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Abstract

Background. Dental implants are one of the most predictable and widely accepted treatment
option for the rehabilitation of edentulous patients. Implant fracture is one of the most severe
mechanical complications and may result from excessive or repetitive mechanical loading,
unfavorable biomechanical conditions, trauma, and peri-implant bone loss. Athletes,
particularly those participating in contact and collision sports, are at increased risk of orofacial
trauma.

Aim. The aim of this narrative review is to address a current clinical gap regarding dental
implants fractures in the clinical group including athletes.Although implant fractures have been
described as a rare but significant mechanical complication,the influence of participation in
sports and increased functional demands on implant failure has not been yet sufficiently
researched.The review aims to evaluate the information included in known literature on
potential relation between athletic activity and implant-related complications ,while discussing
biomechanical and risk factors,treatment approaches and preventive measures.

Materials and Methods. A literature search was conducted using the PubMed/MEDLINE,
Scopus, and Web of Science databases using keywords: “Dental implants” , “Implants fracture”
, “Sports dentistry ” , "Athletes dental trauma”

Results. The reviewed literature identified dental implant fracture as a multifactorial
complication associated primarily with excessive or repetitive mechanical loading, unfavorable
biomechanical conditions, material fatigue, trauma, and peri-implant bone loss. Management
depended on the extent of implant damage and the condition of the surrounding tissues, ranging
from removal of the fractured component to complete implant explantation. In athletes, sports-
related orofacial trauma represents an additional potential risk to implant-supported
restorations, while mouthguards remain an important preventive strategy.

Conclusions. Dental implant fractures in athletes remain an insufficiently studied clinical
problem, particularly among individuals participating in high-risk contact and collision sports.

Further research is needed to better define the incidence, mechanisms, and risk factors
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associated with implant-related complications in these populations. Careful treatment planning,
appropriate implant-prosthetic rehabilitation, and long-term follow-up are essential for athletes
with dental implants. In addition, the use of properly fitted mouthguards should be strongly
emphasized as an important preventive measure against sports-related orofacial trauma and
potential damage to implant-supported restorations.

Keywords: dental implant fracture, dental implant failure,sports trauma,sports
dentistry,contact sports fatigue fracture ,mechanical complications

1.Introduction

Dental implants have become one of the most predictable and widely accepted treatment
options for the replacement of missing teeth and the rehabilitation of partially and completely
edentulous patients. The development of implant design, biomaterials, surface modifications,
digital treatment planning, and surgical and prosthetic protocols has significantly improved
clinical outcomes, resulting in high long-term survival rates and predictable functional
rehabilitation (Goodacre et al., 2003; Buser et al., 2017). Implant-supported restorations have
transformed contemporary dentistry by restoring masticatory function, aesthetics, phonetics,
and patients’ quality of life (Buser et al., 2017).

The long-term success of implant therapy is primarily based on osseointegration, defined as a
direct structural and functional connection between living bone and the surface of a load-
bearing implant (Branemark et al., 1977; Albrektsson et al., 1981). Dental implants are
alloplastic biomaterials, most commonly manufactured from commercially pure titanium or
titanium alloys such as Ti-6Al-4V ELI, which are surgically inserted into the alveolar bone to
support prosthetic restorations. Titanium remains the material of choice due to its excellent
biocompatibility, corrosion resistance, favorable mechanical properties, and ability to establish
a stable bone—implant interface (Albrektsson et al., 1981; Shemtov-Yona and Rittel, 2015).
However, long-term implant success depends not only on osseointegration but also on the
maintenance of healthy peri-implant tissues and favorable biomechanical conditions during
function (Berglundh et al., 2018).



Despite their high predictability, dental implants may be associated with biological,
mechanical, technical, and aesthetic complications. Biological complications include peri-
implant mucositis and peri-implantitis, whereas mechanical and technical complications
include screw loosening, screw fracture, abutment failure, prosthetic fracture, loss of retention,
and implant body fracture (Goodacre et al., 2003; Esposito et al., 1999). Among these
complications, implant fracture is considered one of the most severe mechanical failures
because it often results in loss of implant function and may require surgical removal followed
by additional rehabilitation procedures (Al Quran et al., 2009; Stoichkov and Kirov, 2018).
The development of implant fractures is considered a multifactorial process involving implant-
related, prosthetic, patient-related, and biomechanical factors. Excessive occlusal loading,
parafunctional habits such as bruxism, inadequate implant dimensions, unfavorable implant
positioning, prosthetic misfit, peri-implant bone loss, and fatigue caused by repetitive cyclic
loading have been identified as important contributors to implant fracture (Conrad et al., 2008;
Stoichkov and Kirov, 2018; Sdenz-Ravello et al., 2018; Manfredini et al., 2024). Due to
repeated mechanical stress, microscopic defects may accumulate within the implant structure,
eventually leading to fatigue failure and fracture (Shemtov-Yona and Rittel, 2015; Capodiferro
et al., 2006).

The increasing number of young and physically active patients undergoing implant therapy has
introduced new challenges for implant dentistry. Athletes represent a population with increased
exposure to traumatic events affecting the orofacial region. Sports-related dental injuries are
particularly common in contact and collision sports, including rugby, hockey, martial arts,
boxing, handball, and football, where direct facial impacts frequently occur (Mdller et al.,
2021; Kumamoto and Maeda, 2004; Saini, 2012; Black et al., 2017). Such trauma may
compromise natural teeth, prosthetic restorations, and implant-supported rehabilitations,
potentially affecting long-term treatment outcomes (Stubinger et al., 2004; Murri Dello Diago
etal., 2021).

In addition to acute trauma, athletes may be exposed to repetitive mechanical loading
associated with intensive physical activity. Increased functional demands, high muscle activity,
and potential parafunctional habits such as clenching may contribute to additional
biomechanical stress on implant-supported restorations. Although direct evidence linking
sports participation with implant fracture remains limited, the combination of traumatic
exposure and increased mechanical loading represents a clinically relevant consideration in

implant treatment planning for athletes.



Therefore, successful implant rehabilitation in physically active individuals requires careful
assessment of biomechanical risk factors, individualized treatment planning, appropriate
implant selection, occlusal evaluation, and preventive strategies. The use of protective
mouthguards, particularly in contact sports, may reduce the incidence and severity of sports-
related orofacial injuries and should be considered as part of preventive care in athletes with
implant-supported restorations (Green, 2017; Fernandes et al., 2019; Knapik et al., 2019;
Abbott et al., 2024).

The aim of this narrative review is to summarize current knowledge regarding implant fractures
in athletes, with particular emphasis on potential sports-related risk factors, mechanisms of

failure, diagnosis, management, and preventive strategies.
Research Objective

The objective of this narrative review is to analyze current knowledge regarding dental implant
fractures in athletes, with particular emphasis on sports-related risk factors,implant failure

mechanisms, diagnostic approaches , management strategies and preventive measures.
Research Questions

The review addresses the following practical questions: (1)What are the main mechanisms and
risk factors contributing to dental implant fractures? (2)How may sports-related factors,mainly
facial trauma and increased mechanical loading , influence the risk of complications in
athletes? (3)What preventive approaches may reduce the risk of implant fractures in physically

active patients?(4) What are the current limitations and knowledge gaps regarding the topic?
2.Research materials and methods
2.1 Study design and literature search strategy

The study was conducted as a narrative review of the current literature regarding dental implant
fractures in athletes. The review was designed to provide a summary of available evidence on
the mechanisms, risk factors, management , prevention strategies associated with implant
fractures. Due to the limited number of studies directly investigating implant fractures in
athletes, relevant evidence from implantology, biomechanics and sport dentistry literature was
included to provide a comprehensive overview of the topic.

A literature search was conducted using the PubMed/MEDLINE database. The search included
publications related to dental implant fractures, implant complications, biomechanics, sports-

related dental trauma, and preventive strategies. The following keywords and combinations of
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terms were used: “dental implant fracture”, “implant fracture”, “mechanical complications of
dental implants”, “implant failure”, “sports dentistry”, “sports-related dental trauma”,
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“orofacial trauma”, “athletes”, “mouthguards”, “occlusal overload”, and “bruxism”.
2.2.Data collection and qualities synthesis

Relevant data from selected publications were extracted and organized according to the main
objectives of the review. The collected information included study characteristics, publication
type, factors contributing to implant fracture, biomechanical mechanisms, sports-related risks,
diagnostic approaches, treatment strategies, and preventive measures.

Due to the limited number of studies directly addressing implant fractures in athletes, a
qualitative synthesis approach was applied. Findings from implantology, biomechanics, and
sports dentistry literature were integrated to identify common risk factors, current clinical
approaches, and existing knowledge gaps. The quality and clinical relevance of available

evidence were considered during interpretation of the findings.
2.3. Al assistance

Artificial intelligence tools were used as assistive instruments for organizing the manuscript
structure, improving academic English and supporting editorial consistency. The final selection
of literature, interpretation of clinical content, verification of references and conclusions
require human author review. Al tools were not used as a source of clinical evidence, did not

replace professional judgment and did not generate original research data.
3.Research results
3.1.Dental implant fractures -mechanisms

Although dental implants are considered to be highly effective demonstrating high long term
survival rates, implant therapy is not free from complications.These complications are
generally classified as biological,including peri-implantatis,or mechanical , such as screw
loosening , abutment fracture, implant body fracture.Among mechanical complications,
implant body fracture is regarded as the most serious frequently requiring extraction of the
implant and its supporting bone. Mechanical complications are strongly influenced by the
magnitude and characteristics of functional loading.Occlusal forces transferred to the implant

may generate internal stress within the implant structure contributing to its failure over time.



The type of prosthetic restoration supported by implants may modify the distribution and

magnitude of transmitted forces,affecting the biomechanical behavior of the implant-

restoration complex.

Similar to parafunctional habits,intense physical activity may represent an additional source of

increased mechanical demand.Parafunctional habits, such as bruxism and clenching ,may

increase stress within the implant-prosthetic system and contribute to earlier development of

mechanical complications(Goodacre et al., 2003; Esposito et al., 1999; Conrad et al., 2008;
Stoichkov and Kirov, 2018; Manfredini et al., 2024).
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Figure 1. Schematic illustration of the potential relationship between sports-related factors and dental implant

fracture.

Source: Author's own elaboration based on Conrad et al. (2008), Shemtov-Yona and Rittel (2015), Stoichkov and
Kirov (2018), Manfredini et al. (2024), Maller et al. (2021), and Green {2017).



3.2.Failure Analysis in Implant Dentistry

Implant fracture is generally considered a fatigue-related phenomenon rather than the result of
a single traumatic event. Repetitive cyclic loading generated during mastication induces
microscopic defects within the titanium structure. These microcracks gradually propagate
under continuous functional loading until the remaining cross-sectional area of the implant is
no longer able to withstand occlusal forces, resulting in catastrophic fracture(Shemtov-Yona
and Rittel, 2015; Capodiferro et al., 2006).

The development of fatigue failure is influenced by several biomechanical factors, including
implant geometry, stress concentration, prosthetic design, and the amount of supporting peri-
implant bone. Bone loss increases bending moments acting on the implant, whereas narrow-
diameter implants exhibit reduced resistance to cyclic loading.Fractographic analysis using
scanning electron microscopy has demonstrated characteristic fatigue striations and crack
propagation patterns, confirming that most implant fractures develop progressively before
complete mechanical failure(Stoichkov and Kirov, 2018; S&enz-Ravello et al., 2018;
Manfredini et al., 2024).Understanding the biomechanical mechanisms responsible for implant
fracture is essential before discussing the potential influence of sports-related trauma and

increased mechanical loading in physically active individuals.
3.4.Facial trauma and sport-related injuries

Sports activities, particularly those involving physical contact, represent an important risk
factor for maxillofacial trauma. Athletes participating in disciplines such as combat sports,
rugby, American football, hockey, basketball, and martial arts are exposed to repetitive or high-
energy impacts that may affect the dentoalveolar structures and implant-supported restorations.
Traumatic forces transmitted to the facial skeleton can result in implant-related complications,
including peri-implant bone damage, prosthetic fractures, screw loosening, and, in severe
cases, implant fracture. Although dental implants demonstrate high survival rates, they are not
immune to mechanical complications, especially when subjected to excessive loading
conditions exceeding their biomechanical tolerance(Mduller et al., 2021; Kumamoto and
Maeda, 2004; Black et al., 2017; Stubinger et al., 2004).

Contact sports are associated with a higher incidence of dental and maxillofacial injuries due
to direct collisions, falls, and impacts from sports equipment. Unlike natural teeth,

osseointegrated implants lack a periodontal ligament, which normally provides proprioception



and allows physiological shock absorption. Consequently, forces applied to implant-supported
restorations are transferred more directly to the implant—bone interface. In athletes exposed to
repeated trauma, this altered biomechanical response may increase the risk of mechanical
complications, particularly when combined with unfavorable implant positioning, reduced
bone support, or excessive occlusal forces(Tuna and Ozel, 2014; Shemtov-Yona and Rittel,
2015).

The development of implant fractures is strongly related to the magnitude, direction, and
frequency of mechanical forces acting on the implant system. During sports activity, implants
may be exposed not only to acute traumatic forces but also to repetitive cyclic loading. High-
impact movements, sudden muscle contractions, and accidental collisions may generate
bending moments and tensile stresses that contribute to fatigue-related damage of implant
components. Implant fracture is generally considered a late mechanical complication
associated with repeated stress accumulation, where microscopic structural defects may
progressively develop until complete failure occurs. The risk may be increased in cases
involving narrow-diameter implants, excessive cantilevers, unfavorable crown-to-implant
ratios, or insufficient prosthetic design(Conrad et al., 2008; Stoichkov and Kirov, 2018; Saenz-
Ravello et al., 2018; Manfredini et al., 2024).

Parafunctional activity, including bruxism and increased masticatory muscle activation during
physical effort, may represent an additional factor influencing implant biomechanics. Studies
investigating exercise-induced jaw clenching suggest that high-intensity physical performance
can be associated with increased activation of the masticatory muscles, potentially generating
forces greater than those observed during normal function. In patients with dental implants,
prolonged exposure to excessive occlusal forces may contribute to mechanical complications
such as screw loosening, prosthetic fracture, and implant fatigue failure. However, the direct
relationship between sports-related bruxism and implant fracture remains insufficiently
investigated and requires further clinical research.

The increased risk of implant complications among athletes is likely multifactorial and results
from the interaction between biological, mechanical, and behavioral factors. Repeated trauma,
excessive functional loading, parafunctional habits, and inadequate protection during sports
activities may negatively influence implant stability and prosthetic integrity. Additionally,
early exposure to excessive mechanical loading may theoretically compromise implant healing.
Therefore, implant rehabilitation in physically active individuals requires careful consideration
of sport-specific risks, biomechanical conditions, and individualized preventive
strategies(Muller et al., 2021; Shemtov-Yona and Rittel, 2015; Manfredini et al., 2024).
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Diagnosis and management of implant fractures
Diagnosis of implant fracture

The diagnosis of dental implant fracture requires a comprehensive clinical and radiographic
evaluation. Clinical signs may include pain, mobility of the prosthetic restoration or implant
component, sudden loss of function, changes in occlusion, or prosthetic instability.
Radiographic examination is essential to assess the location and extent of the fracture, the
condition of surrounding bone tissue, and the presence of associated complications such as
peri-implant bone loss. Differential diagnosis should include other mechanical complications,
such as abutment screw fracture, prosthetic fracture, or loosening of implant components, as
these conditions may require different treatment approaches(Esposito et al., 1999; Goodacre et
al., 2003).

Treatment planning

Management of implant fractures should be based on identification of the underlying cause and
evaluation of factors contributing to mechanical failure. Important considerations include
implant position, implant diameter, prosthetic design, occlusal loading, bone support, and the
presence of parafunctional habits such as bruxism. Before selecting a treatment strategy,
clinicians should determine whether the complication affects only the prosthetic components
or involves fracture of the implant fixture itself. While some mechanical complications may be
managed by repair or replacement of prosthetic components, true implant body fracture usually

requires surgical intervention(Stoichkov and Kirov, 2018; Manfredini et al., 2024).
Treatment options

The management of implant fracture depends on the location of the fracture, remaining bone
support, and the possibility of restoring function. In cases involving fractured prosthetic screws
or abutments, conservative approaches such as retrieval of the fractured component and
replacement may be possible. However, when the implant fixture itself is fractured, removal is
generally considered the preferred treatment option because predictable repair of the implant
body is not currently available. Alternative approaches may include removal of only the
coronal fractured segment while maintaining the apical portion if adequate stability and bone
conditions are present; however, this approach requires careful radiographic and clinical
assessment(Al Quran et al., 2009; Mendonca et al., 2009; Jin et al., 2017).
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Implant removal

Implant removal may be necessary in cases of implant body fracture, severe peri-implant bone
loss, infection, or inability to maintain the prosthetic restoration. Several explantation
techniques have been described, including reverse torque, trephines, burs, piezosurgery, and
other minimally invasive approaches. The preferred method aims to remove the failed implant
while preserving as much surrounding bone as possible to facilitate future rehabilitation.
Studies evaluating explantation techniques suggest that conservative removal methods,
particularly reverse torque, may reduce damage to the surrounding tissues, although the choice
of technique depends on individual clinical conditions(Masaki et al., 2024; Roy et al., 2020).

Post fracture reimplantation

Following implant removal, replacement with a new implant may be considered after adequate
assessment of the implant site. The timing of reimplantation depends on factors such as the
presence of infection, residual bone volume, defect morphology, and primary stability
achievable during placement. In cases of implant fracture associated with excessive mechanical
loading, modifications of the treatment plan may be required, including the use of wider
implants, increasing the number of implants supporting the restoration, improving prosthetic
design, or addressing parafunctional habits. However, evidence regarding optimal management
after implant fracture remains limited, and available studies are mainly based on clinical reports
and small patient groups(Talebi Ardakani et al., 2023; Roy et al., 2020; Masaki et al., 2024).

Prevention

The use of mouthguards is one of the most effective preventive strategies in sports dentistry.
Mouthguards reduce the risk and severity of sports-related dentofacial injuries by absorbing
and distributing impact forces. Although direct evidence regarding prevention of implant
fracture is lacking, their ability to reduce facial trauma may be particularly relevant in athletes
with implant-supported restorations(Green, 2017; Fernandes et al., 2019; Knapik et al., 2019;
Abbott et al., 2024).

Appropriate treatment planning is essential for minimizing the risk of implant-related
mechanical complications. Implant selection should consider patient-specific factors, including
anatomical conditions, occlusal forces, type of prosthetic restoration, and functional demands.
In athletes, additional consideration should be given to the type and intensity of sport,
probability of facial trauma, and potential exposure to excessive mechanical loading. Selection
of an appropriate implant diameter and length, optimal three-dimensional positioning, and
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adequate prosthetic support may contribute to improved biomechanical stability and reduced
risk of implant fracture(Conrad et al., 2008; Manfredini et al., 2024).

Occlusal overload is considered an important factor contributing to mechanical complications,
including implant fracture. Careful occlusal adjustment and monitoring are therefore essential,
especially in patients exposed to increased functional loading(Conrad et al., 2008; Stoichkov
and Kirov, 2018).

Regular maintenance and follow-up visits allow early detection of biological and mechanical
complications, including screw loosening, prosthetic instability, and excessive occlusal
loading, potentially preventing progression to implant fracture(Goodacre et al., 2003; Esposito
etal., 1999).

4.Discussion

Current evidence indicates that dental implant fracture is a multifactorial complication
associated with biomechanical overload, implant design, prosthetic factors, and patient-related
conditions such as parafunctional habits(Manfredini et al., 2024; Stoichkov and Kirov,
2018).However, most available studies focus on general implant populations, and evidence
specifically regarding athletes remains limited.

Although contact sports are associated with an increased risk of dentofacial trauma, the direct
relationship between sports participation and implant fracture has not been clearly established.
The possible increased risk in athletes is mainly based on biomechanical considerations,
including repetitive loading, traumatic forces, and increased functional demands(Mdiller et al.,
2021; Shemtov-Yona and Rittel, 2015).

The main limitations of current literature include the low incidence of implant fractures,
predominance of retrospective studies and case reports, and lack of sport-specific clinical data.
Further prospective studies are needed to identify risk factors and develop preventive protocols
for athletes with dental implants(Manfredini et al., 2024).

5. Conclusion

Dental implant fracture is a rare but significant mechanical complication that may compromise
implant rehabilitation. Although athletes may be exposed to higher mechanical and traumatic
demands, current evidence directly linking sports activity with implant fracture remains
insufficient(Manfredini et al., 2024; Miller et al., 2021)
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Individualized treatment planning, occlusal control, protective measures, and regular follow-
up may help reduce the risk of complications. Further research is required to establish evidence-
based guidelines for implant management in athletes(Green, 2017; Abbott et al., 2024).

Al Usage
Artificial intelligence (Al) tools were used to assist with the linguistic and syntactic revision
of the English language, as well as to support the identification and retrieval of potentially

relevant scientific literature indexed in PubMed.
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