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Abstract
Background. Regardless of the multiple options of connections, diameters and heights for dental implants, the clinician
should know the biomechanical behavior of the bone to plan the treatment according to the biological and anatomical
conditions of each patient, without risk to the long-term treatment success. Review. The following review attempts to
summarize the relevant literature to establish guidelines for clinicians based on the scientific evidence regarding the influence
by the implant’s connection, diameter and length on the bone biomechanics. Conclusions. The length, diameter and
connection of each implant have a degree of influence in bone biomechanics. Despite the influence of different implant
connections, diameters and lengths on peri-implant bone stress and strain, these characteristics should remain within the
physiological limits to avoid a pathological overload, bone resorption and consequent risk to the long-term success of implant-
prosthetic treatment.
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Introduction

In the last decades, major technological and scientific
advances have occurred in dental implantology. The
esthetic requirements of clinicians and high patient
expectations continue to increase, as do advances in
implant design and clinical techniques [1].
Many types of implants are available, which have

different external designs, surfaces, platforms, con-
nections, diameters and lengths [2]. This extensive
range of options should be analyzed biomechanically
by the clinician, according to the biological and
anatomical conditions of each patient. The clinical
success of rehabilitation by implant prostheses is
predominantly related to the way that mechanical
stresses are transferred from the implant to the sur-
rounding bone without generating tensions that could
endanger the longevity of the implants and prostheses
[3,4].
The following review attempts to summarize the

relevant literature to establish guidelines for clinicians
based on scientific evidence regarding the factors that

influence the biomechanical behavior of implant
prosthesis. The objective of this review was to focus
on studies that report the influence of the connection,
diameter and length on an implant on bone
biomechanics.

Biomechanics in implantology

The term biomechanics is related to the application of
mechanical engineering to solve biological problems
[5]. This field is primarily important in dentistry
because the teeth, temporomandibular joint, maxilla
and mandible undergo biomechanical activities dur-
ing chewing and functioning [5].
The prognosis and long-term success of dental

implant treatment are greatly influenced by the
biomechanical environment in which they are
exposed [6], in combination with the physical and
geometric properties of each implant component [7];
the clinician’s poor knowledge of biomechanical
concepts is related to the failure of implant restora-
tions [8]. Clinicians should know that the process and
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consequences of stress transmission to the surround-
ing bone depends on the nature of the applied load
(the amplitude, direction and frequency), the implant
design, the biological and biomechanical properties of
the bone–implant interface and the bone tissue reac-
tion to the mechanical environment created by the
load over the implant [9].
The balance of forces and bending moments in

bone do not allow teeth and implants to move freely
in the maxilla or mandible. An external force pro-
duces an internal stress with reactions in the bone
anchorage, that are of equal value but with opposite
direction [10]. The interface between the bone and
implant is mechanically the most vulnerable region of
the prosthesis–implant system [11], predominantly
because bone losses could be caused by complex
biomechanical interactions between the implant and
bone [12].
When a load is applied over an implant, the load is

partially transferred to the bone, concentrating greater
stresses at the cervical region of the implant [13]. This
phenomenon is derived from an engineering princi-
ple, which states that, when a load is applied between
two materials, the stresses are highest at the starting
point [14]. In bone, the compressive forces tend to
maintain the integrity of the implant–bone interface,
whereas the tension tends to separate the integrity
[15]. The tensile strength yield is 30% lower than that
of the compressive forces in bone [11]. The cortical
bone is more resistant to compression and less to
shearing [11].
One of the most important factors to be considered

in bone is its accelerated resorption by an excess of
stress above its limit [4,16–18]. Although the level of
bone is maintained by stress within a physiological
range [19], an excessive increase in stress might create
an imbalance in the function of osteoclasts and pro-
mote a significant bone loss [20–22]. Mullender et al.
[23] have described the bone re-modeling process as a
self-organizing biological control in which osteocytes
act as sensors of mechanical signals, with each sensor
producing a stimulus for regulating the nearby bone
mass.
Osteocytes need mechanical stimulation to main-

tain their viability and survival and, if the stimulation
does not occur, an apoptotic process might be
induced [24]. When stress is maintained below the
balance limit, it could activate the re-modeling
process to reduce the strength of the entire bone,
removing the cancellous and endocortical bone parts.
When strain and stress exceed the limit, micro dam-
age and microscopic cracks occur in the bone matrix,
which lead to bone resorption [25]. A biomechanics
signal change might start the re-modeling process in
which bone tries to adapt to a new mechanical
environment [26].
Frost [27] suggests a mechano-statistical theory,

which provides that bone re-modeling remains

inactive for loads that cause deformations in a range
between 200–400 micro strains (me). If higher strains
exist, an increase of bone density of between 400–
3000 me, approximately, might occur, identifying an
accumulation of micro damage in values over 4000–
25 000 me. Frost [28] reported 4000 me as the possible
limit strain value to achieve a pathological bone over-
load. Duyck et al. [29], through a finite element
analysis and based on computerized tomography
scans, estimated that over 4.200 me is the limit asso-
ciated with a possible induction of bone resorption.
Bone tends to gradually change in morphology in an
attempt to adapt to a new external load [30].
Cehreli et al. [31] stated that the threshold values of

physiological strains were not quantified in the jaws
and, therefore, the clinical relevance of these absolute
values of bone deformations are only speculative. In a
study with monkeys, Melsen and Lang [32] evaluated
the biological reactions of the alveolar bone during
load application to the implants, verifying bone appo-
sition in most cases in which strains varied between
3400–6600 me. Values above 6700 me showed bone
resorption and imbalance in the apposition–resorp-
tion process [32].
Stress distribution in surrounding bone might be

influenced by various factors such as the implant
position and angulation, implant–abutment connec-
tion and magnitude of the occlusal load [33,34]. The
process and result of load transmission through the
implant to the surrounding bone depend on the
nature of the applied load (the direction, amplitude
and frequency), implant design, biological and bio-
mechanical properties of the bone–implant interface,
bone quantity and quality and reaction of the bone
tissue to the mechanical environment created by the
implant load [9,35].
On the other hand, in cases of immediate implants

subjected to functional loads, there might be an
increased risk of biomechanical failure due to the
excessive micromotion [36], considering that the
most critical factors for implant’s success and main-
tenance of the mechanical environment are good
primary stability and minimal micromotion (50–
150 mm) [37–39]. The bone–implant interface in
the cases of immediate implants is considered even
more critical because the implants are loaded into
prepared alveoli and there is no complete contact of
perimplantar bone at the ultrastructural level, in such
a way that the primary stability is maintained only by
the initial mechanical pre-load of the implant [39].
Occlusal contacts avoidance seems to be mandatory
in single or even partial cases in immediate implants.
Stress and strain reduction in the peri-implant bone

remains an important and complex objective for dif-
ferent implant designs [40]. Because of the wide
variety of applications that use implants and the
continued evolution of the clinical indications and
protocols for prosthetic treatment, it is necessary to
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analyze stress and strain in the bone–implant system
[17]. The optimization of an implant design may
favor the mechanical environment for bone preserva-
tion [12].

Implant design

New implant designs and prosthetic components, as
well as new clinical techniques, have been developed
to prevent or reduce the alveolar ridge loss [1]. With
the increase on the demands and clinical applications
of implants, new designs have been studied and
there are more than 20 geometric variations on the
market [41]. This has lead manufacturers to develop
different types of retaining screws that support higher
torque values, change types of the implant material
and create new designs for the implant–abutment
interface [42].
Some implants might have common technical fail-

ures including prosthetic screw loosening, implant or
prosthetic fractures and micro-displacement of crowns
and/or crown-implant connection [33,43,44]. These
failures generally do not lead to implant loss, yet
they represent a significant problem for clinicians
and patients and result in additional costs. To atten-
uate these difficulties, implants and abutments have
been subjected to changes; there are a great variety of
implants, connections and abutment geometries with
different shapes, length, diameters, thread patterns
and surface topographies [45].
The key factor in biomechanical implant systems is

the connection, which is the interface between the
implant and the abutment that keeps them together by
force applied to the locking screw [46]. Bozkaya et al.
[33] stated that implant design, characterized by
the geometry and type of abutment connection, is
an important factor in establishing the performance
and maintenance of the osseointegration of implant-
supported prostheses, which should determine the
load transmission in the peri-implant bone as the
implant–abutment interface. Assunção et al. [47]
reported that high stress levels observed in the apical
area of an implant might be related to the design,
which, if modified, could greatly improve the distri-
bution of stress over the trabecular bone. Lin et al.
[48] showed that the influence of the connection type
in the stress values over the bone was ~5%, which was
less important than the position or load condition of
the implant.
Implant designs might influence bone stress and

could contribute to bone ridge loss [49]. Also,
implant geometry plays an important role in improv-
ing the primary stability of immediate implants. For
immediate implants, contact and friction are critical
for their biomechanical behavior and subsequent suc-
cess [50]. Biomechanically, the connections should
reduce the tension on the prosthetic components and
at the bone–implant interface, ensuring an adequate

stability for the prosthesis [51]. The most commonly
used implantology connection types are external
hexagon, internal hexagon and Morse taper.

External hexagon

This connection type is formed by an implant with a
hexaedrical platform in the upper region and a
separate abutment screw; the unique structure of
the hexagon does not allow platform rotation. The
hexagon has a height of 0.7 mm that allows for an
adjustment of the implant placement only during
surgery [52].
The external hexagon is the most widely used

design in implantology [53]; however, the external
connection has been gradually modified and incor-
porated a mechanism to prevent prosthetic rotation
[54,55]. One of the problems of this connection type
is loosening of the abutment screw, which has a direct
relationship to the rotational misfit at the abutment/
implant interface that is related to higher rotational
freedom with greater loosening of the screw [54,55].
The external hexagonal configuration determines a
rotational position; however, it had no positive locking
system [56]. Subsequently, a technique was devel-
oped by Binon and McHugh [54,55] to improve the
problem of rotational misfit.
This system presents more micromotion, predom-

inantly by the smallest settlement area between the
implant–abutment junctions, which might cause
clinical complications [42,57]. Most of the complica-
tions of external hexagon implants are related to the
loss or fracture of the abutment screw, especially in a
single prosthesis [52,58]. The external rotation center
promotes a lower resistance under lateral loads,
creating a possible gap in the implant–abutment
interface, which might lead to bone resorption [59].
Weinberg [60] shows that this type of connection is
particularly vulnerable because of its limited junction
with its external components in combination with the
presence of a small fulcrum point when oblique loads
are applied to the implant.
Some factors responsible for abutment screw loos-

ening in the external hexagon system are the vertical
overload, the lateral load on the side of the non-
working side or the structures with misfits [53].
The hexagonal platform limitations became more
visible when its application was extended to partially
edentulous arches or single-unit prostheses and the
use of anti-rotational internal connections became
more appropriate to such cases [53]. This platform
resists the vertical loads; however, the abutment screw
is the only one that absorbs lateral loads [6,56]. It was
designed primarily to receive axial forces, which do
not occur during chewing. During lateral loads, stress
depends only on the contact angle between the
hexagonal abutment and the implant [54,55], provid-
ing a lower distribution area compared to an internal
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connection system [52,61]. The region of the external
hexagonal platform appears to determine a rotational
position more than it absorbs lateral forces [56,62].
In an external hexagon connection, the abutment

screw is uniquely responsible for maintaining the
abutment during functional loads [31,51]. In this
context, Kim et al. [44] found that a hexagonal system
has smaller seating in the platform junction compared
to internal hexagon systems. Pessoa et al. [6] com-
pared the stress of the abutment screw connections
between the external and internal hexagon, conclud-
ing that the stress was considerably higher in implants
with an external hexagon. Similar results have been
reported in studies [41,56,63] that identified more
stress on the implant screw as well as on the implant
when both types of hexagonal connections were
compared.

Internal hexagon

This system consists of an implant with an internal
junction at the neck level and a hexaedrical abutment
with a separate screw. The abutment lateral wall
facilitates dissipation of the lateral loads and the
abutment screw protects it from excessive stress
[6]. This system emerged as an evolution of the
external hexagonal connection, which has advantages
such as lower occurrence of abutment screw loosen-
ing and fracture [61], greater load absorption and
better settlement at the abutment–implant interface
[44]. This type of connection promotes homogeneous
stress distribution around the implant, reducing the
stress on the bone [64]. The above could be explained
by the greater depth within the hexagonal junction of
the implant, reducing the lever arm and changing the
prosthesis–implant fulcrum to the middle region of
implant [46]. This connection has a mechanism that
provides a lateral support for external oblique loads,
completely restricting the abutment and screw and
increasing the resistance to screw loosening [44]. This
mechanism produces better stress distribution on the
bone [59] and promotes greater stability for the pros-
thesis retaining screw [61], reducing the risk of screw
fracture and consequent prosthesis failure [51,65].
Compared to external connections in laboratory

tests, internal connection systems have shown
better results in stress distribution and greater anti-
rotational stability [66]. Under oblique loads, the
lateral abutment walls contribute to stress distribu-
tion, which is favorable for its use in a one-step
surgical procedure and with single implants in areas
with limited inter-occlusal space [59]. Tsuge and
Hagiwara [53] stated that there is no evidence that
an internal connection is better than an external
connection. Gurgel-Juarez et al. [66] concluded
that internal connections produce ~60.4% less stress
on the trabecular bone compared to external hexagon
systems. Baggi et al. [17] reported similar results in

relation to the lower level of stress on the cancellous
bone of the internal hexagonal system compared to
that of the external hexagon. Other authors [6,59,67]
have reported lower stress on the bone in internal
hexagon systems. Pessoa et al. [6] demonstrated that
the internal connection showed lower shear stress in
the cervical region and, according to Stanford [68],
the abutment of the internal connection is biome-
chanically more advantageous for the long-term suc-
cess of prosthetics.
There are several types of internal connections on

the market, including different internal hexagon
types such as hexagonal, triangular and ‘cloverleaf’
designs [1].

Morse taper

This type of connection consists of an implant and a
long, tapered screwed or press-fit abutment that pre-
cisely adapts to the inner part of the implant. The
conical and deep interface between the implant and
the abutment walls give resistance to lateral loads [6].
There is a convergence angle of 4–16� in the Morse
taper, which increases the flexural strength of the
abutment [42]. Geometric lock and taper friction
are the basic principles of the abutment protection
mechanism of an excessive functional load [56].
The Morse taper system emerged as an alternative

to the external hexagon because of its better stability
and smaller magnitude and quantity of micromotions
[69]. In pure Morse Taper conception, the abutment
is attached to the implant through an internal conical
connection with no screw; the union is predominantly
achieved by mechanical friction between the inner
implant wall and the external abutment [70]. The
mechanism of the pressure fitting the tapered abut-
ment, combined with a screw at the end, appears to be
responsible for the abutment protection during exces-
sive loads [9]. The tapered geometry facilitates
distribution of the loads, which are resisted primarily
by its walls, allowing a retention by friction forces and
preventing abutment motion or tilting [56,59].
The Morse taper system is favored by the seal

between the abutment and implant, automatically
inducing settlement in the axial direction [71]. The
Morse taper connection virtually eliminated the
abutment loss or fracture [72]. Biomechanical com-
plications such as abutment screw loss or prosthetic
component fractures occur with lower frequency in
tapered connections, reducing the micromotion of the
implant–abutment system [1]. Some authors have
reported that the Morse taper system is a more stable
system than the external hexagon [56,73,74]. Norton
[73,74] reported that a tapered interface between an
implant and abutment significantly improves the abil-
ity to resist bending moments. Compared to that of
the external hexagon, tapered abutment improves the
stress distribution in the peri-implant bone, reduces
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the bending effects and allows a better settlement with
a locking and friction system [73,74], favoring its
stability [56]. Morse taper implants present greater
stability and less rotation because of the wide con-
nection area as well as an increased resistance to
lateral loads through the lateral wall of the abutment,
which facilitates and promotes better stress distribu-
tion and sealing, avoiding micro-gaps [59].
Biomechanically, the internal region of the Morse

taper system performs as a single body [75], with less
internal micro-motion [1,69], acting as a stiffer body
and concentrating more stress in the fulcrum point
between the abutment and the implant [6].
The Morse taper abutment, located frequently at

the marginal bone level, appears to decrease substan-
tially the peak stress, improving the stress distribution
in the surrounding bone. This effect could be
explained by this system having a tapered interface,
allowing shear stress to be located more apically,
reducing stress and marginal bone resorption [76].
An increase in the depth of the abutment–implant
connection promotes better stress distribution in the
bone, primarily by increasing the contact area
[33,40,41]. The taper degree of abutment does not
affect the stress generated in the bone when subjected
to vertical or oblique loads [40].
The tapered abutment–implant interface provides a

decrease in the peak shear stress at the bone–implant
interface compared to other connections [56,77]. The
Morse taper system has better compliance with the
Saint-Venant physical principle, which states that the
local effects produced by any load acting on a body
dissipates better in those regions that are more distant
from the location of the load [78]. For 8 years,
Doring et al. [79] clinically studied the complications
associated with prosthetic components in Morse taper
connection implants and found no mechanical com-
plications such as screw loss or fractures.
Concerning the biomechanics over the surrounding

bone, some authors [6,17,37,71] have observed that
the Morse taper system had the lowest stress concen-
tration, compared with the external or internal hexa-
gon implant types, in conjunction with greater
abutment stability and lower concentration stress
over the internal hexagon system [6]. Other authors
revealed in photo elastic studies with multiple con-
ventional fixed prostheses that Morse taper implants
showed higher stress values than external hexagon
connections [80,81]. Streckbein et al. [82] reported
that there is not a statistically significant difference in
the stress distribution over the surrounding bone
between the external hexagon, internal hexagon and
Morse taper connections.
The implant connection is one of the factors that

might influence the biomechanical behavior of pros-
theses over implants and the importance of the
implant length and diameter are also frequently cited
as important factors.

Implant length

Many implant models are available for specific clinical
applications, with varying lengths and diameters.
These designs are predominantly standard, long,
short, wide or narrow types of implants [2]. Depend-
ing on the manufacturer, these implants are available
in different shapes and configurations, with various
thread depths [35].
The implant length appears to be a critical issue,

with two contrary positions in the literature. Some
authors [83,84] have claimed that one factor related to
implant failure is the length, with the risk of failure
being higher when the implant is smaller; other
researchers [2,8,12,52,85,86] have stated that short
implants produce higher stress and strain over the
bone because of the smaller contact area at the
implant–bone interface in combination with a less
homogenous stress distribution [35]. Rubo and
Capello Souza [87] showed that the stress decreased
~14% when the implant length increased from 10 mm
to 13 mm. Tada et al. [85] recommended the use of
long implants in patients with low bone density. Petrie
and Williams [88] reported that an increase in the
implant length might facilitate a decrease in bone
deformation and maximum stress compared with
short implants [86].
According to Petrie and Williams [88], a 1.65-fold

increase in length reduces the stress on the bone ridge
in narrow and tapered implants; however, if the
increase in length exceeds 60% of the height of the
cancellous available bone, the reduction is not signif-
icant. Many authors [13,89,90] declared that, under
axial loads, stress variation is not significant between
different lengths.
Pierrisnard et al. [90], in a finite element analysis,

found that the shear stress during oblique loads in
implants is concentrated on the first 7 mm and
observed no differences related to the implant length.
Renouard and Nisand [91] stated that failures could
not be attributed only to the implant length. It appears
that, whatever the implant length is in the cancellous
bone, stress is always located at the implant neck level
and has a slight influence on the peri-implant bone
stress values [90]. According to Geng et al. [92], if the
bone is of good quality (bone type I), the implant
length does not influence the treatment success
because the degree of inequality in the stress distri-
bution over the interface depends on the difference in
the elastic modulus of both structures; with better
bone quality, there is less difference in the stiffness of
these two structures.
For immediate implant cases, the literature reports

contradictory statements about the influence of
implant length on bone biomechanics based in finite
element analyses. In a clinical follow-up study of
Schnitman et al. [93], the authors conclude that
50% failures of immediate loaded external hexagon
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implants during 10 years were related with utilization
of implants shorter than 10 mm. Miyamoto et al.
[94] stated that length is a weak factor to primary
stability in immediate implants cases, however longer
implants, with more than 10 mm may result in a
considerable strain reduction [95]. Kong et al. [50]
concluded that greater implant length can reduce the
cortical and cancellous bone stress and the implant
displacement during axial loads in immediate implant
cases.
In the literature, from a biomechanical point of

view, there is no consensus that greater length is
synonymous with better clinical performance [96].

Implant diameter

The appropriate selection of the implant diameter is
generally based on the amount of available bone [97].
When the cortical bone thickness is not sufficient,
the implant diameter might influence the success of
treatment. When the height is limited, the use of
larger implants might increase the bone–implant
interface [25].
In some cases, surgeons try to use narrow implants,

which are advantageous in treating bone defects and
avoiding anatomical risk areas [1]. In the use of narrow
diameter implants, the similarity of the survival rates to
those of regular implants does not extend to the
mechanical behavior [98,99]. Biomechanically, the
implant diameter appears to influence the stress con-
centration at the implant as well as at the surrounding
bone and, hence, affects the success rate [8,100]. An
increase of the implant diameter, comparing the same
load, produces a decrease in stress in the implant and
the peri-implant bone [17,25,30,53,101,102]. Lower
stress values in the bone and the implant have been
observed in implants with larger diameter, which is
justified as a better distribution by the largest contact
area between the implant and peri-implant bone
[12,25,40]. According to Oliveira [11], when the
implant diameter increases by 0.25 mm, the contact
surface is augmented by ~10%.
An increase in the implant diameter produces sig-

nificant stress reduction, particularly in the cortical
bone [25], whereas the length of the implant has a
certain influence on the stress patterns in the trabec-
ular bone implant interface [17,33]. Iplikcioglu and
Akça [89] demonstrated that the implant length does
not influence stress reduction over the peri-implant
bone, in contrast to the implant diameter.
Petrie and Williams [88] concluded that the

increase of the implant diameter decreases the stress
in the alveolar crest 3.5-times, with a better effect for
short and tapered implants because the diameter
predominates over the length and taper. Kong et al.
[103] reported that the narrowing of the implant neck
also induces a more favorable stress distribution in
the bone.

Kong et al. [50] reported that greater diameter can
also reduce the cortical bone stress and implant dis-
placement under lateral loads in immediate implant
cases. In addition, the same researchers [50]
concluded in a finite element analysis that the best
combination is implants with a diameter higher than
4 mm and larger than 11 mm to achieve optimal
biomechanics properties for immediate load cases.
Other authors agree that implant diameter may
reduce the bone strain and stress in immediate loaded
implants [104,105], but it may not influence the
implant micro-motion [105].
The diameter of the implant could be considered

the most effective factor when compared with the
length [102,106,107]. It has been suggested that
increasing the implant diameter appears to compen-
sate for the implant length [104,106].

Conclusions

In planning dental treatment with implants, the laws
of biomechanics must be considered to prevent over-
load risks on the surrounding bone. Despite different
implant connections, the diameter and length appear
to influence peri-implant bone stress and strain; these
characteristics should remain between the physiolog-
ical limits to avoid a pathological overload, bone
resorption and risk to the long-term success of
implant–prosthetic treatment.
Overload is also a factor to be considered when

planning implant prostheses. Despite the fact that the
values of strength and load produced by human
occlusion and mastication rarely surpass the numbers
considered scientifically dangerous, care and good
judgment must be used in order to submit implants
and prosthetic junctions to normal moderate long-
term forces.
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