-implant interface, thereby ensuring sufficient stability for the prosthesis (Jansen 

et al.,1997). The external hexagon, internal hexagon, and Morse taper are the most 

frequently utilized types of implantology connections. 

Following Gehrke (Gehrke, 2013), assess the static fatigue resistance of implants with 

different connections at varying crown heights based on ISO 14801 recommendations. 

According to this study, there is no difference between implants with internal and external 

connections, although each type of connection results in specific fractures. However, 

Morse taper implants are more resistant to fracture and appear to be a better choice in 

cases of high crown-to-implant ratio. 

Baggi et al (Baggi et al., 2008) reported lower level of stress on the cancellous bone of 

the internal hexagonal system compared to that of the external hexagon. 

 

 External connection: 

External connections, involve a design where the connection between the implant fixture 

and abutment occurs externally (Goiato et al., 2015). This type of connection is the oldest 

and typically achieved through features like hexagonal or octagonal platforms on the 
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implant fixture and corresponding components on the abutment. While external 

connections may be easier to manufacture and restore, they can sometimes be less stable 

than internal connections, particularly in situations where rotational forces are involved, 

and presents certain limitations as it transmits significant bending forces to the abutment 

screw, leading in some cases to its fracture or unscrewing and lost. The most common 

external connection is the hexagonal (“hex”) type; variations in height and width affect 

tactile perception and the anti-rotational stability of the prosthesis (Tsuge & Hagiwara, 

2009). 

The limitations of the hexagonal platform became increasingly evident as its usage 

expanded to partially edentulous arches or single-unit prostheses. In such cases, anti-

rotational internal connections have proven to be more suitable (Tsuge & Hagiwara, 

2009). 

This platform is capable of withstanding vertical loads; however, it’s important to note 

that the abutment screw is the sole component responsible for absorbing lateral loads that 

depends only on the contact angle between the hexagonal abutment and the implant 

(Pessoa et al., 2010) that results in a smaller distribution area compared to an internal 

connection system. 

Following the study of Manda et al (Manda et al., 2008), that focus on the failure on a 

Titanium Ti-6Al-4V implant with external connection, Ca/P formation was identified 

within the wake of an unstable crack, previously initiated within the implant main body. 

The fracture took place along the direction of the external first thread. 

 

 Internal connection: 

Internal connections that appeared with the development of Ti grade 4 or 5 involve a 

design with where an internal junction at the neck level where the implant fixture and 

abutment connect internally, usually through a screw-retained mechanism (Goiato et al., 

2015).  

This type of connection is characterized for its ability to provide a more stable and 

aesthetic outcome and it is now more widely used (Davarpanah et al., 2000). This offers 

advantages such as a reduced incidence of abutment screw loosening and fracture, along 

with greater load absorption. 
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The lateral wall of the abutment serves to facilitate the dissipation of lateral loads, while 

the abutment screw acts to shield it from excessive stress (Pessoa et al., 2010) that is 

favorable for its use in a one-step surgical procedure and with single implants. 

Additionally, internal connections can offer better protection against bacterial invasion, 

reducing the risk of complications such as peri-implantitis, better protection and 

resistance to bending forces, and minimize micromovements between the abutment and 

the implant, especially when subjected to bending forces. The category of internal 

connection includes the Morse Taper interface, the internal hexagon, and internal 

octagon, triangular, … 

Pessoa et al (Pessoa et al., 2010) demonstrated that the internal connection exhibited 

lower shear stress in the cervical region. 

According to Lee et al (Lee et al., 2019), implants with an internal connection are more 

stable than implants with an external connection, which reduces marginal alveolysis of 

the implants and provide better joint stability. 

Following Nam et al (Nam et al., 2024), some internal-type implants experienced fixture 

tearing. These internal bone level implants, which are mechanically stable and have a 

self-locking interface, improve the centralization of occlusal forces and offer better 

stability against lateral forces compared to the external type (İplikçioğlu & Akça, 2002). 

However, a drawback is the potential for the upper part of the fixture to fracture under 

high occlusal forces. To mitigate this risk, it is advised to use an implant with a 

sufficiently thick diameter. 

Following Yi et al (Yi et al., 2018), when an implant is subjected to force, external and 

internal types exhibit different structural force distributions. In the external type, external 

force is transferred to the screw, which is the most vulnerable part, thus preventing fixture 

fracture. On the other hand, in the internal type, a mechanical interface exists between the 

abutment and the fixture. Consequently, when external force is applied, stress transmitted 

to the abutment is subsequently transferred to the fixture. If this stress surpasses the 

fixture’s fracture resistance, fixture fracture may occur. That can explain the overall 

fracture rate greater in internal type (1%), but the conclusion on this review is that there 

was no significant difference according to implant connection type. however, all fixture 

fractures occurred at the posterior region in regular platform. 
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 Threads 

Dental implants can be categorized into two main types based on their design: threaded 

implants and non-threaded (press-fit) implants (Carlsson et al., 1986). 

Threaded implants feature spiral grooves or ridges along the surface of the implant fixture 

provide mechanical stability by engaging with the surrounding bone tissue, offering 

primary stability during the initial placement of the implant maximizing initial contact 

(Brunski, 1988). Threaded implants are often preferred in situations where the bone 

density is lower or compromised, as the threads help to anchor the implant securely in 

place. They are also beneficial in cases where immediate or early loading of the implant 

is desired, as the threads enhance the implant’s ability to withstand occlusal forces and 

dissipation of interfacial stress (Brunski, 1988). 

Geometric parameters such as thread depth, thickness, pitch, face angle, and helix angle 

vary and collectively shape the functional surface of threads on dental implants. These 

parameters play a crucial role in determining how loads are distributed biomechanically 

across the implant (Strong et al., 1998). 

There are various types of threads used in dental implant designs, each with its own 

characteristics and benefits. These include V-shape, square, acme threads, buttress and 

reverse buttress threads are dental implant thread forms with a long history of successful 

use. These threads serve to dissipate occlusal loads into the bone surrounding the implant; 

however, they differ in form, inherent strength and in how they transmit forces (Strong et 

al., 1998). 

Some implants feature multiple threads with different profiles along their length. These 

implants are designed to provide optimal stability and load distribution in various bone 

types and clinical scenarios, especially for Type IV (cancellous) bone (Sykaras et al., 

2000). A plethora of additional features have been employed by implant companies to 

accentuate or replace the effect of threads. These include perforations of various shapes 

and dimensions, vents, ledges, grooves, flutes, and indentations. The implant can be solid 

or hollow, with a parallel, tapered/conical, or stepped shape/outline and a flat, round, or 

pointed apical end (Sykaras et al., 2000). 

Following Ji-Hwan Oh et al (Ji-Hwan Oh et al., 2023) revealed that implants possessing 

both micro-threads and a rough surface exhibited notably lower MBL compared to those 

with a polished surface. However, when implants had a rough surface, the presence or 
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absence of micro-threads did not yield a significant difference in MBL. Van de Velde et 

al., (2010) similarly found no notable distinction in MBL between rough-surface implants 

equipped with micro-threads and those without micro-threads. 

Following Lee et al (Lee et al., 2019), the fracture rate on dental implant fracture is 0.83 

% with micro-thread vs 0.98 % without micro-thread. 

 

 Screwed vs cemented  

However, the literature is still controversial concerning the choice of connection and/or 

crown-retaining system. The advantages of using cement-retained restorations, as given 

by several authors, were primarily aesthetics, passive fit of the crown, and the potentially 

improved load distribution during function (Tey et al., 2016; Esposito et al., 1998). On 

the other hand, previous studies (Berglundh et al., 2002; Goodacre et al., 2003) also 

highlighted the advantages of screw-retained restorations, such as their retrievability, 

making the evaluation of oral hygiene and peri-implant probing easier. 

Following Freitas et al (Freitas et al., 2011), in step-stress accelerated life testing, tests 

were done on fourth type of implant (cemented or screwed for internal and external 

connection). Regarding the fixture only the internal cemented implant presents a 

longitudinal fracture at the implants neck area. 

Following Anchieta et al (Anchieta et al., 2015), cemented and screwed implant have 

been tested using different implant-abutment horizontal matching configurations (regular 

vs switching platforms). The fixture fracture for cemented presented abutment and 

implant fracture more often than other groups. 

 

1.4.5 Materials  

Dental implants can be manufactured mainly from (Saini et al., 2015): 

 metallic biomaterials that have biomechanical and biocompatibility properties and are 

easy to process and sterilize: 

 Commercially pure titanium (Ti CP, grade 1 à 4)  

 Titanium alloys  

 Titanium-zirconium alloys (TiZr)  
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 Zircone (dioxyde de Zirconium) 

 PEEK or Niobium 

 

a) Titanium 

Titanium (Ti) and its alloys have become the main choice for the manufacture of dental 

implants due to their good mechanical properties, their low density (4.5 g/cm3) which 

makes them extremely light, their good biocompatibility in contact with bone and their 

resistance to corrosion induced by the passivation process (Nicholson, 2020). 

Passivation is a natural process that forms a protective layer of titanium oxide on the 

surface when titanium is exposed to atmospheric oxygen. This extremely thin passive 

layer, typically measuring just a few nanometers in thickness, plays a crucial role in 

protecting titanium dental implants from corrosion, enhancing biocompatibility and 

promoting osseointegration (Nicholson, 2020; McCracken, 1999). 

 

b) Grade 

Commercially pure titanium (CPTi) consists of at least 99% elemental titanium, with 1% 

mixtures of other elements (oxygen, hydrogen, carbon, iron and nitrogen) not removed 

during material processing and dental implant manufacture (McCracken, 1999). 

It is classified into 4 grades numbered from 1 to 4, depending on purity and processing 

oxygen content (Liu et al., 2017).  Theses grade differ in terms of corrosion resistance, 

ductility and strength, and cp-Ti grade 4 has the highest oxygen content (around 0.4%) 

and the best overall mechanical strength. Grade 1, on the other hand, has the lowest 

oxygen content (0.18%) (Liu et al., 2017; Zhang & Chen, 2019). The presence of 

impurities enhances titanium’s mechanical properties. Thus, the breaking strength of 

grade 2 titanium is lower than that of grade 3, etc. (Table 1). 
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Table 1 

Mechanical Properties of Titanium Used in Dental Implants 

 

Note: adapted from A critical review of dental implant materials with an emphasis on titanium versus 
zirconia. Copyright 2015 by MDPI. (Osman & Swain, 2015) 

 

It should also be noted that certain surface treatments help to increase their mechanical 

strength (Fernandes et al., 2015; Table 2). This is the case, for example, with Ultrafine-

Grained Titanium pure titanium (UFG-Ti) implants with improved mechanical properties 

can be obtained by the equal channel angular pressing (ECAP) method using CP-Ti 

without introducing other elements. 

 

Table 2 

Performance of Ultrafine Grained Titanium  

 

Note: adapted from Properties and Performance of Ultrafine Grained Titanium for Biomedical applications, 
by (Fernandes et al., 2015). 

 

This results in more uniform stress distribution and improved fatigue strength, which in 

turn contributes to longer implant life. It should be noted that research into ultra-fine-

grain titanium dental implants (Fernandes et al., 2015) is still in progress, and further 

studies are needed to fully assess their efficacy, safety and long-term durability in a 

clinical context. 

Following the study of Velasco-Ortega et al (Velasco-Ortega et al., 2019), focused on 

CP-Ti grade 4 implant, the SEM images provide a comprehensive depiction of both the 

origins of cracks and their subsequent paths of expansion with longitudinal cracks 

spanning across virtually all junctures between the inner hexagonal connection’s walls. 
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c) Alloys 

In order to improve the mechanical properties of implants, which pave the way for new 

implant therapies such as the use of short implants limiting the indications for bone grafts, 

new alloys are being proposed such as grade 5 titanium or TA6V4 (Sykaras et al., 2000). 

Titanium alloys are obtained by adding elements such as silver, aluminium (Al), argon 

(Ar), copper (Cu), iron (Fe), iridium (Ir), vanadium (Va) and zinc (Zn) which, depending 

on their nature, modify the relative stability of the α and β phases (Sykaras et al., 2000). 

The alloy’s various constituents therefore play a very important role in modifying its 

mechanical, physical and corrosive properties. The solid substitution atoms below are not 

present on Ti-CP. This is what differentiates the alloy (Sykaras et al., 2000): 

 Aluminum, an alphagenic element, which hardens the α phase. This improves strength 

and reduces the alloy’s weight. Its concentration is limited to 7% by weight; 

 Vanadium, a betagenic element, improves ductility and acts as an aluminum 

scavenger, forming intermetallic compounds with aluminum and improving its 

corrosion resistance. 

 Iron (Fe): The addition of iron can improve the mechanical strength and corrosion 

resistance of titanium alloys. However, high concentrations of iron can adversely 

affect the biocompatibility of alloys.) 

The alloys most commonly used for dental implants are mixed alpha-beta types (Sykaras 

et al., 2000).  

Note that there are two different grades of Ti-6Al-4V: TA6V and TA6V-ELI (for Extra-

Low Interstitial). In both cases, the addition or reduction of interstitial elements is used 

as an adjustment variable to adapt alloy properties to the desired standards. The ELI grade 

thus increases ductility at the cost of a slight reduction in mechanical strength. In addition, 

the reduced interstitial content of TA6V increases the material’s toughness by 30% (from 

75 to 100 MPa - m1/2), considerably simplifying the machining of implants (Sykaras et 

al., 2000). 

 

d) Zirconium alloys 

Recently, titanium-zirconium alloys containing 13 to 17% zirconium (TiZr1317) have 

been introduced, providing improved mechanical properties, but its mechanical strength 
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or corrosion resistance is insufficient in some cases, where reduced-dimension implants 

are required. Although its yield strength is much lower than that of TA6V-ELI (690 MPa), 

it offers equivalent mechanical strength and is made exclusively of alloying elements 

considered biocompatible and inert with respect to the environment (Chiapasco et al., 

2011). The enhancement occurred because the substitution of titanium with zirconium 

atoms induced distortion in the crystalline structure, hindering the movement of 

dislocations. 

 

e) Zirconia 

Zirconia dental implants, made from zirconium dioxide (ZrO2), have emerged as a 

promising alternative to traditional titanium (Ti) implants. One of the main advantages of 

zirconia implants is their aesthetic benefit, especially in patients with thin gingival 

biotypes, where the underlying metal color of titanium implants might otherwise be 

visible through the tissue. In addition to their superior aesthetic properties, zirconia 

implants also demonstrate excellent biocompatibility, comparable to that of titanium. 

Studies have shown that zirconia implants are associated with reduced plaque 

accumulation, which can contribute to better periodontal health and potentially lower the 

risk of peri-implant diseases. These characteristics make zirconia implants a valuable 

option in contemporary implantology, offering both functional and aesthetic benefits to 

patients (Osman & Swain, 2015). Zirconia dental implants are available in both one-piece 

and two-piece designs, each offering distinct advantages that cater to various clinical 

needs and patient preferences. 

 

f) PEEK is a polyether-ether-ketone 

PEEK has many advantages like Flexibility, Radiolucency, Aesthetic features, Thermal 

resistance, Cost-Efficient and its Biocompatibility. It has long life and it is insoluble 

having low moisture absorption, low density (1.32 g/cm3), and low elastic modulus. They 

will not be developed further in this thesis (Rahmitasari et al., 2017). 
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g) Niobium 

Recently, beta titanium–niobium (β-Ti-Nb) (Chézeau et al., 2022), thanks to its strong 

mechanical properties (e.g., shape memory effect, super elasticity, and low elastic 

modulus) and non-cytotoxic constructing elements, has been extensively studied for 

biomedical applications. Binary β-Ti-Nb alloys have been recently proposed as an 

alternative to TA6V due to the biocompatibility of both constituents originating from the 

ability of both metals to form protective surface oxides. They will not be developed 

further in this thesis. 

 

1.4.6 Surface treatment 

Various studies have investigated the impact of grit blasting treatments, a prevalent 

surface modification technique in biomedical applications, on the fatigue behavior of CP-

Ti and titanium alloys. For instance, Baleani et al. (2000) examined the influence of grit 

blasting treatments using alumina particles on the fatigue endurance strength of Ti-6Al-

4V. Their findings revealed that grit blasting decreased the endurance limit of Ti-6Al-4V 

by 35–40%. This decrease was attributed to stress concentration effects and surface 

roughness concerns. 

On the other hand, Gil et al (Gil et al., 2014), analyzed the impact of surface treatments 

on the fatigue performance of commercial dental implants. They specifically investigated 

the fatigue behavior of grit-blasted implants. Their research demonstrated that grit 

blasting CP-Ti dental implants enhances their fatigue resistance, attributed to the 

formation of a layer of compressive residual stresses. 

Following Shemtov-Yona & Rittel (Shemtov-Yona & Rittel, 2016a) saline solution 

medium accelerates the fatigue rate reducing the fracture toughness of Ti–6Al–4V. 

 

1.5. Management of implant fracture  

Managing fractures of dental implant fixtures poses a significant challenge in clinical 

practice. Clinicians are faced with decisions regarding either removing the implant, 

preferably to mitigate peri-implant bone loss and prevent infectious complications, or 

modifying the existing implant based on the specific prosthodontic treatment plan (Adell 
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et al., 1990). Common treatment options include (Gargallo et al., 2008; Oh & Barnes, 

2016): 

1. Complete removal of the fractured implant, employing techniques tailored to the 

implant’s situation, intra-osseous length, and availability of internal threading: 

 When internal threading is unavailable, options include using a trephine to remove 

the implant by drilling the bone around it or using piezoelectric ultrasonic surgery to 

enhance precision and control bone loss. 

 When internal threading is present, tools like the Implant Removal Tool are employed 

to disengage the implant from surrounding bone tissue, allowing for its safe 

extraction. 

Following implant removal, placement of a new implant may occur either at the same 

surgical site or an alternative location. 

2. Removal of the coronal portion of the fractured implant, followed by the utilization 

of the remaining portion to support a new abutment and crown. Specialized kits 

containing rotary instruments for smoothing fracture edges and tools for creating new 

internal threading may be employed for this purpose. 

3. Removal of the coronal portion of the fractured implant, leaving the apical portion 

integrated within the bone without immediate utilization. Depending on prosthetic 

requirements, placement of a new implant at a different location may be considered. 

Complications may arise in certain scenarios, such as implant removal in sinus-

grafted areas, leading to buccal-sinus communication and associated challenges. 

Critical considerations for appropriate prosthetic management include: 

 Identification of fracture location (coronal, mid, or apical thirds). 

 Evaluation of the number, position, and distribution of remaining implants, if 

applicable. 

 Selection of prosthesis design (fixed or removable), considering the number of units 

and specific characteristics. 

 Determination of the preferred prosthesis retention method (screw-retained or 

cemented). 

 Understanding and addressing patient preferences and expectations. 
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2 MATERIALS AND METHODS 

 

2.1. Focused question and study objective:  

The objective of this Comprehensive review was to examine how particular implant 

characteristics, such as diameter, length, connection type, position, angle placement and 

type of implants materials can lead to various complications encompassing both 

biological and mechanical issues, that may contribute to fractures or cracks in the implant 

fixture and determine the related position. 

This review was carried out in accordance with the steps of practice based on scientific 

evidence and the methodology was adapted to the PRISMA statement (Preferred 

Reporting Items for Systematic Reviews and Meta Analyses) (Page et al., 2021). To carry 

out this review, the research question was formulated using the method defined by the 

acronym PICO as recommended by PRISMA, we established specific criteria for 

questioning to structure a concise clinical inquiry and to devise a suitable inclusion. The 

analysis performed using the PICO index is: 

1. "Population”: patients rehabilitated with dental implants. 

2. "Intervention”: occurrence of fractures and the different characteristics of 

fractured implants.  

3. "Comparison" dental implants without fixture fracture” “.  

4. "Outcome" is the influence of the dental implant characteristics on fracture 

incidence of dental implant fixture. 

 

2.2. Search strategy 

The bibliographic research was conducted in PubMed/Medline database, Cochrane 

Library, ScienceDirect, IEEE Xplore and Google Scholar. 

We conducted an exhaustive literature search on "Dental implant fixture fracture" up to 

the present date.  The selection of articles adhered to specific inclusion and exclusion 

criteria: 

 Inclusion criteria:  

- publication till date, language (English), and articles with full text availability. 
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- Studies with quantitative outcomes including the survival rate of RCTs, CCTs, 

prospective or retrospective cohort studies. 

- At least 6 months of follow-up after implant placement. 

- Studies, which evaluated the clinical outcome of Dental implant fixture, Ti, 

Ticp (grau 4), Ti6Al4V (grau 5), TiZr, Zr dental implants. 

 Exclusion criteria consisted of: 

- Duplicated, isolated case reports, 

- Reviews, and studies that reported no cases of implant fractures 

- Abstracts lacking full text 

The search strategy was implemented using the following key words: 

dental implant fixture ("fracture" OR "crack" OR "fatigue" OR "failure" OR " 

mechanical" OR "stress" OR "fractography"). 

Additional search strategies included the terms: the following keywords were used in 

combination: "titanium-zirconium versus titanium dental implants" AND "zirconia 

versus titanium implants "AND "zirconia dental implants "AND "titanium-zirconium 

implant". 

 

2.3. Selection process of articles   

Randomized controlled clinical trials, retrospective study, clinical trials, and case studies 

were included, leading to the examination of 385 articles for classifying implant fixtures 

fractures 

The exclusion criteria were duplicates, reviews and studies that did not include cases of 

implant fractures.  

After full-text analysis, publications were further assessed for relevance and compliance 

with the selection criteria. Eligible publications were included in this review. 

The selection of studies was initially based on the title of the articles and an analysis of 

the abstract giving priority to cases with details of fracture aetiologies. 

To achieve this goal, we have selected retrospective studies to obtain the maximum 

amount of data, as well as in vitro studies to examine the positions of fractures. 
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2.4. Synthesis of the results 

Appropriate data of interest on the previously stated data items were collected and 

organized into the following fields of tables: year of publication, number of patients, study 

design, type of implant used, total patients dropout, implant system and implant lost, 

position of fracture, clinical data outcomes. 

 

2.5. Selection of studies 

The search delivered 385 search results (Figure 1). 

Preliminary exclusion was made by the title and its relevancy and later by abstract 

relevancy. After title checking and removal of duplicates, 200 articles remained. Of the 

200 articles, 184 were filtered out because they did not meet the inclusion.  

An in-depth selection of articles according to study type and clinical protocols resulted in 

the selection of 16 articles (Figure 1; Table 3; Table 4), the others will be retained for the 

following sections. 

 

Figure 1 

Identification of studies via databases and registers 
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Table 3 

List of Retrospective Selected Studies 

Note: Alloy: titanium–aluminum–vanadium (Ti‐6Al‐4V); CP1, CP2, CP3 & CP4: commercially pure 
titanium Grade 1, 2, 3, &4; "NR" (Not Reported) 

 

Table 4 

List of in vitro Selected Studies 

Study Study type Implant 
material 

Number of 
patients 

Number of 
implants 

Number of 
fractured 
implants 

Follow-up 
(years) 

Lee et al. (2019) Retrospective Ti‐6Al‐4V / CP4 5 124 19 006 174 12 

Yi et al. (2018) Retrospective CP1, CP3, CP4 406 1289 53 12 

Chrcanovic et al. 
(2017) 

Retrospective CP1, CP3, CP4 2 670 10 099 44 34 

Shemtov-Yona & 
Rittel (2015b) 

Retrospective CP-Ti / Ti‐6Al‐
4V 

NR NR 100 NR 

Gargallo et al. (2007) 

 

Retrospective NR NR 1500 21 NR 

Yu & Qiu (2022) Retrospective CP4 2810 7 502 37 6.9 

Nam et al. (2024) Retrospective Titanium 151 490 10 10 

Tabrizi et al. (2017) Retrospective Titanium NR 18 700 37 16 

Gahlert et al. (2013) Retrospective Zirconia 79 119 13             NR 

Total (retrospective)   11240 58 705 

 

389  

Study Study type Implant 
material 

Implants 
characteristics 

Number of 
implants 

Type of test Fractography 
analyses 

Zhang et al. (2022) In vitro study Zirconia One piece                  
Two pieces 

16 Fracture analysis Yes 

Scherrer et al. (2019) Translational 
research 

Zirconia One piece                  
Two pieces 

15 Occlusal contact 
wear location 

Yes 

On et al. (2023) In vitro study CP4 / Ti–Zr Torx & Internal 
hex design 

45 Static 
Compression to 

Fracture Test and 
Dynamic Cyclic 

Fatigue Test 

Yes 

Shemtov-Yona et al. 
(2014b) 

In vitro study Ti-6Al-4V Conical with 
three diameters 

112 (8 fractured) Fatigue 
performance 

SEM and 
images 

Yamaguchi et al. 
(2018) 

In vitro study CP4 Internal and 
external 

connection 

12 Dynamic Cyclic 
Fatigue Test 

Micro-CT 
images 
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Note: FEA: Finite Element Analysis 

 

2.6. General description of the included studies 

Of the studies selected, there were: 

 9 Retrospective in vivo studies were carried out on patients, both female and male. 

The time of follow-up is ranged from 6.9 years to 34 years. Data included at least 

11240 patients with 58705 dental implants and 389 fractured dental implants. 

 6 in vitro studies including a constant stress fatigue test, fracture position and fracture 

load test 

 1 translational research 

Table 3 and Table 4, present data on implants placed and implants fractured for each 

selected study: number of patients, number of implants and failure, time of follow-up. It 

can be seen that not all studies provided complete information, which was designated 

"NR" (Not Reported). 

Given the complexity of comparison due to the use of different implant models in the 

various studies, we will also rely on in vitro studies where tests have been carried out with 

different inputs, which also provide more precise details of fracture position. 

 

2.7. Risk of bias 

Studies on dentals implants fracture are complex because of the large number of existing 

variables, such as surgical techniques, the heterogeneity of the implants, whether in terms 

of composition (grade of titanium), connectors, brand, etc. and duration of follow-up. The 

absence of international standardization makes comparison between studies difficult. 

Thus, the analysis of these different studies will not be able to take into account all the 

factors that may influence the choice of implants. 

FEA analysis 

Choi et al. (2019) In vitro study CP4 TX and EV 
design 

30 Single and 
Dynamic Cyclic 

Fatigue Test 

Yes 

Kim et al. (2020) 

 

In vitro study Ti-6Al-4V Internal 
connection 

20 Static and 
Dynamic Shear-
Compression 

Tests. Single and 
multi-directional 

Yes 



Analysis of Dental Implant Fixtures Fractures: Incidence, factors and characteristics 

26 

The risk of bias that can affect the cumulative evidence was independently by two 

reviewers using the Cochrane Collaboration’s tool for assessing the risk of bias including 

the following domains: allocation concealment, random sequence generation, blinding of 

participants and personnel, blinding of outcome assessment, incomplete outcome data, 

selective reporting, and other bias. The assessment was not centered on the outcomes of 

the paper but the ones of the present review. Each domain was considered at low, unclear, 

or high risk of bias agreeing to the evaluation criteria as reported in the Cochrane 

Handbook for Systematic Reviews of Interventions (Cumpston et al., 2022). 

After judgment was given for each of the domains mentioned above, studies were divided 

into the following groups: studies with low risk of bias, if all domains were considered at 

low risk of bias; unclear risk of bias, if one or more domains were considered at unclear 

risk of bias; and high risk of bias, if one or more domains were reported at high risk of 

bias. Cases of disagreement were resolved by discussion. 

 

Table 5 

The Cochrane Collaboration’s tool for assessing the risk of bias  

 

Study 

Random 
sequence 

generation 

Allocation 

concealment 

Blinding 
(participants and 

personnel) 

Blinding 
(outcome 

assessment) 

Incomplete 

outcome data 

Selective 

reporting 

Lee et al. (2019)             

Yi et al. (2018)             

Chrcanovic et al. 

(2017) 
            

Shemtov-Yona 

& Rittel (2015b) 
            

Gargallo et al. 

(2007) 
            

Yu & Qiu (2022)             

Nam et al. (2024)             

Tabrizi et al. 

(2017) 
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Zhang et al. 

(2022) 
            

Gahlert et al. 

(2013) 
            

Scherrer et al. 

(2019) 
            

On et al. (2023)             

Shemtov-Yona 

et al. (2014b) 
            

Yamaguchi et al. 

(2018) 
            

Choi et al. (2019)             

Kim et al.  (2020) 

 

            

Note:         High risk of bias          Some concerns              Low risk  
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3 RESULTS  

 

3.1. Rates 

Table 6 

Rates and times to fractures  

Study Number of 

patients 

Number of 

implants 

Number of 
fractured 

implants 

Fixture fracture Time to fracture 

High Risk 

(years) 

Lee et al. (2019) 5 124 19 006 174 0,91% 4-5 y. (20,65%) 

Yi et al. (2018) 406 1289 53 0,54 % NR 

Chrcanovic et al. 

(2017) 

2 670 10 099 44 0.43 % 7.9 y. ± 4.9 

Yu & Qiu (2022) 2810 7 502 37 0.49 % 7.16 y. 

Nam et al. (2024) 151 490 10 0.8 % 6.85 y. 

Tabrizi et al. 

(2017) 

NR 18 700 37 0.02 % 3.75 y.  ± 2.6 

Gargallo et al. 

(2007) 

NR 1500 21 1,4 % 3-4 y. (76%) 

Gahlert et al. 

(2013) 

79 119 13 10,92 % NR 

Total / average 11240 58705 389 0,65 % Ti 

10,92% Zi 

 

Note: Ti for titanium and Zi for zirconia 

The average incidence across these various studies is 0.65 % for the fixture dental implant 

fracture, which is lower than that found Berglundh et al (Berglundh et al., 2002) that 

reviewed 159 articles on dental implant complications during a 5-year period and reported 

that the prevalence of fixture fracture to be less than 1% (0.08 to 0.74%) and are often 

associated with inflammatory reactions at the site of fracture.  

The implant loading period until fracture was reported by 6 studies (Table 6). Fractures 

were observed between 3 to 8 years of implants in function. 
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3.2. Diameter 

Diameter of the fixture is classified into 3 categories (Al‐Johany et al., 2016):  

 Extra-narrow < 3 mm 

 3 mm<Narrow < 3.75 

 3.75<regular<4   

 wide >4 

Five studies provided information about diameters of both the installed and fractured 

implants. Thus, 868 implants were reported with seven different diameters. The narrow 

diameter presented a higher incidence of fracture compared to the other diameters (Table 

7). 

Below, you will find the fixture fracture rates for each diameter based on the selected 

studies, along with their conclusions.  

 

Table 7 

Fracture incidence according to implant diameter 

Study Fracture according Diameter 

 

Findings 

Lee et al. 

(2019) 

1,7 % narrow <3.75 mm / 0,87 % regular 3.75 to <5.0 mm 

/ 0,45 % ≥5.0 mm 

Wide‐diameter implants had a reduced fracture risk within 90 

months, after which the diameter did not correlate with 

fractures. 

Chrcanovic et 

al. (2017) 

1,35 % narrow <3.5 mm / 0.34 % regular: 3.7 to 4.1 mm / 

0 % wide > 4.2 mm 

The highest implant fracture rate occurred among implants of 

narrow diameter. Every 1 mm increase in diameter decreases 

the probability of fracture by 96.9% 

Yu & Qiu 

(2022) 

Narrow: 1% / regular: 0,4 % Implants with a reduced diameter may be more prone to 

fracture due to a high stress concentration or excess load. 

Gargallo et al. 

(2007) 

Ratio: 95 % regular 3.75 mm / 5% wide: 4 mm NR 

Shemtov-Yona 

& Rittel 

(2015b) 

33% narrow <3.5 mm / 30% regular 3.6 to 4.4 mm / 11% 

wide > 4.5 mm 

No correlation between the implants’ width and defect 

occurrence 

Note: based on the studies that reported data on both installed and fractured diameters. 

 



31 

Analysis of Dental Implant Fixtures Fractures: Incidence, factors and characteristics  

 

3.3. Length  

There’s a wide range of views in the literature regarding the survival rates associated with 

different implant lengths, along with varying interpretations of what constitutes a "short" 

implant. In our study, the length of the fixture was classified into 3 categories (Nam et 

al., 2024):  

 short [6 to <10 mm] 

 standard [10 to <13 mm] 

 long [≥13 mm] 

Below, you will find the fixture fracture rates for each length based on the selected 

studies, along with their conclusions. 

From the 16 selected studies, only 3 provided the lengths of both installed and fractured 

implants (Table 8). In these 3 studies, longer implants exhibit a less favourable stress 

distribution. 

 

Table 8 

Fracture rate according to implant length 

Study Fracture according Length 

 

Findings 

Lee et al. 2019 0,32%: short <10 mm / 0,87%: standard 10 to 13 mm / 

1,4%:  long ≥13 mm 

Longer implants exhibit a less favourable stress distribution 

Chrcanovic et 

al. 2017 

every 1 mm increase in length increases the probability of 

fracture by 22.3% 

Considering the statistically significant influence of implant 

length on implant fracture 

Nam et al. 2024 3% short < 10 mm / 1.88 %: 10 mm / 1.5 %: 11.5 mm / 6 

%: 13 mm 

Length was significantly associated with the survival rate. 

Note: from the 16 selected studies, only 3 provided the lengths of both installed and fractured implants. In 
these three studies, length was significantly associated with the survival rate. 

 

3.4. Position and alignment 

Analysis of six studies enabled the comparison of installation and fracture regions (Table 

9). The majority of implants were placed in the mandible. Notably, implants in the 

posterior region (83,5 %) and mandible exhibited the highest fracture rate.  



Analysis of Dental Implant Fixtures Fractures: Incidence, factors and characteristics 

32 

 

Table 9 

Position of fractured dental implant 

Study Fracture: Maxilla / Mandible 

 

Fracture: Anterior / Posterior 

Lee et al. (2019) Maxilla: Installed 9722 / Fractured 88 (0,9 %) 

Mandible: Installed 9284 / Fractured 86 (0,92 %) 

7.5 % anterior / 92.5 % posterior 

Yi et al. (2018) Maxilla: Installed 780 / Fractured 5 (0,65 %) 

Mandible: Installed 499 / Fractured 86 (4,6 %) 

100 % posterior 

Chrcanovic et al. (2017) 0.5 % Maxilla / 0.40 % Mandible 0.4 % anterior / 0.5 % posterior 

Yu & Qiu, (2022) 50 % maxilla /50 % Mandible 22% anterior / 78% posterior 

Nam et al. (2024) Maxilla 1.63 % / 2.7 % Mandible 100 % posterior 

Gargallo et al. (2007) NC 19.4 % anterior / 80.9 % posterior 

 

 

3.5. Implant Fracture location  

Table 10 

Location of fractured dental implant 

Study Implant 
material 

Implants 
characteristics 

Fixture fracture position Type of fracture 

Lee et al. (2019) Ti‐6Al‐4V / CP4 Butt joint and 
Conical joint 

With and without 
platform 

switching 

NR NR 

Yi et al. (2018) CP1, CP3, CP4 Internal and 
external 

connection 

NR NR 

Chrcanovic et al. 
(2017) 

CP1, CP3, CP4 NR Thread Transversal 

Shemtov-Yona & 
Rittel (2015b) 

CP-Ti / Ti‐6Al‐
4V 

NR Thread 

Platform 

NR 

Gargallo et al. (2007) Titanium NR Platform Vertical 

Complex 
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Yu & Qiu (2022) Titanium NR End of the screw 

Thread 

Platform 

Horizontal 

Vertical 

Nam et al. (2024) Titanium Internal and 
external 

connection 

NR NR 

Tabrizi et al. (2017) Titanium Conical implants 
with cemented 

and screw 
retained 

Thread 

Platform 

Vertical 

Zhang et al. 2022 Zirconia One piece                  
Two piece 

cemented and 
self- tapping 

Thread 

Screw level 

Platform 

Abutment 

Horizontal 

Vertical (upwards and 
downwards) 

 

Gahlert et al. (2013) Zirconia One piece                  
Two pieces 

Thread Horizontal 

 

Scherrer et al. (2019) Zirconia Torx & Internal 
hex design 

Thread Horizontal 

 

On et al. (2023) CP4 / Ti–Zr Conical with 
three diameters 

Microthread 

Thread 

Platform 

Horizontal 

Vertical 

Shemtov-Yona et al. 
(2014b) 

Ti6Al4V Internal and 
external 

connection 

In 3.3‐mm implants: at second 
or third thread                                  

In 3.75 mm implants:   at the 
platform or second thread 

In 5 mm implants: abutment 
platform or screw 

Horizontal 

Vertical 

Yamaguchi et al. 
(2018) 

CP4 Internal and 
external 

connection 

Thread, Joint and 

Platform area 

Horizontal 

Vertical (downward) 

Choi et al. (2019) CP4 TX and EV 
design 

Thread Horizontal 

Complex 

Kim et al. (2020) 

 

Ti-6Al-4V Internal 
connection 

Thread Horizontal 

Complex 
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4 DISCUSSION 

 

Fractures of the implant body remain an exceptional complication that may occur during 

implant placement, or a mechanical complication following loading of the prosthesis, the 

incidence of which is estimated at between 0.2% and 1.5% (Goodacre et al., 2003; 

Gargallo et al., 2008).  

Berglundh et al (Berglundh et al., 2002), reviewed 159 articles on dental implant 

complications over a 5-year period and reported a prevalence of fixture fractures to be 

less than 1%, ranging from 0.08 to 0.74%. These fractures are often associated with 

inflammatory reactions at the site of the fracture (Berglundh et al., 2002). 

This review reported a Titanium fracture incidence of 0,65% in the studies selected based 

on 58705 dentals implants and 389 fractures (Table 3; Table 4) a value that fits the range 

demonstrated in the literature (Berglundh et al., 2002).  

Regarding zirconia implants, Gahlert et al(Gahlert et al., 2013), evaluated 119 implants 

and reported that 13 (10.9%) were lost due to fractures. Macroscopic and microscopic 

analyses of these fractures revealed that overload, implant design, and surface 

microcracks from the manufacturing process were the main causes of zirconia implant 

fractures.  

Following the meta-analysis conducted by Pommer et al (Pommer et al., 2014), which 

examined the average time before fracture for specific implants, the average time before 

a fracture occurred was 4.1 years, with a standard deviation of 3.5 years. Additionally, 

detailed information on the time before fracture was available for 165 implants out of the 

827 included in the study, representing approximately 20.2% of the total sample. 

However, in this review, the largest number of fractures was reported in a range of 3‒5 

years (Table 6). 

 

4.1. Diameter 

In this review, the highest incidence of fractures in terms of diameter occurred in narrow 

implants (Table 7).  



Analysis of Dental Implant Fixtures Fractures: Incidence, factors and characteristics 

36 

The appropriate selection of the implant diameter is generally based on the amount of 

available bone (Bayraktar et al., 2013). So, implants with a narrow diameter can be 

employed for specific patients who have a thin alveolar crest, eliminating the necessity 

for bone grafts (Davarpanah et al., 2000; Tallarico et al., 2017). This approach helps to 

avoid the expenses and potential hardships associated with bone grafting procedures. 

Additionally, these smaller implants are utilized in cases where there is limited prosthetic 

space available (Tallarico et al., 2017). When the height is limited, the use of larger 

implants might increase the bone–implant interface. Consequently, the diameter of the 

implant could be considered the most effective factor when compared with the length. 

(Okumura et al., 2010). 

Indeed, the size of the implant diameter significantly affects its ability to withstand forces. 

Research indicates that smaller implant diameters have less surface area for 

osseointegration and can compromise the mechanical integrity of the implant fixture, 

abutment, and screws (Shemtov-Yona & Rittel, 2015b). Additionally, narrow diameter 

implants are more susceptible to mechanical failure due to reduced fatigue strength, 

especially when subjected to unfavorable force magnitudes and angles (Eckert et al., 

2015).  

Expanding the diameter of the implant while maintaining the same load results in reduced 

stress on both the implant and the surrounding bone (Baggi et al., 2008; Okumura et al., 

2010) particularly in the cortical bone. Implants with larger diameters exhibit lower stress 

levels in both the bone and the implant due to improved distribution facilitated by 

increased contact area between the implant and the surrounding bone (Baggi et al., 2008).  

According to our selected studies, Shemtov‐Yona et al (Shemtov‐Yona et al.,2014b), 

fracture mode analysis showed that fractures occurred at the second (52%) or third thread 

(48%) in 3.3‐mm implants and at the body-neck (44.5%) or second thread (55.5%) in 

3.75‐mm implants, whereas fractures in 5‐mm implants occurred at the abutment neck 

and screw (100%). The Implants metallographic sections revealed that the two fracture 

were: 

 Body-neck  located where thin metal cross sections  

 Implant body-thread located opposite the place where the inner thread creates a sharp 

notch.  
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Shemtov‐Yona et al (Shemtov‐Yona et al.,2014b) conclude that the diameter has a direct 

influence on the position of the fracture, which can occur either at the dental implant neck, 

second thread or third thread and does not always occur in the thinnest part of the implant. 

The fractographic analysis provided in this study (Shemtov‐Yona et al.,2014b) indicated 

that pinpointing a fatigue failure mechanism, especially for analyzing in vivo failures 

where fatigue striations between transgranular fractures indicate fatigue fracture, with 

possible secondary parallel cracks perpendicular to the local crack-front propagation. 

A recent retrospective analysis by Tabrizi et al (Tabrizi et al., 2017), found that standard 

or narrow diameter implants were sometimes used in the area to avoid bone augmentation, 

which in turn increases the risk of implant fracture. 

According to Nagasawa et al., the use of narrow (<3.3 mm) implants diameter increased 

the magnitude of the stress applied to the abutment head.  The limitation of this study is 

that it takes threads into account. 

Following Lee et al (Lee et al., 2019) wide-diameter implants demonstrated a notably 

reduced risk of fracture compared to narrow-diameter and regular implants within 90 

months, after which the diameter did not correlate with fractures. This finding is important 

as it confirms previous laboratory research outcomes, suggesting that the impact of 

diameter aligns closely with observations in clinical studies done by Shemtov‐Yona et 

al., (2014b, 2015a). 

Following Gahlert et al (Gahlert et al., 2013), Ninety-two percent of the fractured zircon 

implants were categorized as diameter-reduced implants, with a diameter of 3.25 mm. 

Due to this high incidence of fracture, the author says that it is not advisable to continue 

using these diameter-reduced implants in clinical practice. 

However, even with contemporary design and materials (titanium alloys) that enhanced 

designs aimed at better stress dissipation across the implant interface, achieved through 

innovations like double-threaded or triple-threaded designs that increase the implant's 

surface area, a narrow diameter implant may still exhibit lower resistance to forces when 

compared to regular and wide diameter implants and should be use in specific cases (Kim 

et al., 2023).  

In contrast to what is described, a long survival period might be expected for reduced 

diameter implants, as long as the number of implants used is sufficient to support well 

planned prostheses (Kim et al., 2023). 
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4.2. Length 

The length of the implant presents a contentious topic in the literature, with diverging 

viewpoints on survival rates and offers different definitions for short implants. Some 

researchers (Goodacre et al., 2003) suggest that implant failure risks increase with shorter 

lengths, while others (Tada et al., 2003) argue that shorter implants result in higher stress 

and strain on the bone due to reduced contact area at the implant-bone interface and less 

uniform stress distribution. 

Indeed, Petrie & Williams (Petrie & Williams, 2005) found that extending the implant 

length could potentially decrease bone deformation and maximum stress when compared 

to shorter implants. However, if the length increase surpasses 60% of the available 

cancellous bone height, the reduction in stress is not significant. Additionally, several 

authors (Pierrisnard et al., 2003; De Carvalho et al., 2012) have stated that under axial 

loads, stress variation among different lengths is not substantial. 

Renouard & Nisand, (2006), emphasized that failures cannot solely be attributed to the 

length of the implant. It seems that regardless of the length of the implant within the 

cancellous bone, stress consistently concentrates at the level of the implant neck, with 

minimal impact on peri-implant bone stress values (Pierrisnard et al., 2003). Geng et al. 

(2004) suggest that in cases of type I bone quality (Lekholm and Zarb, 1985), the length 

of the implant does not significantly affect treatment success. 

Consequently, in biomechanical literature, there isn't a unanimous agreement regarding 

clear linear relationship between the length and implant survival (Baleani et al., 2000). 

Regarding our selected studies, the results have shown that longer implants have a less 

favorable stress distribution.   

Chrcanovic et al. (2017) find that the increased fracture risk associated with length 

implants might be attributed to the trend of wider diameters (wider implant are related to 

short implant that presented lower probability of fracture).  

According to Lee et al (Lee et al., 2019), previous research has suggested that implant 

length does not impact implant survival. However, few studies have explored the 

relationship between implant length and fractures.  

The others authors find significant influence of implant length on implant fracture (Nam 

et al., 2024; Oh et al., 2023). 
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4.3. Installation Region (Maxilla/Mandible) 

In this review, failures were notably more common in the mandible than in the maxilla 

(Table 9). Adell et al. (1990), reported a cumulative implant fracture rate of less than 5% 

in both the maxilla and mandible in a period of 10 to 15 days, except for one study group 

where fracture rate reached 16% in the maxilla. It can be explained by the fact that shape 

and bone density are important factors for implants survival. The mandible is a cortical 

bone, while the maxillary bone is trabecular and less mineralized, which might 

compromise primary implant stability and lead to future failures (Tada et al., 2003). 

The two prospective studies indicate a difference in implant fractures between the maxilla 

and mandible, whereas the five retrospective studies found no significant differences. 

According to Pommer et al.'s meta-analysis, the positioning of implants was evaluated 

for 656 cases (Pommer et al., 2014). Among these, 426 implants fractured in the maxilla 

(64.9%) compared to 230 in the mandible (35.1%). Nevertheless, these findings do not 

provide sufficient evidence to conclusively assert an increased risk of fracture in the 

maxilla compared to the mandible. 

 

4.4.  Design Connection 

The literature review did not allow for a definitive conclusion or comparison between 

internal and external connection implants. To better understand the biomechanical 

behavior of these implants, a retrospective study and an in vitro study is detailed. 

The retrospective study done by Yi et al (Yi et al., 2018), conducted over 12 years, 

specifically analyzes the incidence of fractures by comparing external and internal 

connection implants. A total of 1289 implants were placed in 406 patients: 799 implants 

had an external connection (62%), and 490 had an internal connection (38%). Among the 

external connection implants, 2 implant body fractures were recorded (0.3%), while 

among the internal connection implants, 5 implant body fractures were recorded (1%). 

The authors concluded that there was no significant difference between these two types 

of implants: when subjected to forces, external and internal connection implants exhibit 

different force distributions. In an external connection implant, when an external force is 

applied, the stress is transmitted to the abutment screw, which is the most fragile part, 

often leading to screw failure before the implant body. Conversely, in an internal 

connection implant, an external force is directly transmitted to the implant body. 
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Following the in vitro study done by Gehrke (Gehrke, 2013), the static fatigue resistance 

of implants with various connection types and crown heights was tested. As the prosthetic 

height increases, an imbalanced crown-to-implant ratio can lead to a higher risk of 

fractures due to increased cantilever forces. In this research, 60 conical implants and 60 

abutments were tested, each with a diameter of 3.5 mm and a length of 13 mm. The 

compression tests followed ISO 14801 guidelines. Results showed that all three implant 

types had similar resistance at the same height. However, as crown heights increased, the 

behavior of the abutments varied. The Morse Taper abutments bent but did not completely 

fracture. With external connection screws fractured, and the edge of the implant platform 

deformed. With internal hexagon connection, the fractures occurred at the implant neck, 

specifically at the internal hexagon and the screw. 

The study (Gehrke, 2013) concluded that both the crown-to-implant ratio and the type of 

connection significantly impact resistance to non-axial forces. The findings suggest no 

major difference between internal and external connection implants in terms of fracture 

patterns, though Morse taper implants were more fracture-resistant, making them a 

preferable option for high crown-to-implant ratios. 

 

4.5. Fixture fracture classification proposal 

According to the analyzed studies, the design, in particular the type of connection, the 

diameter and the composition of the dental implant play a key role in the risk of fracture 

and have a direct influence on the type, position and direction of the fixture fracture. 

To facilitate the classification and identification of various fixture fractures, a detailed 

proposal definition is provided below. This classification covers all types of fixture 

fractures found in the analyzed studies, categorized by their type, orientation, location, 

and direction and adopts a following structured approach: 

 "Type.Orientation. Zone.Origin-Direction."  

Each fracture is therefore identified by four fields: 

1. The first field in uppercase corresponds to the Type of fracture that can be 

identified by "F" for fracture or "C" for crack. Fracture can be either partial, not 

completely dividing the implant into separate parts, or total, resulting in the 
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implant being separated into two or more distinct parts (e.g., at the angle of the 

fixture platform or as a band strip). 

2. The second field identifies the Orientation of the fracture. Studies show that 

fixture fractures in implants correspond to the progression of cracks, which can 

be either: 

- horizontal (h) 

- vertical (v) 

- oblique (o) 

- complex (c), involving a combination of multiple crack progressions. 

3. The third field specifies the zone of the fracture. We defined six distinct zones to 

cover a wide range of possible cases:  

- "p" (platform): fracture occurs on the upper part of the implant fixture 

(includes the bottom edge of the hexagonal structure in case of external 

connection) 

- "j" (joint): fracture occurs at the junction zone between the implant fixture and 

the abutment.  

- "mt" (micro-thread): fractures that occur on the fixture micro-thread. 

- "sc" (screw): fractures that occur on fixture thread in the zone corresponding 

to the end of the screw. 

- "ts" (thread): fractures that occur on fixture thread in the region extending to 

the tip of the screw. For more precision we can precise which thread is 

concerned, example ts2 

- "t": (thread): fractures that occur on the fixture thread on a one-piece implant 

or beyond to the tip of the screw in the case of internal connection. For more 

precision we can precise which thread is concerned, example t4. 

4. The fourth field is optional, composed one or two segments and concerns the 

direction and/or the origin of the crack or fracture.  

The first segment corresponds to the origin of the fracture and the following 

segment correspond to the direction.  
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We have defined six distinct zones to cover a wide range of possible origin cases: 

- "a" (abutment) 

- "p" (platform): fracture occurs on the upper part of the implant fixture 

(includes the bottom edge of the hexagonal structure in case of external 

connection) 

- "j" (joint): fracture occurs at the junction zone between the implant fixture and 

the abutment.  

- "ts" (thread): fractures that occur on fixture thread in the region extending to 

the tip of the screw. For more precision we can precise which thread is 

concerned, example ts2 

- "mt" (micro-thread): fractures that occur on the fixture micro-thread. 

- "sc" (screw): fractures that occur on fixture thread in the zone corresponding 

to the end of the screw. 

- "t": (thread): fractures that occur on the fixture thread on a one-piece implant 

or beyond to the tip of the screw in the case of internal connection. For more 

precision we can precise which thread is concerned, example t4. 

We have also defined four possible directions:  

- "u" (upward direction) 

- "d" (downward direction) 

- "ie" (internal to external direction) 

- "ei" (external to internal direction) 

- "o" (opposite) 

Below, you will find a proposed classification diagrams, designed to illustrate the various 

positions and types of fractures analyzed based of the definition classification proposal. 

This will aid in the identification and discussion process. 

These diagrams will be based on their composition and types: 

 Zirconia (one-piece and two-piece) 

 Titanium or Zirconium alloys (TiZr) 
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Figure 2 

Classification of fixture fractures in selected studies 

                        

Note: On the left, the diagram represents the fractures position and classification encountered in selected 

studies for commercially pure titanium or titanium alloy implants. On the right, the fractures encountered 
in selected studies for zirconia dental implants.  G1 related to the platform of the implant, G2 corresponding 

to the region extending from the end of platform to the tip of the screw and G3 related to the region 
extending from the end of the screw to the final section of the implant. 

  

 

Yamaguchi et al., (2018), that investigates the fatigue behavior of grade IV titanium 

screwed dental implants with different fixture-abutment joint types through in vitro 

fatigue tests and in silico finite element analysis. The focus is on the protocol used for the 

tests, as well as the position and direction of the fractures observed. Specimens were 

subjected to cyclic loading until failure, and fatigue cracks were analyzed using a micro-

CT which are consistent with previous research findings. The analysis of fracture shows 

for:  

 Internal connection implant with fixture fractures mainly located at the platform. 

Specifically, vertical cracks were observed near the buccal side of the screw hole in 

the fixture body, indicating that this area acts (edge and the screw hole) as a stress 

concentrator leading to fatigue crack initiation. This fracture is therefore classified as 

“F.v.p.d”. Fractures were also found in the threads between the first and the second 

thread classified as “F.h.ts” associated with bent abutment screws. 
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 External connection dental implants, where cracks/fractures typically occurred at:  

- at the bottom edge of the hexagonal structure with vertical direction 

classified as “F.v.p.d”. This region is mechanically weaker due to the 

tensile forces at the edge, making it more prone to fractures.  

- Joints classified as “F.h.j”, with horizontal direction where the different 

components of the implant system connect. Indeed, the juncture between 

the hexagonal structure and the platform exhibits mechanical weakness, 

leading to edge tensile stresses. (In contrast, for internal connection, this 

weak point is situated between the inner cylindrical section of the fixture 

and the base of the abutment) 

The findings indicate that fatigue crack initiation was observed at the fractured platform 

of the implant fixture, and angles of crack lines of external connection type is 137.6° ± 

4.5° were significantly greater than that of internal connection type (114.8° ± 4.3°). 

Furthermore, the observed crack lines in implants in vitro corresponded to the 

displacement vectors of the implant fixture as shown by in silico 3D FEA. These results 

imply that displacement vectors can forecast crack initiation directions. The study 

clarified that the design of the fixture-abutment joint type affects the direction of vertical 

fractures. The direction of displacement vectors occurring on the fixture platform might 

explain the vertical fractures of internal fixtures (Yamaguchi et al., 2018). 

Following the study done by On et al (On et al., 2022), that aims to compare the 

mechanical behaviors of three dental implant fixtures with different abutment connection 

designs. The goal was to evaluate the maximum fracture load and fatigue limits, with a 

focus on understanding how these designs influence the positions and patterns of 

fractures.  The fatigue test was started with a load of approximately 90% of the average 

maximum compressive load obtained through the static load test, and the final fatigue 

limit, which was obtained by incrementally lowering the load. Based on the microscopic 

examination using the SEM technique, the fracture areas under cyclic loading for the 

fatigue test differed for each implant type have been identified (On et al., 2022): 

 TiZr alloy dental implant featuring an internal conical connection with a Torx design 

(BLX): 

-  at the level uppermost edge of the fixture with a load of 80% of the nominal 

peak value classified as “F.v.p” 
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- between the first and second threads (F.h.ts) or the beginning of the 

microthread (F.h.mt) with a load of 90% of the nominal peak value. As the 

load increased, the fractured areas gradually progress from the uppermost 

edge to the apex of the fixture fracture.  

 Titanium (grade 4) dental implant featuring an internal conical connection with a 

Torx plus design (Torx++) implants was located at the level of the thinnest part of 

the fixture between the first and second thread (F.h.ts). 

 Titanium (grade 4) dental implant featuring an internal conical connection with a 

Hex (IU) located at the uppermost edge (F.v.p). The fractured area exhibited a 

tendency to progress from the uppermost edge to the apex of the fixture fracture. 

Furthermore, all three implants endured up to 50% of the nominal peak value in the 

fatigue test; the BLX implant, in particular, was able to withstand up to 70% of the 

nominal peak. This simulation represents the worst-case scenario in the harshest 

environment (On et al., 2022). Finally, considering the assumption of a resorption of the 

marginal alveolar bone in ISO 14801, the fracture risk of the TORX++ implant rises when 

the bone level drops to the thinnest point (between the first and second thread) of the 

fixture as the alveolar bone resorbs. The BLX and IU implants are prone to fracture at the 

uppermost edge of the fixture; however, as the overload increases, the fractured areas in 

BLX and IU fixtures tend to move downwards. Assuming that the alveolar bone is not 

resorbed in this study, the TORX++ implant can avoid fixture fracture by preventing the 

overload and peri-implantitis that lead to marginal bone loss (On et al., 2022). 

Following (Choi et al., 2019) that aimed to investigate the fracture behavior of dental 

implants by Changing the Internal Connection Design with Osseospeed® EV (EV) and 

Osseospeed® TX (TX). With TX sample showed a tendency of fixture-level fracture 

around the first and second threads apical to the micro-thread area (F.h.ts). For the EV 

samples, the group loaded at 50% exhibited a distinct propensity for clean-cut fractures 

occurring at the initial thread level (F.h.ts). Conversely, the remaining groups displayed 

a tendency to exhibit torn-out patterns both apically and coronally to the first thread, with 

the fractured area nearly aligning with the thinnest section of the fixture, classified as 

complex fracture at thread level (F.c.ts). 

The findings indicate that the first thread area was at the same level as the thinnest part 

in the EV fixture, while they were not at the same level in the TX. This suggests that the 
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weakest part, not necessarily the thinnest part, of the TX and EV fixtures was located 

around the first thread area. Indeed, the thinnest part of the TX implant, excluding the 

coronal portion of the fixture, was located at the micro-thread area, approximately          

0.5–1 mm coronal to the first thread of the implant fixture (Choi et al., 2019). 

Following Yu & Qiu (Yu & Qiu, 2022), that aimed to analyze the incidence of implant 

body fractures and identify possible risk factors through a long-term retrospective 

evaluation of patients who received implants from five different systems:  

 37.8% of implants failed at the end of the screw. That presents a change in geometry 

along the implant, in which the thread notches into the implant cross-section, 

becoming a weak point (F.h.sc). 

 24.3% of the fractures happened precisely at the thread area (F.h.ts) and all of these 

fractures were associated with the Ankylos system. The Ankylos implants feature a 

tapered internal connection utilizing a Morse taper system, which generates a 

clamping force to reduce micromovements. 

 37.8% of the fractures were located in the narrowest part of the implant neck and 

extended downward towards the implant threads, leading to a fracture of the implant 

body (F.v.p). 

Following Chrcanovic et al., (2017), 3 implants had fractures located at the most coronal 

part of the implant (F.v.p) and the other implants presented transversal fracture along the 

implant body (thread area) (F.h.ts).  

In the study conducted by Kim et al. (2020), a comparison of the fatigue characteristics 

and fracture patterns between single-directional loading conditions, as specified by the 

ISO 14801 standard, and multi-directional loading conditions was performed on dental 

implant fixtures made with Ti-6Al-4V alloy material. A single direction with only axial 

force was applied to the AO group (axial/occlusal), while multi-directional force with a 

2° angulation was applied to the AOFL (AO with facial/lingual) and AOMD (AO with 

Mesial-Distal) groups.  

The two groups subjected to multi-directional loading conditions were found to have 

fatigue cycle values that were five times lower, showing a statistically significant 

difference. Based on the FE-SEM micrographs, there were no differences in surface 

morphology characteristics among the three groups under single and multi-directional 

loading. However, comparing the AO and AOMD groups, only the AOMD group 
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displayed a vertical slip band in the direction of crack propagation (F.c.ts). At 1000x 

magnification, secondary fractures were present at the final fracture site for all three 

groups, but at the crack initiation site, secondary fractures were observed only in 

specimens subjected to multi-directional loading (Kim et al., 2020). 

Following the study conducted by Zhang et al (Zhang et al., 2022), which analyzed factors 

that may have led to the fracture of zirconia implants through macro/micro-fractography. 

The implants consisted of monotype (one-piece) and two-piece ceramic implants from 

two manufacturers (Z-Systems and CeraRoot). All implants were fully ceramic, made 

from 3 mol% yttria-stabilized zirconia (3Y-TZP) powder:  

 all one-piece implants (parallel-walled or tapered) have experienced fracturing in the 

endosseous segment within the constricted area situated between two threads (F.h.t) 

at similar locations, where the implants cross-section is at its narrowest. A wide v-

notch shaped cut was present at the implant surface connected to the fracture origin. 

The fracture origins for all one-piece implants were directly linked to surface flaws in 

the constriction region between two threads. 

 two-piece implants have experienced different fracture-initiation locations: 

- at the endosseous part, in the constriction region between two external threads 

(F.h.ts), its narrowest section. The failure origin was located below the 

abutment-implant connection, while the abutment was not exposed.                              

A significant precipitate that corresponds to Al2O3, with a darker contrast, was 

observed at the fracture origin of this two-piece implant break. 

- at the inner surfaces of the abutment-implant connections for cemented 

abutment and self-tapping tissue-level implants, the fracture initiate at the 

internal abutment-implant angles. The fracture went downwards with the 

origin on the upper part (angle) (F.v.ts.a-d) between the fixture and the 

abutment contact or upwards with the origin on the lower part (angle) contact 

between the fixture and the abutment contact (F.v.p.a-u). Or the fracture 

initiate at the implant-abutment angle connection and propagated horizontally 

along the implant walls (F.h.ts.a-ie) 

- For screw retained implants, the fracture initiate at the implant-screw 

connections and propagated horizontally along the implant walls                     

(F.h.ts.sc-ie) or upward to the implant shoulder (F.v.p.sc-u). 
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- Like the Z-Systems one-piece implants, both CeraRoot one-piece implants 

experienced fractures in the constricted area between two threads (F.h.t.o). 

The fractures originated on the external surface, with hackle marks radiating 

from the surface in the direction of the crack propagation. 

 All compressive curls are evident on the fracture surface of all retrieved implants, 

with the fracture origin identified on the side opposite to the compressive curl. 

According to the study done by Gahlert et al. (2012), that analyzes the mechanical failures 

one-piece zirconia dental implants, out of 170 implants inserted in 79 patients, 13 

experienced fractures after prosthetic loading. The fractures were examined using both 

macroscopic and microscopic methods, including scanning electron microscopy (SEM). 

Most fractures (12 out of 13) occurred in implants with a 3.25 mm diameter and one was 

found in an implant with a 4 mm diameter. Fractures were caused by bending forces and 

the direction of crack propagation was consistently from the palatal (or lingual) side to 

the buccal side, indicative of stress similar to biting actions.Initials crack site was 

localized at:  

 the first thread (F.h.t), suggesting good bone integration for (10 out the 13 fractured 

implants). 

 the third thread for one fractured dental implant and at the fifth and eighth threads for 

a bridge on two implants, implying bone loss in those areas (F.h.t). 

The translational study by Scherrer et al. (2019), involved the examination of 15 fractured 

zirconia implant parts, recovered with their cemented all-ceramic crowns. These implants 

were first-generation products from manufacturers like AXIS Biodental, Z-Systems, 

Straumann, and Swiss Dental Solutions. The study employed fractographic analysis to 

identify the origin and features of the cracks. A mathematical model incorporating 2D 

and 3D images of the crown-implant parts was used to calculate bending moments, 

stresses, and crack onset locations. Fractures were observed originating from the 

periphery of the most anterior diameter of the implant and adjacent to the bone level. The 

implants had significantly small diameters at their constriction points in the fracture 

zones. The cracks that initiated the fractures started at the constriction areas between two 

threads where the implant diameters were smallest, and these horizontally predisposed 

cracks were classified as “f.h.t.o”. All fractured implants also exhibited a hackle, twist 

hackle (th), several arrest lines (ar) (horizontal lines above the origin, for AXIS broken 
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implants) and a compression wave, confirming the bending component during the fracture 

process. The opposite side to the compression curl is where the fracture origin is located. 

The PURE Ceramic implant (Straumann) was the only one that fractured approximately 

5 mm within the bone. This fracture was classified as “F.h.t” as shown in the diagram 8. 

The cracks in the AXIS and SDS implants were 40 μm in size, with stress values around 

600 MPa. For SDS implants, the fracture did not originate from external surface damage, 

as the implant surface appeared smooth with very fine hackles extending from distal to 

mesial. The early implant failure was attributed to the high occlusal contact load, which 

generated bending moments in the small-diameter implant (3.7 mm) for the large-sized 

crown (Scherrer et al., 2019). 

In both ceramic-processed implants and transgranular and intergranular fracture implants, 

the microstructure present on the fracture surfaces was similar. The fracture propagated 

more transgranularly near the fracture origin. These types of horizontal and bone-adjacent 

fractures at the thinnest point of AXIS Biodental, SDS, and Z-Systems implants are 

classified as F.h.t. 
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5 CONCLUSION 

 

In this thesis, we have developed a comprehensive classification system for various 

fractures of fixture dental implants, focusing on those made from titanium, Titanium-

Zirconium and zirconia. Through an extensive review of the literature and the analysis of 

clinical and in vitro studies, we have studied the influence of risk factors on implant 

fractures. These risk factors, which can originate from prosthetic, implant, or patient-

related sources, must be anticipated and assessed to ensure the longevity of implant 

treatments. The classification system proposed in this thesis categorizes fractures based 

on their location, type (e.g., bending, complete fracture), and influencing factors (e.g., 

crown diameter, connection type). This classification not only aids in understanding the 

fracture mechanisms but also provides a framework for predicting potential failure points. 

One of the most other significant contributions of this classification system is the 

establishment of a standardized language for describing implant fractures. This common 

terminology will facilitate clearer communication among researchers, clinicians, and 

manufacturers, ensuring that everyone is on the same page when discussing implant 

fractures. This uniformity is crucial for advancing research and improving clinical 

practices. 
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