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Abstract

Although dental implants show high survival and success rates, some complications that describe by biomechanical failures
may occur. Among these, implant fractures are rare but consequence irreversible outcomes. The objective of the present
review was to inspect the causes of mechanical complications especially dental implant fractures, to help clinicians properly
plan implant-supported prosthesis treatment by considering important biomechanical aspects.
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Introduction

The use of implant-supported dentures has the
advantage of improving function and preserving tooth
structures, so ensuring the longevity of the dental treatment
[1]. A total 95.3% cumulative success rate has been shown
after 3-7 years of loading dental implants. Due to the high
success rates, dental implants have become a preferred
treatment option [2,3]. Nevertheless, several complications
are reported to involve implant components and prostheses
at higher rates compared with implant loss. The cause of
these complications is multifactorial and can be biological or
mechanical. These biomechanical complications and implant
failures occur such as loosening or fractures of the prosthetic
and abutment screws, as well as implant fractures [4,5].

Implant fracture is an infrequent complication that
affects two out of every 1,000 implants [3]. However, it was
concluded that implant fracture prevention is the most
important consideration. Implant fractures are apparent
implant failures and critical issues for patients and clinicians.
They usually involve the loss of both the implants and the
prostheses and require implant removal or being put to sleep
[1,6].

Mechanical Complications of Dental Implants: A Review

The objective of the present literature review was to
inspect the causes of mechanical complications especially
dental implant fractures, to help clinicians properly plan
implant-supported prosthesis treatment by considering
important biomechanical aspects.

Methods

An extensive literature search was completed using the
electronic databases of PubMed, Science Direct, and Web
of Science. The used keywords strings were: Implant AND
failures or Implant AND Complications. The following filters
were applied: (1) time interval from 2010, (2) Additional
refined search within the results: biomechanical failures,
implant fractures, language: English.

Abstracts were analyzed, and were excluded if they were
more about implant-supported prosthetic complications,
biological complications, management of complications,
or clinical studies that have less than 1 year of follow-up.
Accordingly, to complement this review, the involving mostly
mechanical complications in-vitro studies, long-term clinical
studies, and systematic reviews were selected.
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Classifications of Implant Failures

Failures in dental implants include biological
complications such as failure to achieve osseointegration or
the presence of periimplantitis, as well as some mechanical
complications [6]. The time the failure occurs is used to
classify the failure type. If it occurs before or at abutment
insertions, is considered an early failure, and may be based on
a lack of osseointegration. If it occurs after occlusal loading,
is considered a late failure, and related to any situation that
may negatively affect the maintenance of previously achieved
osseointegration [7].

For diagnostic purposes according to the implant failure
risk factors are into three main categories: patient-related
factors, implant-related factors, and prosthesis-related
factors. Patient-related factors; bone loss and overload
(bruxism). Implant-related factors; a crown/implant rate
that is greater than 1 and implant design. Prosthetic factors;
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loose or fracture of the prosthetic screws, and restoration
fractures [8,9].

Another classification divides implant failures into
those caused by “Biomechanical Overload,” those caused by
“Infection or Inflammation,” and those from “Other Causes”.
Biomechanical overload is manifested by the loss or fracture
of an implant component, of these, implant fracture is the
most important consideration [6,10].

Classification of Causes of Implant Fractures

There are two main causes of implant fractures which
constitute 1% of biomechanical complications. These are the
reduction of bone support of the implant after overloading
and loss of vertical tissue [11,12]. The causes of implant
fractures have been defined as shown in the Figure 1.
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Figure 1: Classification of causes of implant fractures [13].
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Accordingly, the main factors that may cause implant
fractures, include implant design, implant dimensions,
biomaterial from which the implant is produced, implant
manufacturing defects, implant position and location,
parafunctional behaviors, biomechanical or physiological
overload, and prosthetic design [13,14].

Implant Design: The chewing forces are transmitted to the
bone through the implants, causing stress at the implant-bone
interface. Implant design is important in terms of tolerating
the stresses occurring at the interface and preventing an
adverse tissue response, increasing the surface area, and
ensuring implant stability and osseointegration [15]. It is
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known that the geometry of the implant should be such that
it reduces the stress concentration in the cervical region and
increases the bone-implant contact area. Implant designs
and surfaces differ according to the manufacturers, and there
is no definite constant consensus about design or surface
treatment [16,17]. To exhibit the appropriate biomechanical
behavior, to increase the implant surface area, to minimize
the stress formation in the neck region by converting the
shear-type tensions between the implant and the bone
into compression-type tensions, the threads are positioned
as micro threads near the neck and macro threads in the
middle, and they are modified with different thread areas
[17,18]. In addition to the implant body, the abutment design
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also has an impact on the fracture strength. It has been
shown that angled abutments create higher stress values
in the cervical region and have lower fracture strength than
straight abutments [19-21].

Implant Dimensions: Narrow-diameter implants are less
resistant to fatigue failures and fractures than regular or
large-diameter implants and are more prone to material
defects that can occur during manufacturing [22,23]. Since
the fracture strength of implants is directly proportional to
the third degree (cube) of the implant diameter, a 0.2 mm
reduction in diameter can result in an approximately 15%
reduction in fracture resistance [24]. Long implants exhibit
better prognoses and higher success rates compared to
short implants. The reason for this; shorter implants have
a lower bone-implant contact area. Optimum criteria and
clinical principles for implant-supported fixed restoration
treatments are based on the requirement that the implant
length is=10 mm. However, in cases where there are some
anatomical limitations, the surgical operation cannot be
performed for various reasons and short implants are
required to be used, biomechanical risks can be reduced by
preferring larger diameter implants, avoiding cantilevers
in prosthetic restoration, preventing angled forces and
splinting the implants together [25,26]. In cases where
narrow diameter implants are required, the surface area
can be increased by choosing long implants, but it has been
shown that the implant length does not have as much effect
on the stress distribution as the implant diameter [25,27,28].
Implant Biomaterial: Structural properties of the
biomaterial used in implant production, such as elastic
modulus, hardness, compression strength, and fatigue
resistance, are effective in the resistance of dental implants to
chewing forces and the absence of adverse tissue response to
the forces transmitted to the bone [15]. Most biocompatible
materials do not have the sufficient structural strength to
withstand the forces to which dental implants are subjected.
Among all available biomaterials used in dental implant
manufacturing today, pure titanium and titanium alloys
represent the ideal in terms of biomechanical durability,
biocompatibility, and behavior at the bone-implant interface
[29,30]. Recently, zirconia in dental implant production is
popular, especially with one-piece designs required by the
material’s structure, showing high success and survival rates
[31,32].

Implant Manufacturing Defects: Manufacturing defects are
considered a very low reason for mechanical complications
that may occur in implants. In the microscopic evaluation
of implant fractures, no porosity or defects were observed
on the titanium surface, indicating a manufacturing defect.
The main factors that can cause implant body fracture are;
implant biomaterial, size, and design. Also, it has been noted
that implant body fractures are associated with most fatigue
failures [23,29].

Implant Position and Location: Implant fractures are more

Atalay P. Mechanical Complications of Dental Implants: A Review. ] Dental Sci 2022, 7(4): 000349.

Open Access Journal of Dental Sciences

common in premolar and molar regions where chewing
forces are higher and lateral movements are more affected.
The fact that the implants are positioned as angled or placed
outside the required position is also a risk factor for implant
fractures [23].

Parafunctional Behaviors, Biomechanical or
Physiological Overload: Biomechanical and physiological
overloads may result from inappropriate implant angulation
or position, insufficient occlusal support, insufficient bone
contact, or parafunctional behaviors [10,33]. Overloading
frequently causes the loosening or fracture of an implant
component. Loosening can involve cement failure, the screw
of the prosthesis or abutment loosening, or osseointegration
failure. Implant fractures mean fractures occurred at
the implant body, abutment screw, or prosthesis screw
[10]. Biomechanical and physiological overloads are the
most common causes of dental implant fractures. Such
complications may occur after static loads exceed the
fracture resistance of the material, as well as dynamical loads
of lower values, may occur due to fatigue in the material.
Overloads are mainly dependent on parafunctional habits
and prosthesis design. In individuals with parafunction
habits, the time when teeth are in contact with each other is
much higher compared to normal individuals. These contacts
may be in the form of excessive occlusal loads or continuous
repetitions of slight occlusal loads in a way that increases the
risk of implant fracture [11,23,31].

Prosthetic Design: Prosthetic restorations should have a
design that will notincrease biomechanical risks. To minimize
biomechanical risks, the passive fit of the restoration to
the implants should be ensured, the crown/implant ratio
should be <1:1, and a cantilever-free restoration should
be made, with a flat occlusal morphology with a narrow
occlusal table. Physiologic loads should be parallel to the
long axis of the implant, there should be no premature
contacts, and the lower jaw should be free during lateral and
protrusive movements. Occlusal force distribution should
be homogeneous on the implants, in some cases, it should
be adjusted in favor of the implants or infraocclusion should
be created when necessary. In addition, the application of a
protective full arc occlusal splint is important [34,35].

Conclusion

Although implant fractures are very rare among implant
failures, care should be taken to prevent them from occurring
asitisacomplications that cannotbe repaired or treated. Due
to overloads being the most common cause of dental implant
fractures, dental surgeons and prosthodontics should be
knowledgeable and attentive to the factors that may cause
overloading. Accordingly, providing an acceptable treatment
plan mainly in the posterior region, the use of numerous
implants and wider diameters, and appropriate prosthetic
restorations design provided distributed occlusions, are very
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important.
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