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Background: Correct choice of the implant design and the occlusal scheme is important for the success of implant

supported restorations. So, the aim of the current study was to find out the difference in the stresses induced by the

one piece dental implants designed to be used in the All-on-4® concept and the conventional two piece ones under
simulated lateral occlusal schemes using nonlinear finite element analysis.

Methods: Two finite element models of the maxilla, implants, and prostheses were designed according to the
All-on-4® concept. In the model TP, two piece dental implants were placed while in the model OP one piece dental
implants were used. Two loading scenarios were applied to each model; the first one simulated a group function
occlusal scheme while the second scenario simulated a canine guided one.

Results: The highest stress value was recorded in the model TP with the group function occlusion and the lowest
stress value was in the model OP with the canine guidance occlusion.

Conclusion: The one-piece dental implants can be concluded to induce less stress compared to the two piece
dental implants when used in the All-on-4® implant supported prosthesis in the different lateral occlusal schemes.
Canine guided occlusion can be concluded to cause lower stress values in comparison to the group function occlusal

Keywords: One piece dental implant, Two piece dental implant, Group function occlusion, Canine guided occlusion,

Background

Dental implants offer a valid treatment option for reha-
bilitation of the edentulous arches. However, the maxil-
lary arch is challenging for dental implant placement.
This could be attributed to the pattern of bone resorption
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and sinus pneumatization. Although bone grafting and
sinus floor elevation can solve such problems yet they
offer some disadvantages as being complex surgical pro-
cedures, having added cost and questionable predictabil-
ity [1].

The All-on-four concept was introduced as a treatment
modality for the rehabilitation of the atrophic edentulous
maxilla using dental implants to overcome the previ-
ous disadvantages. Although the presence of additional
implants in the All-on-six implant supported prosthesis
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helped to decrease the recorded stress values compared
to the All-on-4® one yet, they had similar patterns of
stress distribution and location as stated by Behring
et al. [2] and Silva et al. [3] in their Finite Element stud-
ies. Behring et al. [2] also concluded that the biomechani-
cal behavior of the All-on-4® concept becomes improved
with increasing the rigidity of the implant framework.
Furthermore, Ayali et al. [4] reported no great differ-
ences in the maximum stress values between the differ-
ent All-on-4® configurations as the M-4 and the V-4. The
narrow and wide implant diameters showed a compara-
ble biomechanical behavior when being used in the All-
on-4® concept [5]. Ozan et al. [6] also stated that tilting
the posterior implants helped to reduce the cantilever
length and decrease the stress values in the periimplant
bone and screws. Moreover, the clinical studies showed
high success rate for such a treatment modality [7, 8].
On the other hand, biological complications as periim-
plant mucositis and reduced marginal bone levels were
mentioned in the literature. Mechanical complications as
occlusal material chipping and screw loosening or frac-
ture in the implant supported fixed restorations were
also reported [9, 10]. However, long term success rate is
affected by number of factors as the design of the implant
abutment complex and the occlusal scheme of the overly-
ing prostheses [11].

Ideal design of the implant abutment complex should
allow proper load distribution to be delivered within the
physiological tolerance of the supporting structures. The
implant-abutment connection design also affects the
implant survival rate, peri-implant bone resorption and
frequency of screw loosening [12]. However, different
designs are commercially available as the one piece and
two piece dental implants. The presence of microgaps
between the implant fixture and the overlying abutment
in the two piece dental implants was found to be asso-
ciated with microleakage and bacterial contamination.
Such a reason was used to justify the increased levels of
periimplant marginal bone loss in the two piece dental
implants compared to the one piece ones [13]. Moreo-
ver, Finite Element Analysis showed higher stress values
recorded in the crestal bone surrounding the two piece
dental implants compared to the one piece ones. Such
higher stress values were also suggested to be a cause for
the increased level of marginal bone loss in the two piece
dental implants [14, 15]. On the other hand, Vorous et al.
[16] stated non significant difference in their systematic
review between both implant types regarding the level
of marginal bone loss. Furthermore, Liu et al. [17] con-
cluded in their subgroup meta analysis that the two piece
dental implants with platform switching had a significant
reduced level of marginal bone loss compared to the one
piece ones.
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Screw loosening was among the most frequently
reported complications in the implant supported fixed
restorations [10, 12, 18]. Screw loosening causes micro-
motion of the overlying prosthesis and consequent soft
tissue irritation [19]. Furthermore, Ragauskite et al. stated
that the occlusal material cracking in the screw retained
prosthesis occurred secondary to the screw loosening
[20]. Meanwhile, as a result of screw absence in the one
piece dental implant design, the risk of screw loosening
or fracture is eliminated; a frequent complication that
occurs with the two piece dental implants [21-23]. On
the other hand, further studies comparing the different
outcomes between the one piece and the two piece den-
tal implants showed that one piece dental implants had a
higher rate of screw loosening compared to the two piece
ones. Such a result was attributed to the use of an inter-
mediate abutment between the one piece dental implant
and the prosthetic superstructure [24, 25].

Proper selection of the occlusal scheme is also an
important factor for the success and longevity of the
implant supported prosthesis. Occlusal overload was
reported to be highly related with implant failure [26, 27].
Group functional occlusion and canine guided occlusion
are concepts that were proposed to be used with implant
supported fixed prosthesis. It was reported that the group
functional occlusion was associated with increased lev-
els of marginal bone loss in the implant supported fixed
prosthesis compared with the canine guided occlusal
scheme. This was related to the great occlusal forces gen-
erated during the lateral mandibular excursions. Further
reasons included the angle of the occlusal forces, the pos-
sibility of contact with the opposing teeth in non-func-
tional lateral movements and possible non-working side
contacts in the group function design [28]. On the other
hand, in the canine guided occlusion, contact is only
present within the canine teeth during the lateral excur-
sions and all other teeth are protected from unnecessary
occlusal loads [29]. However, Abdou et al. showed in
their systematic review that both occlusal schemes devel-
oped similar stresses during maximum intercuspation
and the protrusive excursions. While during the lateral
excursions the group functional occlusal scheme devel-
oped twice the stresses as the canine guided one [30].

The purpose of the current study was to find out the
difference in the stresses induced by the one piece den-
tal implants designed to be used in the All-on-4® concept
(Bio Art Uno, Flotechno dental implants, Milano, Italy)®
and the conventional two piece ones supporting the All-
on-4® implant supported prosthesis under simulated
lateral occlusal schemes using nonlinear Finite Element
Analysis. Such a design of the one piece dental implant in
the All-on-4® concept was claimed to reduce the possible
complications of the conventional two piece one as the
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components’ fractures and the risk of abutment unscrew-
ing. The assumed null hypothesis was that no difference
existed in the stress values induced by both implant
designs when used in the All-on-4® implant supported
prosthesis when lateral occlusal loading is simulated.

Methods

The current study included two steps: virtual model con-
struction and three-dimensional Finite Element Analysis.
Two virtual models were made in this study. In the vir-
tual model TP, two-piece dental implants with multiunit
abutments were used. However, in the virtual model OP,
one-piece dental implants with titanium bases were used.

Model construction
For virtual model construction, an educational maxil-
lary edentulous cast (Ramses medical products, Cairo,
Egypt) was used. It was scanned using 3D scanner (Cer-
aMap 400 Amann Girrbach America Inc., Koblach,
Austria) and modelled using CAD/CAM software (Solid-
works2020 SolidWorks Corp., Dassault Systemes, Villa-
coublay, France). As (D3) bone density is often observed
in the maxilla, the cast was virtually formed to represent
a 1 mm outer cortical bone covering the trabecular bone.
Reverse Engineering was made to the cast and exported
in Standard Tessellation Language (STL) file. This STL
virtual cast was imported into the Mesh Mixer software
(Mesh Mixer, Autodesk, San Rafael, California, United
States of America) for further smoothening, gap filling
and exported as STL format.

Four dental implants (BioArtUno, Flotechno dental
implants, Milano, Italy) were planned to be placed in the
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lateral incisor and premolar region following the All-
on-4® concept. The anterior implants were axially placed
whereas the posterior ones were placed with a distal
angulation 17° with anteroposterior spread 18 mm [31].
The implants were modelled using the Solidworks soft-
ware (SolidWorks Corp., Dassault Systémes, Villacoublay,
France) after their dimensions were taken from the user’s
manual. Multiunit abutments and titanium bases were
also modelled using the Solidworks software.

The prosthetic superstructure was designed using
Exocad software (Exocad America, Inc. Darmstadt,
Germany) to be in the form of Titanium implant bridge
supporting zirconia crowns [32—-35]. The STL files of the
dental implants, abutments and prosthetic superstruc-
ture were imported into the Mesh Mixer software for
smoothening and gap filling.

The STL files of the edentulous maxillary cast, dental
implants, abutments, and prosthetic superstructure were
imported into Siemens NX10 (Unigraphics NX, Siemens
PLM, California, USA) for conversion into solid parts.
Superimposition of the cortical and cancellous parts of
bone was done followed by Boolean subtraction to get
the three dimensional virtual maxillary cast. Superim-
position and Boolean subtraction were then made for
the implants in the virtual casts. Finally, superimposi-
tion of the abutments and the prosthetic superstructures
were made followed by Boolean subtraction. Parasolid
Extension files were then exported and imported into the
SolidWorks software for components assembly. Interfer-
ence was also checked by interference detection tool.

The components were exported from the Solidworks
software into the ANSYS16.2 software (Ansys, Inc,

Fig. 1 A Cross section in the meshed model OP showing the one piece dental implants in the bone and the overlying superstructure
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Pennsylvania, USA) program and presented as a func-
tion of area. These areas were then converted to volumes
(Fig. 1). The parabolic tetrahedral element was the ele-
ment of choice used. For non linear static analysis, the
Elastic Modulus and the Poisson’s Ratio were defined
for each component. The properties are listed in Table 1
[31-33]. All model materials were isotropic, homoge-
nous, and linearly elastic. Implants were completely osse-
ointegrated with bone. Coefficient of friction (0.2) was
given between the implants and prosthetic superstruc-
tures for non linear static analysis [5]. The total number
of elements in the model TP was 3,474,771 and in the
model OP was 167,445. However, the number of nodes
in the model TP was 4,952,640 and in the model OP was
302,504.

Load application

For load application, a three dimensional Finite Element
ball model (5.8 mm in diameter) was used. Two loading
scenarios were applied [31, 36]. The first scenario simu-
lated the group function occlusion in which a unilateral
90 N horizontal static load was applied to the palatal
surface of the canine, the buccal cusp of the first and the

Table 1 Properties of each component in the model [31-33]

Material Modulus of elasticity Poisson’s ratio
(MPa)

Compact bone 13,700 03

Cancellous bone 7930 03

Zirconia 200,000 0.3

Titanium alloy 110,000 033

MPa Mega Pascal unit
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second premolars in addition to the mesiobuccal and
the distobuccal cusps of the first molar with a total load
450 N (Fig. 2a). The second scenario simulated the canine
guided occlusion in which a unilateral 90 N horizontal
static load was applied to the palatal surface of the canine
(Fig. 2b).

The boundary condition was defined in such a way
that all movements at the base of the virtual model were
restrained during load application in all directions. Each
model was analyzed with the same exact boundary con-
ditions and load application. The stresses displayed in
this study are the maximum principle stress for the bone
and the (SEqv) von-Mises stress for the implants and the
prosthetic screws [37]. They were displayed as graphical
output in the form of color coded maps and numeric out-
put that displayed the amount of the maximum equiva-
lent stresses (Von-Mises stresses) and the maximum
principal stress in Megapascal (Mpa). One single inves-
tigator calculated the average stress value for the implant
abutment complex in both models. Calculation was made
by summation of the stress values recorded in each cell
of the mesh constituting the component followed by divi-
sion upon the number of the cells.

Results

For the stresses induced in the implants, stress concen-
tration was observed in the crestal region of the posterior
and the anterior implants on the loaded side in the model
TP during both loading scenarios (Fig. 3a). While for the
model OP, it was observed in the junction of the implant-
abutment complex in the anterior and posterior implants
during both loading scenarios (Fig. 3b). The highest stress
value (108.3 Mpa) was recorded in the model TP during

C: 3rd Scenario sp
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Fig. 2 a A photo showing the group function loading scenario with a a unilateral 90 N horizontal static load applied to the palatal surface of the
canine, the buccal cusp of the first and the second premolars in addition to the mesiobuccal and the distobuccal cusps of the first molar with a
total load of 450 N. b A photo showing the canine guided loading scenario with a unilateral 90 N horizontal static load applied to the palatal surface
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group functional occlusion while the lowest (4.17 MPa)
was recorded in the model OP during canine guided
one. However, the maximum value in the model TP
was higher than in the model OP for both loading sce-
narios. Moreover, the stress values recorded in the den-
tal implants for the group function occlusion was higher
than the canine guided one for each model. The maxi-
mum value of the Von Mises stress in both models for
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both loading scenarios is listed in Table 2. Moreover, the
average stress value for the anterior implant was higher
than the posterior implant in the model OP for both
loading scenarios. However, in the model TP, the ante-
rior implant had a lesser average stress value compared to
the posterior implant. The average stress value of the Von
Mises stress in both models for both loading scenarios is
listed in Table 3.

i P

abutment complex

Fig. 3 a A photo of the stress distribution in the dental implants in the model TP during the group functional and canine guided occlusal schemes
showing maximum stress concentration in the coronal part of the dental implants. b A photo of the stress distribution in the dental implants in the
model OP during the group functional and canine guided occlusal schemes showing maximum stress concentration in the junction of the implant

Table 2 Comparison of the maximum recorded stress values in the implants, screws and bone between the models OP and TP during

group functional and canine guided loading scenarios

Loading scenario

Model TP (MPa) Model OP (MPa)

Dental implant Scenario 1: Group functional occlusion

Scenario 2: Canine guidance occlusion

Screw Scenario 1: Group functional occlusion
Scenario 2: Canine guidance occlusion
Bone Scenario 1: Group functional occlusion

Scenario 2: Canine guidance occlusion

108.3* 1849%
14.0% 417*
59.35% 43.84%

8.18* 6.71*
88.24" 16.06"
1343* 272

MPa Mega Pascal unit
" Symbol indicates VonMises stress

# Symbol indicates maximum principal stress

Table 3 Comparison of the average stress values induced in the implants and screws between the models OP and TP during group

functional and canine guided loading scenarios

Model component Loading scenario Model TP Model OP
Anterior (MPa) Posterior (MPa) Anterior (MPa) Posterior (MPa)
Dental Implant Scenario1: Group functional occlusion 6.32 947 347 262
Scenario2: Canine guidance occlusion 0.85 1.01 0.63 0.53
Screw Scenario1: Group functional occlusion 441 5.84 291 2.01
Scenario2: Canine guidance occlusion 0.68 1.01 0.54 046

MPa Mega Pascal unit
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Regarding the stresses induced in the supporting bone,
the principal stress was concentrated in the crestal bone
surrounding the posterior and anterior implants in the
loaded side in both models during both loading sce-
narios (Fig. 4a, b). However, higher concentrations were
observed posteriorly rather than anteriorly. The high-
est stress value (88.24 Mpa) was recorded in the model
TP during group functional occlusion while the lowest
(2.72 MPa) was recorded in the model OP during canine
guided one. The model TP had higher stress values com-
pared to the model OP during both loading scenarios.
Moreover, the stress values recorded in the bone for the
group functional occlusion was higher than the canine
guided one for each model. The maximum value for the
maximal principal stress in both models during both
loading scenarios is shown in Table 2.

While for the stresses induced in the prosthetic screw,
stress concentration was observed in the anterior and
posterior screws of the loaded side in both models dur-
ing both loading scenarios. In both loading scenarios,
the posterior screw showed higher stress value com-
pared to the anterior one in the model TP (Fig. 5a) and
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the anterior screw showed higher stress values compared
to the posterior one in the model OP (Fig. 5b). The high-
est stress value (59.35 Mpa) was recorded in the model
TP during group functional occlusion while the lowest
(6.71 MPa) was recorded in the model OP during canine
guided one. However, the maximum value in the model
TP was higher than in the model OP for both loading
scenarios. Moreover, the stress values recorded in the
prosthetic screw for the group functional occlusion was
higher than the canine guided one for each model. The
maximum value of the Von Mises stress in both models
in both loading scenarios is listed in Table 2 and the aver-
age stress values are listed in Table 3.

Discussion

The purpose of this study was to find out the difference
in the stresses induced by the one piece and the two
piece dental implants supporting the All-on-4® implant
supported prosthesis under simulated lateral occlusal
schemes using non linear Finite Element Analysis. The
null hypothesis was rejected as the one piece dental
implant induced less stress values compared to the two
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Fig. 4 a A photo of the stress distribution in the bone in the model TP during the group functional and canine guided occlusal schemes showing
maximum stress concentration in the crestal part of the bone. b A photo of the stress distribution in the bone in the model OP during the group
functional and canine guided occlusal schemes showing maximum stress concentration in the crestal part of the bone

Fig.5 a A photo of the stress distribution in the screw in the model TP during the group functional and canine guided occlusal schemes showing
maximum stress concentration in the posterior screw. b A photo of the stress distribution in the screw in the model OP during the group functional
and canine guided occlusal schemes showing maximum stress concentration in the anterior screw
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piece dental implant for all simulated scenarios. The
canine guidance simulation also resulted in less stress
values compared to the group functional one.

The posterior implants were distally inclined 17° in the
current study as this inclination induced less stress values
compared to the 45° one [31]. Owing to its biocompat-
ibility, low density and favorable mechanical properties,
titanium alloy was selected to be the implant bridge
material in this study [32]. Zirconia was also selected
for its esthetical outcome. Furthermore, stress analysis
studies showed comparable results between the different
occlusal materials regarding the stress pattern induced
by them on the supporting structures in the implant sup-
ported fixed restorations [33—35].

The magnitude, distribution and direction of loads
used in this study were based on previous studies [31,
36, 38]. Delayed loading was adopted in the current
study so, complete bone osseointegration with the den-
tal implants were assumed. For more realistic simula-
tion, nonlinear static analysis was adopted in the implant
abutment complex design and the friction coefficient
was set to 0.2 [5]. The Von Mises stress values were used
in this study to display the results as it is the most com-
monly used measurement for evaluating the yielding
behavior of the materials [37]. The maximum value of
the Von Mises stress was recorded in the crestal region
of the dental implants on the loaded side in the model TP
during both loading scenarios. For the model OP, it was
observed in the junction of the implant-abutment com-
plex of the dental implants during both loading scenarios.
However, the average stress values recorded posteriorly
were higher than anteriorly in the model TP and higher
anteriorly rather than posteriorly in the model OP. Simi-
larly, the highest value for the maximum principal stress
in the bone was recorded in the crest of the bone sur-
rounding the posterior implants. The results of the cur-
rent study for the model TP matches the results of several
studies performed on the All-on-4® implant supported
prosthesis as that published by Kucukkurt et al. [39],
Horita et al. [40], Ayali et al. [4], Moreira et al. [5], San-
nino et al. [31], Lofaj et al. [36], Liu et al. [41] and Turker
et al. [42, 44]. Regarding the stresses induced in the pros-
thetic screw, the maximum value for the Von Mises stress
was recorded in the posterior screws for the model TP;
matching the results of Ozan et al. [6] and Oh et al. [43].
However, for the model OP, the maximum value for the
Von Mises stress was recorded in the anterior screw dur-
ing both loading scenarios. Also as mentioned earlier, the
anterior implants showed higher stress values than the
posterior implants in the model OP. However, the dif-
ference in the average stress values between the anterior
and posterior implant-abutment complexes in the model
OP was less compared to the difference in the model TP.
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This might give a speculation for an improved load shar-
ing between the anterior and posterior components in
the model OP compared to the model TP. Such a specula-
tion might be related to the uniform one body design of
the one piece dental implant.

The higher stress value recorded posteriorly rather
than anteriorly in the model TP could be attributed to
the fact that the posterior implants were present in the
region of load application in the group functional sce-
nario [44]. Furthermore, distal inclination of the poste-
rior implant was another reason mentioned by Liu et al.
[41]. On the other hand, the lever arm effect and the
fact that the stress value becomes more maximized as
it moves further from the fulcrum may explain the rea-
son for the maximum stress values recorded posteriorly
during the canine guided scenario [13]. The higher stress
values observed in the anterior implant system compared
to the posterior one in the model OP could be due to a
lesser bending moment of the implant framework in this
model compared to the model TP thus a lesser stress was
delivered to the posterior implant and more stress was
delivered to the anterior one. The lesser bending moment
of the implant bridge might be related to the stronger
body design of the underlying one piece dental implant in
addition to the short lever arm.

The canine guidance loading scenario showed less
stress value compared to the group functional loading
scenario in this study. Gore et al. showed similar result
in their dynamic finite element analysis study comparing
both occlusal schemes in implant supported fixed pros-
theses as well [38]. Similar findings were also reported
by Turker et al. when they compared different occlusal
schemes in the All-on-4® implant supported prosthesis
[42, 44]. They related the lower stress values in the canine
guided simulation to the anterior and posterior disoc-
clusion of all the teeth except the canines during lateral
movements of the mandible. Moreover, Abdou et al
stated in their systematic review that the group func-
tional occlusion had double the stress values of canine
guidance during lateral movements [30]. Moreover,
more marginal bone loss was reported to take place in
the implant supported fixed partial dentures having the
group function occlusal scheme compared to those with
the canine guidance occlusion. This was attributed to
the greater occlusal stresses exerted in group functional
occlusion. Another reason was the increased possibility
of contact with the opposing teeth in the non functional
lateral movements [28].

In all loading scenarios, the model TP showed higher
stress values compared to the model OP regarding the
implants, bone, and screws. Such a result came in line
with Cehreli et al. and Hajimiragha et al. who showed
lower stress values induced on the bone and the implants
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for the one piece dental implants in comparison to the
two piece ones. This can be explained in the fact of the
strong one body design and the improved mechanical
properties for the one piece implant compared to the two
piece one. The absence of the abutment screw contrib-
utes to such improved mechanical properties in the one-
piece implant as well [14, 15, 17].

Regarding the clinical relevance of the current study
results, the difference in the pattern of periimplant load
distribution between both virtual models in the current
study may account for the different bone remodeling that
occurs clinically between them in addition to the crater
like defects that appeared around the one piece dental
implant. Furthermore, in the clinical setting the lower
stress values recorded for the one piece monophasic
dental implant may reduce the risk of component frac-
ture; especially in the posterior region where the highest
stress value was recorded in all Finite Element Analysis
studies related to the All-on-4®implant supported pros-
thesis. Moreover, the lesser stress value recorded in the
region of periimplant crestal bone in the model OP may
help to reduce the rate of marginal bone loss. However,
it has to be mentioned that the stress level is not the
only factor that affects marginal bone loss since further
factors as the design of the implant platform, presence
of cantilevers, occlusal forces in addition to the implant
number and diameter have their effect too [38]. Moreo-
ver, systematic reviews dealing with the issue of marginal
bone loss in the one piece and two piece dental implants
reported controversial results and concluded that both
implant types showed no difference in their effect on
marginal bone loss [16, 17]. However, such results should
be held with caution due to the possible heterogeneity of
the studies enrolled in the systematic reviews. The less
stress values induced in the prosthetic screw in the one
piece dental implants may be accompanied clinically with
a reduced risk of screw loosening and thus a decreased
incidence of prosthesis movement, soft tissue irritation
and patient apprehension. The reduced levels of the mar-
ginal bone loss in the implant supported fixed prosthesis
having canine guided occlusion reported by Koller et al.
might be related to the lower stress values for a such
occlusal scheme compared to the group functional one.
So, the canine guided occlusion could be suggested clini-
cally to have lesser biological and mechanical complica-
tions in the light of the results of the current study and
that published by Koller et al. [28] and Abdou et al. [30].
Moreover, in the light of the current results for the dental
implant design, the authors also prospect that there may
be a lesser bending moment of the prosthetic superstruc-
tures when the one piece dental implant is used in the
All-on-4® implant supported prosthesis.
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Although standardization and variables control can
be achieved in finite element analysis studies yet, this
study has several limitations. Static loading was applied
for simplification even though loading is dynamic during
chewing functions. Moreover, it was proposed that the
dental implants were completely osseointegrated with
bone however, this does not simulate the natural situa-
tion. Also, the material properties of bone were linearly
elastic and isotropic in this study yet, this does not come
in line with consistent living tissue simulation. Further-
more, when clinically compared to the two piece den-
tal implants, the one piece ones did not have a reduced
rate of marginal bone loss and showed an increased risk
of screw loosening when an intermediate abutment was
used. So, the results of the current study which showed
higher stress values for the two piece dental implants
compared to the one piece monophasic ones do not sug-
gest more biological and mechanical complications clini-
cally. However, randomized clinical trials are needed to
compare both implant designs regarding their biological
and mechanical complications in addition to the techni-
cal limitations when used in the All-on-4® implant sup-
ported prosthesis.

Conclusion

Within the current study limitations, the one-piece den-
tal implants can be concluded to induce less stress com-
pared to the two piece dental implants when used in the
All-on-4® implant supported prosthesis in the different
lateral occlusal schemes. Canine guided occlusion can be
concluded to cause lower stress values in comparison to
the group function occlusal scheme.

Abbreviations
STL: Standard tessellation language; SEqv: Equivalent stresses; Von-Mises
stress; AP spread: Anterior—posterior spread; N: Newton; MPa: Mega Pascal.

Acknowledgements
Not applicable.

Author contributions

MEB: Conceptualization, methodology, writing—original draft, writing—
review and editing, data curation. MG: Methodology, software, analysis,
writing—review and editing. AMAM: Conceptualization, methodology, writing
original draft, writing—review and editing, data curation. All authors have read
and approved the manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Availability of data and materials

The data of the maximum stress values are included in the published article.
The dataset used for calculation of the average stress value are available from
the corresponding author upon request.



Mohamed et al. BMC Oral Health (2022) 22:196

Declarations

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interest
The authors of the current study declare that they have no competing interest.

Author details

'Oral and Maxilofacial Prosthodontics Department, Faculty of Dentistry,
AinShams University, Organization of African Unity Street, Cairo 11561, Egypt.
2Mechanical Department, Faculty of Engineering, Helwan University, Cairo,
Egypt.

Received: 27 February 2022 Accepted: 11 May 2022
Published online: 22 May 2022

References

1. Coopman R, Fennis J, Ghaeminia H, Van de Viyvere G, Politis C, Hop-
penreijs TJM. Volumetric osseous changes in the completely edentulous
maxilla after sinus grafting and lateral bone augmentation: a systematic
review. Int J Oral Maxillofac Surg. 2020;49:1470-80.

2. Bhering CLB, Mesquita MF, Kemmoku DT, Noritomi PY, Consani RLX, Barao
VAR. Comparison between All-on-four and All-on-six treatment concepts
and framework material on stress distribution in atrophic maxilla: a proto-
typing guided 3D-FEA study. Mater Sci Eng C. 2016;69:715-25.

3. Silva GC, Mendonca JA, Lopes LR, Landre J. Stress patterns on implants in
prostheses supported by four or six implants: a three-dimensional finite
element analysis. Int J Oral Maxillofac Implants. 2013;25:239-46.

4. Ayali A, Altagar M, Ozan O, Kurtulmus-Yilmaz S. Biomechanical compari-
son of the All-on-4, M-4, and V-4 techniques in an atrophic maxilla: a 3D
finite element analysis. Comput Biol Med. 2020;123:103880.

5. Moreira de Melo EJ, Francischone CE. Three-dimensional finite element
analysis of two angled narrow-diameter implant designs for an All-on-4
prosthesis. J Prosthet Dent. 2020;124:477-84.

6. Ozan O, Kurtulmus-Yilmaz S. Biomechanical comparison of different
implant inclinations and cantilever lengths in All-on-4 treatment con-
cept by three-dimensional finite element analysis. Int J Oral Maxillofac
Implants. 2018;33:64-71.

7. Hopp M, de Aratjo Nobre M, Malé P. Comparison of marginal bone
loss and implant success between axial and tilted implants in maxillary
All-on-4 treatment concept rehabilitations after 5 years of follow-up. Clin
Implant Dent Relat Res. 2017;19:849-59.

8. Mald P, de Araujo Nobre M, Lopes A, Ferro A, Botto J. The All-on-4 treat-
ment concept for the rehabilitation of the completely edentulous man-
dible: a longitudinal study with 10 to 18 years of follow-up. Clin Implant
Dent Relat Res. 2019,21:565-77.

9. Hamed MT, Abdullah Mously H, Khalid Alamoudi S, Hossam Hashem AB,
Hussein Naguib G. A systematic review of screw versus cement-retained
fixed implant supported reconstructions. Clin Cosmet Investig Dent.
2020;14:9-16.

10. Millen C, Bragger U, Wittneben JG. Influence of prosthesis type and
retention mechanism on complications with fixed implant-supported
prostheses: a systematic review applying multivariate analyses. Int J Oral
Maxillofac Implants. 2015;30:110-24.

11. Bozyel D, Faruk ST. Biomechanical behavior of All-on-4 and M-4 con-
figurations in an atrophic maxilla: A 3D finite element method. Med Sci
Monit. 2021;28(27):2929908.

12. Yao KT, Kao HC, Cheng CK, Fang HW, Huang CH, Hsu ML. Mechanical
performance of conical implant-abutment connections under different
cyclic loading conditions. J Mech Behav Biomed Mater. 2019,90:426-32.

13. Kadkhodazadeh M, Safi Y, Moeintaghavi A, Amid R, Baghani MT, Shidfar S.
Marginal bone loss around one-piece implants: a 10-year radiological and
clinical follow-up evaluation. Implant Dent. 2019;28:237-43.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

Page 9 of 10

Wu AYJ, Hsu JT, Chee W, Te LY, Fuh LJ, Huang HL. Biomechanical evalua-
tion of one-piece and two-piece small-diameter dental implants: in-vitro
experimental and three- dimensional finite element analyses. J Formos
Med Assoc. 2016;115:794-800.

Hajimiragha H, Abolbashari M, Nokar S, Abolbashari AH, Abolbashari M.
Bone response from a dynamic stimulus on a one-piece and multi-piece
implant abutment and crown by finite element analysis. J Oral Implantol.
2014;40:525-32.

. Vouros ID, Kalpidis CD, Horvath A, Petrie A, Donos N. Systematic assess-

ment of clinical outcomes in bone-level and tissue-level endosseous
dental implants. Int J Oral Maxillofac Implants. 2012;27:1359-74.

Liu M, He L, Wang H. Clinical and radiographic performance of one-
piece and two-piece implant: a systematic review and meta-analysis. J
Prosthodont Res. 2021;65:56-66.

Sherif S, Susarla HK, Kapos T, Munoz D, Chang BM, Wright RF. A system-
atic review of screw- versus cement-retained implant-supported fixed
restorations. J Prosthodont. 2014;23:1-9.

Kourtis S, Damanaki M, Kaitatzidou S, Kaitatzidou A, Roussou V.
Loosening of the fixing screw in single implant crowns: predispos-

ing factors, prevention and treatment options. J Esthet Restor Dent.
2017;29:233-46.

Ragauskaité A, Zekonis G, Zilinskas J, et al. The comparison of cement-
and screw-retained crowns from technical and biological points of
view. Stomatologija. 2017;19:44-50.

Lauritano D, Grassi R, Di Stasio D, Lucchese A, Petruzzi M. Successful
mandible rehabilitation of lower incisors with one-piece implants. J
Med Case Rep. 2014;8:406.

Jackson BJ. Small diameter implants: specific indications and consid-
erations for the posterior mandible: a case report. J Oral Implantol.
2011,;37:156-64.

Prithviraj DR, Gupta V, Muley N, Sandhu P. One-piece implants: place-
ment timing, surgical technique, loading protocol, and marginal bone
loss. J Prosthodont. 2013;22:237-44.

Gamper FB, Benic Gl, Sanz-Martin |, Asgeirsson AG, Himmerle CHF,
Thoma DS. Randomized controlled clinical trial comparing one-piece
and two-piece dental implants supporting fixed and removable
dental prostheses: 4- to 6-year observations. Clin Oral Implants Res.
2017,;28:1553-9.

Levine RA, Clem DS, Wilson TG, Higginbottom F, Solnit G. Multicenter
retrospective analysis of the iti implant system used for single-tooth
replacements: results of loading for 2 or more years. Int J Oral Maxillofac
Implants. 1999;14:516-20.

Stoichkov B, Kirov D. Analysis of the causes of dental implant fracture: A
retrospective clinical study. Quintessence Int. 2018;49:279-86.

Sadowsky SJ. Occlusal overload with dental implants: a review. Int J
Implant Dent. 2019;5:29.

Koller CD, Pereira-Cenci T, Boscato N. Parameters associated with
marginal bone loss around implant after prosthetic loading. Braz Dent J.
2016;27:292-7.

Miralles R. Canine-guide occlusion and group function occlusion are
equally acceptable when restoring the dentition. J Evid Based Dent Pract.
2016;16:41-3.

Abduo J, Tennant M. Impact of lateral occlusion schemes: a systematic
review. J Prosthet Dent. 2015;114:193-204.

Sannino G. All-on-4 concept: a 3-dimensional finite element analysis. J
Oral Implantol. 2015;41:163-71.

Bacchi A, Consani RL, Mesquita MF, Dos Santos MB. Effect of framework
material and vertical misfit on stress distribution in implant-supported
partial prosthesis under load application: 3-D finite element analysis. Acta
Odontol Scand. 2013;71:1243-9.

Bassit R, Lindstrom H, Rangert B. In vivo registration of force development
with ceramic and acrylic resin occlusal materials on implant-supported
prostheses. Int J Oral Maxillofac Implants. 2002;17:17-23.

Meric G, Erkmen E, Kurt A, Tung Y, Eser A. Influence of prosthesis type and
material on the stress distribution in bone around implants: A 3-dimen-
sional finite element analysis. J Dent Sci. 2011;6:25-32.

Azigi C, Kern M, Chaar MS, Libecki W, Elsayed A. The influence of the
restorative material on the mechanical behavior of screw-retained
hybrid-abutment-crowns. J Mech Behav Biomed Mater. 2020;111:103988.



Mohamed et al. BMC Oral Health

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2022) 22:196

Lofaj F, Kucera J, Németh D, Mincik J. Optimization of tilted implant
geometry for stress reduction in All-on-4 treatment concept: finite ele-
ment analysis study. Int J Oral Maxillofac Implants. 2018;33:1287-95.
Shigemitsu R, Yoda N, Ogawa T, Kawata T, Gunji Y, Yamakawa Y, lkeda K,
Sasaki K. Biological-data-based finite-element stress analysis of man-
dibular bone with implant-supported overdenture. Comput Biol Med.
2014;54:44-52.

Gore E, Evlioglu G. Assessment of the effect of two occlusal concepts for
implant-supported fixed prostheses by finite element analysis in patients
with bruxism. J Oral Implantol. 2014;40:69-75.

Kucukkurt S, Tukel HC. Comparison of four implant-supported fixed
rehabilitation options of the edentulous mandible: a 3D finite element
analysis. J Adv Oral Res. 2020;11:57-64.

Horita S, Sugiura T, Yamamoto K, Murakami K, Imai Y, Kirita T. Biomechani-

cal analysis of immediately loaded implants according to the “All-on-Four”

concept. J Prosthodont Res. 2017,61:123-32.

Liu X, Pang F, LiY, Jia H, Cui X, Yue Y, Yang X, Yang Q. Effects of different
positions and angles of implants in maxillary edentulous jaw on sur-
rounding bone stress under dynamic loading: a three-dimensional finite
element analysis. Comput Math Methods Med. 2019;2019:8074096.
Turker N, Bilyiikkaplan US, Sadowsky SJ, Ozarslan MM. Finite element
stress analysis of applied forces to implants and supporting tissues using
the "All-on-four” concept with different occlusal schemes. J Prosthodont.
2019;28:185-94.

Oh JH, KimYS, Lim JY, Choi BH. Stress distribution on the prosthetic
screws in the All-on-4 concept: a three-dimensional finite element analy-
sis. J Oral Implantol. 2020;46:3-12.

Turker N, Alkisx HT, Sadowsky SJ, Blytkkaplan US. Effects of occlusal
scheme on All-on-four abutments, screws, and prostheses: a three-
dimensional finite element study. J Oral Implantol. 2021;47:18-24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Stresses induced by one piece and two piece dental implants in All-on-4® implant supported prosthesis under simulated lateral occlusal loading: non linear finite element analysis study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Model construction
	Load application

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


