
The International Journal of Oral & Maxillofacial Implants e41

The use of dental implants in patients requiring tooth 
replacement has become a routine occurrence in 

dental offices due to the high success rates described 
in the literature. Initially, their application was limited to 
regions with appropriate volume and density. Over the 
years, however, their implementation has expanded 
to more challenging treatment areas such as posterior 
regions, both mandibles and maxillae, sites present-
ing with limited bone availability, in close proximity to 
noble structures, and with exposure to greater mastica-
tory forces.1,2

The posterior maxilla region is a challenging area 
to conduct implant-supported rehabilitation because 
it is an area of lower bone density, often reabsorbed 
and with close contact with the maxillary sinus. The 

sinus elevation procedure is an effective and well- 
documented technique for the rehabilitation of this re-
gion.3 However, it requires a greater number of inter-
ventions and, additionally, there remain inherent risks 
associated with the procedure.4 As a conservative alter-
native, the deployment of reduced-length implants is 
increasingly being performed in posterior areas,5,6 es-
pecially in patients with less bone volume but who are 
still viable candidates to receive a shorter implant.

The definition of a short implant is still unclear. The 
most frequently found description in the literature is 
one that measures equal to or less than 6 mm long.7,8 
Pioneer studies of these implants resulted in higher fail-
ure rates compared with using conventional lengths, 
especially on machined surfaces.6,9,10 With techno-
logic development, improved implant geometry and 
surface treatments facilitated better osseointegration 
results,11,12 offering professionals and patients alike al-
ternatives to consider in challenging clinical situations 
so as to avoid grafting procedures and surgical intercur-
rences.13 More recent studies comparing conventional- 
length implants (placed at a grafted area with the si-
nus elevation technique) and short ones suggest 
similar outcomes are achieved with both,7 while other 
research indicates even more predictable outcomes are 
seen with the short implants because of the lower num-
ber of complications.14

A 4-mm-long implant was recently launched by the 
company Straumann (Institut Straumann), indicated for 
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splinted prosthetic crowns, prostheses in association 
with a conventional-length implant, and fully edentu-
lous arch cases. The manufacturer does not indicate 
these implants to support single crowns; however, are 
these implants really incapable of receiving this kind 
of prosthesis? What would be the outcomes of their 
use in this context? The continued study of these new 
implants is justified to better understand their biome-
chanical behaviors because their use is expected to in-
evitably result in longer crowns with an altered implant/
crown ratio. This scenario may result in higher stress 
and, consequently, other complications, such as bone 
loss, implant fracture, or prosthetic screw loosening.15

The finite element analysis is an engineering tool 
used to study stress dissipation on a solid body. The 
method has been widely used in the dental literature 
to mathematically simulate clinical situations and for 
studying materials under consideration for prosthetic 
rehabilitation purposes in conjunction with dental 
implants.16–18

The aim of this study was to evaluate, using a finite 
element analysis approach, the stress dissipation on 
extra-short implants measuring 4 mm and convention-
al-height implants measuring 10 mm, generated by 
screw-retained metal-ceramic single crowns of differ-
ent heights (10, 12.5, and 15 mm) under a 200-N axial 
load and 100-N oblique load in the maxillary posterior 
region; and furthermore, to evaluate the viability of the 
extra-short 4-mm implant under these conditions in 
comparison with the conventional 10-mm implant.

MATERIALS AND METHODS

Obtaining the Geometric Models
A three-dimensional maxilla model was constructed 
from a tomography scan of a volunteer available for ac-
ademic research.19 The reconstruction steps of the to-
mography system used in the study have already been 
described elsewhere in the literature.19,20 The available 
model consisted of a fully toothed and a fully eden-
tulous maxilla. The required geometric modifications 
were performed using the SolidWorks 2016 computer-
aided design software (Dassault Systèmes). To facili-
tate processing and reduce computational weight, the 
model was edited using the edentulous arch, together 
with the tooth model of the maxillary left second molar 
to obtain the external geometry of the future implant 
prosthesis. In order to simulate a condition of bone at-
rophy that justifies the extra-short implant placement, a 
second model was created through posterior unilateral 
bone wear, maintaining approximately 4 mm of bone 
between the top of the crest and the maxillary sinus. In 
the second model, a small flattening of the sinus floor 
was performed in the peri-implant region to maintain 

the same thickness of the bone around the implant. 
The cortical thickness was modified to 1 mm so that the 
4-mm implant did not lie only in cortical bone.

The geometric models of implants and components 
were constructed in the SolidWorks software using in-
formation obtained from reverse engineering with a 
digital caliper (Litz Professional), and a digital micro-
scope (5 megapixels - B008, Shenzhen Supereyes). This 
modeling process involved an extra-short implant of 
4.1 × 4 mm (033.043S) and a conventional-height im-
plant of 4.1 × 10 mm (033.562S), titanium synOcta for 
screw-retained crown (048.601), prosthetic screw of 
the synOcta abutment (048.350), and a screwed metal-
ceramic crown with a resin layer of 1 mm thick located 
over the screw opening.

Two structures were created on the enamel to sim-
ulate the occlusal third antagonist. For the axial load, 
three contact points of 1 mm in diameter were present-
ed, including one on the buccal cusp and two on the 
palatine cusp (Fig 1a). For the oblique load, the struc-
ture was positioned in the palatal aspect of the buccal 
cusps (Fig 1b).

The implants were placed at the position of the first 
maxillary molar by varying both the length of the im-
plants and the height of the prosthetic crowns. The 
height reference was the distance between the base 
of the implant platform and the tip of the mesiobuc-
cal cusp. Two implant lengths (4 and 10 mm) and three 
crown heights (10, 12.5, and 15 mm) were used as 
shown in Figs 1c and 1d.

Simulation
All models were exported from the Solidworks software 
to the ANSYS Workbench V17.2 finite element simula-
tion software (ANSYS) through ANSYS’ import supple-
ment. The meshes were generated with tetrahedral 
quadratic elements of 10 knots (solid 187), which facili-
tated the copying of the irregular geometry present in 
the analyzed models, following completion of a refine-
ment process of the mesh, with a variation in refine-
ment results of 5% or less (Figs 1e and 1f ). The number 
of nodes/elements ranged from 877,918/524,537 to 
1,142,050/690,413. Nonlinear contacts of the frictional 
type were simulated with a coefficient of friction val-
ue of 0.221 to simulate the contact between two tita-
nium surfaces and between a titanium surface and the 
crown’s metallic infrastructure, respectively. All other 
contacts were simulated as contacts that did not al-
low for slippage or the formation of gaps, except for 
the contact between the structures modeled to simu-
late the occlusal third of the antagonist and the pros-
thetic crown. The implant was considered as totally 
osseointegrated.

The models were simulated in two steps. The first 
step involved the pretensioning of the screws. A 300-N 
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pretorque was used in the abutment, representing a 
peak value of 75% of the titanium proportionality limit, 
per the von Mises equivalent stress criterion, with a tol-
erance interval of 1%.22 The second step incorporated 
the application of masticatory loads, simulated with 
200 N of intensity for the axial load, with a vector par-
allel to the long axis, and 100 N for the oblique load, 
with a vector in the palatinovestibular sense with a 
45-degree angle, per methodology already described 
in the literature.23,24 The contact points between the 
structures and the crowns were configured as “friction-
less,” allowing for slippage and the formation of gaps.

To correctly represent the mechanical behavior of 
each component, the different elements of the mod-
els were configured with their own respective moduli 
of elasticity and Poisson’s coefficients as found in the 
literature (Table 1). All structures were considered iso-
tropic, homogenous, and linearly elastic.

Stress Analysis
The results of the simulation were recorded, evaluated, 
and compared graphically and numerically for both 
qualitative and quantitative analyses in order to obtain 
a better understanding of the analyzed situation. In the 
present study, the different materials were analyzed us-
ing different criteria because of the inherent character-
istics of each material. The Mohr-Coulomb criterion was 
used for the cortical and cancellous bone to quantify, 

by structural level, the risk of injury. This choice was 
made because the Mohr-Coulomb criterion considers 
the different impact of tensile and compressive stresses 
on a friable material such as bone.25,26 Separately, the 
Rankine criterion, or maximum normal stress, was ap-
plied to the implants due to the hardening process of 
the titanium-zirconium alloy27,28 that was applied to 
the metallic infrastructure and porcelain. The von Mises 
criterion, or equivalent tension, was used for the analy-
sis of abutments and crown screws due to the ductile 
characteristics of the titanium alloy.

RESULTS

Peri-implant Bone
The peri-implant bone was analyzed with the Mohr-
Coulomb criterion, which represented a relation be-
tween the resistance and the tension. The M1 implant 
was adopted as a control for the comparisons. Qualita-
tively, it was observed that, under the axial load, there 
was a concentration of stress in the cortical bone region 
with a higher intensity observable in the mesial portion 
in all models (Fig 2a). Under the oblique load, there was 
a concentration in the superficial cavus region but with 
a higher intensity specifically in the palatine portion in 
all models (Fig 2b). Quantitatively (Table 2), the crown 
height variation resulted in a small difference compared 

Fig 1  (a) Structure created for axial force application. (b) Struc-
ture created for oblique force application. (c) Geometric models 
created for the simulation: M1 (10-mm implant and 10-mm crown), 
M2 (10-mm implant and 12.5-mm crown), M3 (10-mm implant and 
15-mm crown). (d) Geometric models created for the simulation: M4 
(4-mm implant and 10-mm crown), M5 (4-mm implant and 12.5-mm 
crown), M6 (4-mm implant and 15-mm crown). (e) External view of the 
created meshes on a 4-mm implant with a 15-mm crown. (f) Internal 
view of the created meshes on a 10-mm implant with a 10-mm crown 
inserted into the bone.

Table 1   Mechanical Properties of Materials

Material
Young’s 

modulus (GPa)
Poisson 

coefficient

Feldspathic porcelain41 69 0.3

Enamel42 84.1 0.33

Cortical bone39 13.7 0.3

Cancellous bone39 1.37 0.28

Chrome cobalt alloy43 218 0.33

Composite resin  
(Filtek Z250, 3M ESPE)44 

7.6 0.24

Ti-6Al-7Nb Alloy (AZoM 2003)45 105 0.36

Roxolid (Institut Straumann)29 124.8 0.342
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with the control under the axial load of between 0% 
and 5%; however, the decrease in implant length led to 
significantly higher stress. Under the oblique load, an 
increase in the crown height resulted in an expressive 
rise of the stress peak. When comparing the extra-short 
implants (M4, M5, and M6) with the conventional im-
plants (M1, M2, and M3), the short implants presented 
higher concentrations of stress under the oblique load. 
However, the conventional implants showed differ-
ences of 18% (M2) and 34% (M3) in comparison with 
the control (M1), while considering M4 as the control 

for the extra-short implants, M5 and M6 showed differ-
ences of 19% and 39%, respectively, revealing that the 
impact of crown heightening was similar for both short 
and long implants under the oblique load.

Implants
The implants were analyzed with the Rankine criterion, 
or maximum normal tension. Table 3 shows the results 
of the implants in relation to the tensile strength of the 
titanium-zirconium alloy of 953 MPa.29 In qualitative 
analysis, the stress peak in conjunction with the axial 

Fig 3  Qualitative analysis of stresses in the implant under load (a) Axial 
load. (b) Oblique load.

Fig 2  Qualitative analysis of peri-implant bone stress under 
load. (a) Axial load. (b) Oblique load. *The values on the scale 
are ratios between stress and resistance.

Table 2   Peak Value Results in the Peri-implant 
Bone According to the Mohr Coulomb 
Criterion and Its Percentage in  
Relation to the Control 
(model M1 = 100%)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 0.401/100 1.248/100
Model M2 (10/12.5 mm) 0.389/97 1.481/118
Model M3 (10/15 mm) 0.383/95 1.709/134
Model M4 (4/10 mm) 0.636/158 1.539/123
Model M5 (4/12.5 mm) 0.64/159 1.841/147
Model M6 (4/15 mm) 0.637/159 2.14/171

Table 3   Peak Value Results in the Implants 
According to the Rankine Criterion  
(in MPa) and Their Percentage in Relation 
to the Tensile Strength of the TiZr Alloy 
(953 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 291.2/30 564.4/59
Model M2 (10/12.5 mm) 289.6/30 643.4/67
Model M3 (10/15 mm) 290.3/30 722.6/76
Model M4 (4/10 mm) 279.8/29 469.2/49
Model M5 (4/12.5 mm) 279.7/29 517.1/54
Model M6 (4/15 mm) 280.2/29 608.5/64
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load occurred in the internal threads of the implant in a 
similar way when varying the crown height or implant 
length (Fig 3a). Quantitatively, the variation in results 
was very small under the axial load, representing a frac-
tion of approximately one-third of the tensile strength 
of the implant alloy. Under the oblique load, the M1 to 
M4 models showed stress peaks in the internal threads, 
while in the M5 and M6 models, the stress concentra-
tion occurred at the angle between the thread and the 
cylindrical wall of the implant (Fig 3b). Numerically, it 
was observed that the crown heightening resulted in 
higher stress peaks; on the other hand, the extra-short 
implants displayed lower stresses compared with the 
conventional implants.

Abutment—Outer Portion
The von Mises stresses evaluated in the external por-
tions of the abutments are shown in Table 4. For the 
axial load, no significant numerical variations were ob-
served and the stress peaks represented approximately 
13% of the alloy flow limit. Qualitatively, the stresses 
were concentrated in the upper portion of the abut-
ment (Fig 4a). Under the oblique load, the numerical 
results showed that crown heightening resulted in an 
increase of the stress peak but did not suggest that dif-
ferences existed between the conventional and extra-
short implants. Qualitatively, it was observed that the 
stress peaks were concentrated in the octagonal con-
nection (Fig 4b).

Abutment—Internal Portion
The internal portions of the abutments were also evalu-
ated by the von Mises criterion, and the stress peaks are 
shown in Table 5. Under the axial load, no numerical dif-
ferences were observed between the models; however, 
the stress peaks exceeded the flow limit of the alloy 
by approximately 25%. In the qualitative analysis, high 
stresses were restricted to small portions of the inter-
nal threads of the abutment (Fig 5a). For the oblique 
load condition, the numerical results also revealed that 
higher stresses were achieved with crown heightening; 
however, the implant length did not interfere with these 
values. Qualitatively, the stress peaks were also concen-
trated on the internal threads of the abutment (Fig 5b).

Crown Screw
The von Mises stresses evaluated on the crown screws 
are shown in Table 6. Under the axial load, the quantita-
tive results were very similar regardless of crown height 
or implant length and the stress peaks were located 
on the first threads of the screw (Fig 6a). In the oblique 
load, a slight increase in the stress peak was observed 
with crown heightening; however, the length of the im-
plant did not lead to significant numerical differences. 

Fig 4  Qualitative analysis of the stresses in the outer portion of the 
abutment under load. (a) Axial load. (b) Oblique load.

Table 4   Peak Value Results in the Outer Portion 
of the Abutment According to the 
von Mises Criterion (in MPa) and its 
Percentage in Relation to the Flow Limit 
of the Ti-6Al-7Nb Alloy (900 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 125.5/14 324.7/36
Model M2 (10/12.5 mm) 122.3/13 417.8/46
Model M3 (10/15 mm) 121.3/13 479.3/53
Model M4 (4/10 mm) 125.1/14 327.8/36
Model M5 (4/12.5 mm) 123.8/14 422.1/47
Model M6 (4/15 mm) 122.8/13 468.8/52
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Qualitatively, these stresses were located on the first 
and on the last screw threads (Fig 6b).

Metal Infrastructure
The maximum normal stresses of the metal infrastruc-
ture are shown in Table 7. In the axial load, the quantita-
tive analysis indicated that no influence on the metallic 
infrastructure was attributable to crown height or im-
plant length. The stress peaks were located at the angle 

formed between the opening access to the screw and 
the screw support surface (Fig 7a). Under the oblique 
load, there was a small increase noted in the values   of 
the stress peak related to crown heightening; however, 
no influence brought on by the implant length was ob-
served. Qualitatively, the stress peaks occurred in the 
palatine region of the internal octagon and also on the 
angle formed between the opening access to the screw 
and the screw support surface (Fig 7b).

Fig 5 (left)  Qualitative analysis of the stresses in the internal portion 
of the abutment under load. (a) Axial load. (b) Oblique load.

Fig 6 (below)  Qualitative analysis of the stresses on the crown screw 
under load. (a) Axial load. (b) Oblique load.

Table 5   Peak Value Results in the Internal 
Portion of the Abutment According to 
the von Mises Criterion (in MPa) and Its 
Percentage in Relation to the Flow Limit 
of the Ti-6Al-7Nb Alloy (900 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 1,130/125 1,407/156
Model M2 (10/12.5 mm) 1,132/126 1,582/176
Model M3 (10/15 mm) 1,128/125 1,764/196
Model M4 (4/10 mm) 1,133/126 1,421/158
Model M5 (4/12.5 mm) 1,130/125 1,587/176
Model M6 (4/15 mm) 1,127/125 1,771/197

Table 6   Peak Value Results of the Crown Screw 
Results According to the von Mises 
Criterion (in MPa) and Its Percentage 
in Relation to the Flow Limit of the 
Ti-6Al-7Nb Alloy (900 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 630.3/70 613.3/68
Model M2 (10/12.5 mm) 630.3/70 626.5/69
Model M3 (10/15 mm) 630.1/70 659.1/73
Model M4 (4/10 mm) 626.9/69 613.2/68
Model M5 (4/12.5 mm) 626.2/69 625.7/69
Model M6 (4/15 mm) 626.3/69 658.6/73
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Porcelain
The maximum normal stress peaks evaluated in the 
porcelain are shown in Table 8. Quantitatively, under 
the axial load, it was observed that crown heightening 
facilitated a reduction in the stress peaks on the porce-
lain, while the shorter implants also received discretely 
smaller peaks. These stress peaks were located at the 
contact points, whereas in the rest of the porcelain, 
minimum stress concentrations were observed (Fig 8a). 
Under the oblique load, the numerical analysis showed 
a slight increase in the stress peaks related to crown 
heightening, while the implant length did not have any 
influence. Visually, these tensile stresses were located in 
the inner portion of the porcelain in all models (Fig 8b).

DISCUSSION

Short implants are increasingly being used as an alter-
native in the rehabilitation of the maxillary posterior re-
gion. Recent studies have shown that the use of 6-mm 
short implants yields a similar outcome to that of long 
implants placed in a maxillary sinus–elevated region.7,8 
However, the available literature still does not include 
studies that have evaluated the behavior of 4-mm im-
plants used in isolation without splinting with another 
conventional-length implant. Considering this limita-
tion, it was chosen to establish experimental conditions 
involving both 4- and 10-mm-long implants with the 
intention to consider the results of the former in terms 
of application in clinical practice; after all, the conven-
tional 10-mm implant already enjoys clinical success as 
supported by the literature.

The present study evaluated the influences that the 
crown height, the implant length, and the incidence of 
axial and oblique forces had on all components of a sin-
gle screw–retained, implant-supported prosthetic crown 
placed on the maxillary posterior area. Among all of the 
evaluated elements, those who suffered greater impacts 
of the studied variables were the peri-implant bone and 
the internal portion of the octagonal abutment.

According to Lekholm and Zarb, as already de-
scribed in the literature, the bone can be divided into 
four categories ranging from type I (cortical) to type IV 
(cancellous). The maxillary posterior region shows pre-
dominantly type IV bone, which displays a lower bone 
density because it has a higher percentage of cancel-
lous bone. It is known that mechanical stimuli can lead 
to bone remodeling processes30,31; however, there is no 
consensus as to the exact mechanisms that regulate 
this process. Considering the effects of bone damage 
on the bone remodeling process,26 the Mohr-Coulomb 
criterion was used to quantify, at a structural level, the 
damage risk, and this approach was chosen for consid-
ering the impact of tensile and compressive stresses on 

a friable material such as the bone.25 There is currently 
no defined limit to bone failure, so the idea that higher 
stress leads to a higher risk of bone loss persists. The re-
sults of the present paper show that the stress transmit-
ted to the bone under the axial load was not influenced 
by the prosthetic crown height but instead only by the 
decrease of implant length. On the other hand, under 
the oblique load, both of these variables resulted in the 
application of greater stress to the bone. These findings 

Fig 7  Qualitative analysis of stresses in the metallic infrastructure 
under load. (a) Axial load. (b) Oblique load. 

Table 7   Peak Value Results in the Metallic 
Infrastructure According to the Rankine 
Criterion (in MPa) and Its Percentage in 
Relation to the Tensile Strength of the 
Cobalt-Chromium Alloy (710 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 174.6/24 208.4/29
Model M2 (10/12.5 mm) 176.6/25 249.9/35
Model M3 (10/15 mm) 181.6/25 265.5/37
Model M4 (4/10 mm) 173.9/24 210.4/29
Model M5 (4/12.5 mm) 177.5/25 252.8/35
Model M6 (4/15 mm) 181.7/25 261.7/37
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are in agreement with those of Chang et al,32 Ramos 
Verri et al,24 Cinar and Imirzalioglu,33 and Yazicioglu et 
al.34 The most likely explanation for this behavior is that 
the axial load favors the stress distribution to the apical 
region, while the oblique load accumulates the stress 
on the cortical bone due to its mechanical properties 
and the resultant lever effect. Considering the other 
components, the stress distribution was influenced ba-
sically by crown heightening under the oblique load. 
This condition resulted in higher stress both at the im-
plant and the abutment, achieving an increase of up 
to 40% of the stress peak when increasing the crown 
height from 10 mm to 15 mm (internal portion of the 
abutment at M1 and M3 under the oblique load). Lon-
ger crowns, even on conventional 10-mm implants, 
should be used with caution when receiving oblique 
loads because this can increase the risk of failure due 
to the existence of a stronger extra-alveolar lever. This 
observation corroborates with those of previous stud-
ies in the literature.15,24,35,36 In contrast, in this study, 
the decrease in implant length did not alter the stress 
distribution on the other studied components besides 
the bone, agreeing with the results of Schneider et al,37 
who concluded that the crown/implant ratio did not in-
fluence the clinical performance of single crowns sup-
ported by implants in the posterior region.

Among the analyzed structures, the internal portion 
of the abutment would probably be the first to present 
problems because it receives an amount of stress that 
is beyond its flow limit. These stress peaks are restrict-
ed to very small areas but still suggest that a reduced 
lifetime may present due to the increased fracture risk. 
Although more studies on the subject are needed, a 
possible clinical advantage of this condition is that the 
location of the probable fracture would make it easy 
to replace the abutment, since the abutment socket 
would remain intact after the fracture.

The simulated loads in this study of 200 N (axial) and 
100 N (oblique) were chosen to represent a habitual clini-
cal condition as already adopted in other studies.23,24 A 
study from van der Bilt et al38 determined, using electro-
myography, that the maximum unilateral force in humans 
can reach 430 N. Additionally, Cinar et al33 suggested 
that patients with parafunctional habits may achieve 
oblique loads of 300 N and that these loads would be 
catastrophic for the success of the rehabilitation.

When considering all of the simulated results, it was 
observed that the extra-short 4-mm implant presented 
a similar level of performance to that of the conven-
tional 10-mm implant when submitted to the axial 
load. However, the oblique load proved to be highly 
detrimental to both the extra-short 4-mm and the 
conventional 10-mm implant, resulting in stress peaks 
that were two or even three times higher than the axial 
load. These findings were true especially in the case of 

Table 8   Peak Value of the Porcelain Results 
According to the Rankine Criterion and 
Its Percentage in Relation to the Tensile 
Strength of the Feldspathic Porcelain 
(69.74 MPa)

Axial load (%) Oblique load (%)

Model M1 (10/10 mm) 126/180 17.4/25
Model M2 (10/12.5 mm) 103.2/148 19.3/27
Model M3 (10/15 mm) 95.7/137 21.7/31
Model M4 (4/10 mm) 120.4/172 17.4/25
Model M5 (4/12.5 mm) 99.8/143 19.2/27
Model M6 (4/15 mm) 91.6/131 21.6/31

Fig 8  Qualitative analysis of stresses in porcelain under load. 
(a) Axial load. (b) Oblique load.
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4-mm implants with higher crowns. The use of extra-
short implants in the simulated conditions should be 
restricted to the rehabilitations in which the oblique 
loads are minimized. This can be achieved by adopting 
the mutual protection concept and with application on 
an acrylic occlusal device for better stress distribution 
as shown by Borges Radaelli et al.39

The finite element method is a methodology widely 
applied to evaluate new techniques as a fully digital 
and, consequently, noninvasive research approach. 
However, its results should be interpreted with caution 
because the simulated conditions present differences 
when compared with the actual clinical reality.40 The 
authors are aware that the simulated conditions are 
utopian, but they were applied both to the extra-short 
implants and the conventional implants. The aim of this 
study was not to demonstrate how much stress the 
extra-short 4-mm implant is capable of withstanding 
but rather to compare its results to those of the con-
ventional 10-mm implant. The evolution of osseointe-
gration, micro- and macrogeometry, surface treatment, 
advantages and disadvantages, and inherent risks of 
the conventional 10-mm implant are similar to those of 
the extra-short 4-mm implant, suggesting that the use 
of the 4-mm implant may be considered.

Within this scenario, it is clear that further studies 
should be conducted since, with all the scientific evolu-
tion that osseointegrated implants have provoked, rules 
that were true in the past may cease to be so. For example, 
the 6-mm short implant for a long time was correlated 
with a higher failure ratio, but this relationship is not true 
anymore due to all the evolutions of the material.6,9,10,12

CONCLUSIONS

Regarding the results of the simulation conducted with 
the finite element of this study, it can be concluded that 
the reduction of the implant length to 4 mm results in 
a higher stress concentration on the peri-implant bone 
and that oblique loads are more detrimental than axial 
loads in both extra-short 4-mm implants and conven-
tional 10-mm implants. Lastly, within the limitations 
of this study, it can be concluded that the use of extra-
short 4-mm implants to support screw-retrained single 
crowns in the posterior maxilla region may be viable 
since the oblique load could be minimized by adopt-
ing the mutual protection pattern or even using acrylic 
occlusal devices where necessary. Further studies are 
required to test the clinical performance of extra-short 
implants in this indication.
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