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ABSTRACT

Aim The purpose of the present study was to determine 
whether it is useful to support a fixed full-arch prosthesis 
supported by interforaminal implants, with extra-short 
implants (4 mm) in the posterior region in order to eliminate 
the cantilever extensions, in posterior atrophic mandible cases. 
Methods Six different models including three or four 
interforaminal implants with or without support of posterior 
extra-short implants were formed. Straumann tissue-level 
implants (4.1x12mm and 4.1x4mm) were modeled for this 
study. Spherical loadings from canine and molar regions 
were applied to evaluate tension, compression, and von Mises 
stresses by implementing finite element analysis. 
Results In most conditions, four interforaminal implant 
supports provide balanced stress distributions, on the other 
hand, only three interforaminal implants were found to be 
insufficient biomechanically. The support of interforaminal 
implants with extra-short implants in the posterior region did 
not show the expected contribution, especially against the 
forces in the canine region. Also, the placement of four posterior 
extra-short implants does not make significant difference 
compared to the placement of two extra-short implants.
Conclusions  Implant-supported fixed prosthetic 
rehabilitation with cantilever extension of an edentulous 
mandible supported by four implants in the interforaminal 
region reached the best biomechanical results of the present 
study.
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InTRODUCTIOn

The implant-supported rehabilitation of the atrophic 
posterior mandible is always challenging for the 
clinicians. Various surgical procedures, including 
guided bone regeneration, block grafting, and nerve 
transposition, have been proposed to compensate 
for bone volume. However, these surgical procedures 
have several disadvantages (1-3). On the other 
hand, less invasive options have been developed, 
including short implants and implant placement 
in the interforaminal region. Both methods aim to 
avoid more complex, invasive, and time-consuming 
procedures. One treatment option is to use the bone 
in the interforaminal region, which is less affected by 
resorption (4-8). Traditionally, up to six implants in 
the interforaminal region have been used to support 
a total fixed prosthesis with posterior cantilevers 
(7). Several researchers challenged this concept by 
gradually reducing the number of implants placed in 
the interforaminal region (9, 10). 
The improvements in material durability and dental 
implant designs have enabled the use of shorter 
implants when there is a limited bone height in the 
posterior mandible. In the literature, implants of 7 
to 9 mm were defined as short (11, 12) and implants 
shorter than 7 mm were defined as extra short (13-
16). Nowadays, it is a predictable option to restore an 
atrophic posterior mandible with 4 mm extra short 
implants (14, 17, 18).
This study aimed to compare the stress distribution 
around the bone and implants caused by fixed full-arch 
mandibular prosthesis supported by interforaminal 
implants with or without posterior extra short implants 
using finite element analysis. This study hypothesizes 
that eliminating cantilever extension with extra short 
implants results in more balanced stress distribution. 
Besides, to the best of our knowledge, in the literature, 
a limited number of studies exist on 4 mm extra short 
implants, and these implants were not simulated before 
using a finite element analysis.
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MATERIALS AnD METHODS

Implant and prosthesis material properties
Straumann standart plus tissue level (Roxolid®, Institute 
Straumann AG, Basel, Switzerland) implants with a 1.8 
mm machined surface neck were modeled for the study. 
Regular implants (4.1x12mm) and extra short implants 
(4.1x4mm) were used in the interforaminal region and 
the posterior region, respectively. The implants were 
made of titanium-zirconium (Ti-Zr) alloy (Roxolid®).
The prosthesis was designed as a titanium framework 
with cantilevers and a superstructure with a wrap-
around acrylic denture base and 12 feldspathic porcelain 
teeth. Implants and prosthesis are connected through 
screws via multiunit abutments of the respective 
company.

Models
Six different models including three or four 
interforaminal implants, with or without support of 

posterior extra short implants were formed and were 
labeled according to the configuration and numbers of 
implants (A, Anterior; P, Posterior) (Fig. 1). 
- Model 3A: Three interforaminal implants.
- Model 4A: Four interforaminal implants.
- Model 3A2P: Three interforaminal implants and two 

extra short implants.
- Model 3A4P: Three interforaminal implants and four 

extra short implants.
- Model 4A2P: Four interforaminal implants and two 

extra short implants.
- Model 4A4P: Four interforaminal implants and four 

extra short implants. 
In the 4-implant models, the anterior implants were 
placed in the lateral tooth region, and the posterior 
implants were placed in the 1st premolar region in 
the interforaminal region. In 3-implant models, two 
of the interforaminal implants were positioned in the 
1st premolar region and one in the midline. Extra short 
implants were placed in the 1st molar region in 2 extra 

FIg. 1 The models of the present study.
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short implant-supported models, and the 2nd premolar 
and 1st molar in 4 extra short implant-supported 
models.

Modeling
The present study was performed after obtaining 
computed tomography images of a patient with vertical 
atrophy in the posterior region and adequate bone 
volume and height in the anterior region, which were 
converted in a Digital Imaging and Communications in 
Medicine (DICOM) format. Then, this data modified with 
the use of the VRMESH (VirtualGrid) and Rhinoceros 4.0 
(McNeel North America) software. Edentulous mandible 
for the models reconstructed as trabecular bone 
covered with a 2-mm cortical bone, bone width of 8 
mm along the entire alveolar crest, bone height of 6 mm 
between the mandibular canal and alveolar crest in the 
posterior, and 14 mm in the interforaminal region were 
defined. The distances of right and left mental foramina 
from midline were arranged as 25 mm with a total 50 
mm interforaminal distance. The distances of mental 
foramen from the lower and upper borders of the 
mandible were arranged as 8 and 5 mm, respectively. 
The diameter of the mental foramen was modeled as 3.5 
mm. Also, the mandible covered was with a 2-mm thick 
mucosa.
The implants and prosthetic superstructures were 
scanned using a three-dimensional (3D) scanner 
(Activity 880, Smart Optics Sensortechnik) within a 10 
-μm accuracy ratio, and imported to VRMESH software. 
All structures were modeled using Rhinoceros 4.0. 

Boundary and loading conditions
Boundary conditions of the study were modeled as fixed 
in all directions. Modeled structures were simulated as 
tightly bonded. It was assumed that load transfers are 
performed according to the internal characteristics 
of the cortical and trabecular bones. The connection 
between the implants and the supporting tissues is 
designed to directly transfer the loads between the 
multiunit abutments and implants and the multiunit 
abutments and the prosthetic material. Moreover, it was 
assumed that the implants are 100% osseointegrated. 
All materials used in this study are defined as 

homogeneous, isotropic, and linear elastic. The material 
characteristics of the prosthetic material, mucosa, 
cortical bone, trabecular bone, and implants were 
determined according to a similar study (19) (Table 1). 
The finite element models were exported to ALGOR 
FEMPRO software (Algor) for 3D static analysis. To 
simulate the chewing forces more naturally, an occlusal 
load of 100 N was applied from a spherical solid material 
(12 mm in diameter), which places the foodstuff to both 
anterior (canine) and posterior (first molar) regions (Fig. 
2).

Analysis
Principal stresses were evaluated for fragile structures 
such as bone. Maximum principal stress (Pmax) 
represents tension stress type, and minimum principal 
stress (Pmin) represents compression type stresses. 
Von Mises stresses were analyzed for evaluating stress 
formation in implants. All stresses were measured in 
megapascals (MPa). Because the data obtained from 
finite element analysis were mathematical calculations 
without variance, the results were not analyzed 
statistically and instead evaluated with scales. All stress 
values are shown using color and quantity scales. 
 

RESULTS

Maximum principal stress (Pmax)
Against the forces applied from the canine region, the 
highest Pmax on the cortical bone was observed in the 
3A2P model with 15.4 MPa. Minimally decreased Pmax 

FIg. 2 Spherical loading applied from the canine region (A). Spherical 
loading applied from the molar region (B).

young’s Modulus (MPa) Poisson ratio

cortical Bone 13700 0.3
Trabecular Bone 1370 0.3
Ti-Zr implant (roxolid) 100000 0.3
Titanium 117000 0.35
Acrylic material 3000 0.35
Feldspathic porcelain 82 800 0.35

TABle 1 Mechanical properties of the materials.
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levels were observed in 3A4P (14.1 MPa), 4A2P (14.4 
MPa), and 4A4P (13.5 MPa) models. The lowest Pmax 
was observed in the 3A model with 3.3 MPa. In the 
trabecular bone, the highest and lowest Pmax values 
occurred in the 4A2P model (4.7 MPa) and 4A model 
with 0.7 MPa, respectively. It is noteworthy that in 
the trabecular bone, the lowest Pmax was observed in 
models without posterior implant support (Fig. 3, 5).
Against the forces applied from the molar region on the 
cortical bone, the highest Pmax was observed in the 3A 
model (6.9 MPa), and the lowest Pmax was observed in 
the 4A model with 3.7 MPa. In the trabecular bone, the 
highest Pmax occurred in the 3A model with 5.5 MPa, 
and the lowest occurred in the 3A4P model with 0.4 
MPa (Fig. 4, 6).

Minimum principal stresses (Pmin)
When the stresses on the cortical bone against the 
forces applied from the canine region were evaluated, 
the highest Pmin was observed in the 3A4P model with 
−11,4 MPa, and the lowest Pmin was observed in the 
3A2P model with −6.6 MPa. The other model with 4 
posterior implants (4A4P) also created high Pmin (-10 
MPa), while the other models produced relatively low 
stresses close to each other. In the trabecular bone, the 
highest Pmin was observed in the 3A2P model with −3.2 
MPa, and the lowest was observed in the 4A model with 
−0.6 MPa. While the stress values were generally low, 
the models without posterior implant support (3A: -1.1 
MPa and 4A: - 0,6 MPa) had lower Pain values (Fig. 3, 5).
When the stresses in the cortical bone were observed 
against the forces applied in the molar region, the 
highest Pmin was observed in the 3A group with −22.1 
MPa, and the lowest was observed in the 4A2P model 
with −11.2 MPa. Also, 3A2P (-11,3 MPa) and 4A4P (-11,4 
MPa) models produced relatively low stresses close to 

4A2P. In the trabecular bone, the highest Pmin stress 
was −3.2 MPa in the 3A model, whereas the lowest Pmin 
stress occurred in the 4A2P model with -0.5 MPa  (Fig. 
4, 6).

Stresses on implants (von Mises)
When the stresses on the implants were evaluated as 
a result of the forces applied in the canine region, the 
lowest stress was observed in the 4A2P model with 18 
MPa, and the highest stress was observed in the 3A 
model with 47.4 MPa. Stress values in the implants as a 
result of the forces applied from the canine region are 
similar except the 3A model (Fig. 7).
Against the forces applied from the molar region, 
models not supported with extra short implants were 
subjected to extremely high stresses compared with 
models supported with posterior extra short implants. 
Although stress values in the 3A and 4A models were 
51.8 MPa and 49.8 MPa, respectively, stresses in the 
other models were less than half of these stresses and 
under 20 MPa. Even in the 3A4P and 4A2P models, 
stresses are less than 10 MPa. Unexpectedly in the 4A4P 
model, higher stresses (18.9 MPa) were observed than in 
the 4A2P model (9.8 MPa) (Fig. 7).

DISCUSSIOn

The hypothesis of this study could not be fully confirmed. 
According to the results of this study, prosthetic 
rehabilitation with cantilever extension supported by 
only four implants placed in the interforaminal region 
can be used safely in most cases, biomechanically. 
However, considering the high stresses on the implants 
against forces from the molar region, supporting 
interforaminal implants with two extra short implants 

FIg. 3 compression and tension stresses in cortical and trabecular bone 
against forces from the canine region.

FIg. 4 compression and tension stresses in cortical and trabecular bone 
against forces from the molar region.
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in the posterior could be a more risk-free approach, 
in cases where excessive forces may be imposed on 
prostheses. 
High-stress values were observed in most of the 
scenarios for the 3A model; however, these values 
returned to the study average with an additional 
interforaminal implant (4A model). When posterior 
extra short implant-supported models are compared, 
four extra short implants support, in general, causes 
less stress formation and distributes the stresses on the 
bones and implants in the posterior region in a more 
balanced manner than two- extra short implant support. 
Even so, in several scenarios, the stress formations 
between four extra short implant support and two 
extra short implant support was minimal. Therefore, it 
is often unnecessary to increase the number of extra 
short implants in the posterior region, considering that 
it will increase costs and be more invasive. Similarly, no 
significant difference was observed between the extra 
short implant-supported models supported by three 
or four implants in the interforaminal region in many 
conditions. Therefore, the placement of three or four 
implants in the interforaminal region does not cause 
significant differences as long as extra short implant 
support is provided in the posterior region.
Although the augmentation of the posterior atrophic 
mandible with various procedures or repositioning of 
the mandibular nerve that restricts the vertical height 
has been found successful in various studies, it has 
negative aspects in terms of both increased costs and 
requiring interventional procedures involving various 
risks and extending treatment time (1-3, 15, 20). 
Nowadays, patient expectations and treatment choices 
of clinicians are solving the problem in the shortest 
period and with conservative treatment methods. It has 
been suggested that short implants may be a suitable 
alternative for longer implants in cases requiring 
additional augmentation procedures (1, 2, 11-13, 15, 21, 
22). 
Owing to the developments in the macro and micro 
designs, the implants have been developed using 
narrower diameters and lesser lengths, and their 
strengths in these dimensions have improved over 
time. As a result of these developments, the acceptable 
length of short implants has decreased from 10 mm (11, 
12) to 6 mm (2, 13), and to 4 mm (17, 18) for extra 
short implants. Although the acceptable length of the 
short implants has changed over time, the reported 
success rates remain similar (23-25). In our study, the 
lowest possible bone volume that allows the implant 
placement in the posterior mandibular region was 
estimated, and implants of 4.1 mm diameter and 4 mm 
length, which were the shortest implants in the current 
market, were used. The data on 4 mm implants are not 
adequate to make any firm conclusion. One of the few 
studies conducted by Slotte et al. (18) reported that 4 
mm implants allow fixed prosthetic rehabilitation in the 

FIg. 5 Pmax and Pmin stresses occurring on the bone surrounding the 
implant against the forces applied against forces from canine region.

FIg. 6 Pmax and Pmin stresses occurring on the bone surrounding the 
implant against the forces applied against forces from molar region.
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mandible in healthy peri-implant conditions as observed 
in a 2-year follow-up of 87 extra short implants placed 
on the atrophic posterior mandible. In the 5-year 
follow-up of the same study, 86 extra short implants 
had a survival rate of 92.2% (17). Our results showed 
that extra short implants placed in the posterior region 
provide a more balanced stress distribution, especially 
against the stresses occurring on the implants. When 
the stresses in the bones were evaluated, the results did 
not create a significant difference compared to the 4A 
model. In the extra short implant studies performed by 
Slotte et al. (17, 18), implant placement was performed 
with one implant per missing tooth in the posterior 
region. In the results of this study, although there were 
stress differences between one and two extra short 
implant placements in favor of two extra short implant 
placement, however, this difference was not significantl. 
With the increasing usage rates of dental implants, the 
planning of rehabilitation of the completely edentulous 
mandible with implant-supported fixed prostheses has 
changed over time. From the studies using 6 or more 
implants for rehabilitation of a full edentulous mandible, 
there have been changes ranging from the studies that 
claim that the rehabilitation of the mandible with 3 
or even only 2 implants yields successful results (26, 
27). Moraschini et al. (4) reported that full-arch fixed 
prostheses in the mandible supported by two and four 
implants exhibit a low rate of failure, low marginal bone 
loss, and low biomechanical and biological complication 
rates for implants and prostheses. Krennmair et al. (5) 
reported a success rate of 98.6% in 38 patients who 
received support from four implants placed in the 
interforaminal region of the mandible. In the present 
study, six different scenarios, including three to four 
implants in the interforaminal region, and two to four 
extra short implants supporting these implants in the 
posterior region, were compared. According to the 
results of the present study, suitable stress distributions 
were observed in 4 interforaminal implants (4A model); 

however, 3 interforaminal implants (3A) were exposed 
to high stresses up to 2 times in some scenarios.
The use of three implants to rehabilitate the edentulous 
mandible was first described by P.I. Brånemark et al. (10), 
Novum protocol, and the researchers reported a success 
rate of 98% in three years and 93.3% in five years (9).  
Inspired by this technique, Hatano et al. (28) used a 
similar treatment option in the following years using 
standard implants. Also, they reported that in a five-
year follow-up of the three standard design implants 
placed in the interforaminal area in the edentulous 
mandible, it would be sufficient to support fixed 
prosthetic rehabilitation even in the immediate loading 
condition (8). However, the stress values obtained from 
the results of the present study indicate that full-arch 
fixed prosthesis supported by only 3 implants was not 
considered appropriate due to the high stresses that 
occurred on the models.
There are studies suggesting that three implants are 
insufficient for the rehabilitation of a full edentulous 
mandible. Heydecke et al. (29) reported that the use 
of four to six implants for implant-supported fixed 
full-arch prostheses in their systemic review was a 
well-documented treatment option in studies with 
an estimated 5-year survival rate. The researchers 
emphasized that the use of three implants will not 
have similar survival rates. In their photoelastic studies, 
Simamoto Jr et al. (30) claimed that a reduction in the 
number of implants placed in the interforaminal region in 
the posterior atrophic mandible might result in a higher 
stress concentration around the implants; therefore, 
the use of five implants instead of three implants 
may lead to a lower stress concentration and a lower 
biomechanical complication rate. Fazi et al. (31), in their 
biomechanical study, reported that the three parallel 
implant configurations resulted in higher stress than the 
four implants in the implant and bone. Correa et al. (32) 
compared the rehabilitation of the edentulous mandible 
with three and four implant-supported cantilever 
extension prostheses placed in the interforaminal area 
and did not recommend the three implant-supported 
prostheses because of inadequately supported occlusal 
loads. In the present study, significantly different stress 
values were observed between the models containing 3 
implants and 4 implants. These results are consistent with 
the studies showing that 3 implants are not sufficient, 
suggesting the placement of at least 4 implants.
Although it is known that full-arch prostheses with 
implant-supported cantilever extension provide 
successful results in general, and it is a safe treatment 
option, studies have shown that cantilever extensions 
cause some technical complications (6, 33-38). 
Supporting these cantilever extensions with extra 
short implants in the posterior atrophic mandible may 
prevent these complications. In their biomechanical 
study, Ogawa et al. (39) reported that supporting 
cantilever extension with short implants in the posterior 

FIg. 7 Von Mises stresses on the implants in models against the forces 
applied.



187

Interforaminal implant-supported fixed full-arch mandibular prosthesis

© ariesdue June 2020; 12(2)

region produced better stress values regarding axial 
and bending forces than non-supported prostheses 
and argued that the cantilever extensions should be 
supported with short dental implants in the posterior 
region. The results of the present study, in accordance 
with those reported by Ogawa et al. (39), indicate that 
placing extra short implants in the posterior region to 
support cantilevers, the stresses on the implants can be 
better balanced by distributing unstable forces. 

COnCLUSIOnS

Prosthetic rehabilitation with cantilever extension 
supported by four implants placed in the interforaminal 
region can be used safely in most cases biomechanically; 
however, considering the high von Mises stresses 
occurred on the implants against forces from the molar 
region, supporting these systems with at least two extra 
short implants in the posterior region could be a more 
risk-free approach. Besides, only three interforaminal 
implants without extra short implant support were 
found to be insufficient in almost all conditions. Among 
the models supported by extra short implants, the 
models with four implants in the interforaminal region 
caused less stresses compared with those with three 
implants; similarly, the placement of four extra short 
implants in the posterior areas reduces the stress on 
the implants and bone compared with that of two extra 
short implants. However, in both cases, the differences 
are not extremely significant. Therefore, in most cases, 
the support of two extra short implants could be 
sufficient. 
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