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Abstract
Background: The objective of this study was to compare between stress produced by maxillary
fixed-detachable prosthesis around the implants placed with different angulations following All-OnFour Concept.
Methods: For this study, two standardized maxillary epoxy models were made, surgical guides
were fabricated by CAD/CAM according to desired angulations. Two groups were designed, for the
group, A implants were inserted following the All-On-Four concept with 45 degrees distal angulation
of distal implants while for Group B implants were inserted following the All-On-Four concept with
30 degrees distal angulation of distal implants.
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The fixed detachable prosthesis was made for 2 groups by plastic castable abutments and casting
procedure. After that, a strain gauge was installed around implants in buccal, palatal, mesial and
distal aspects, and a load of 100N was applied vertically and another load of 65N was applied
obliquely by digitalized testing machine upon occlusal plate 10 times.
Results: There was a significant difference between posterior implants tilted by 45 degrees and
posterior implants tilted by 30 degrees under vertical and oblique load without taking into
consideration the effect of the cantilever. The anterior implants are significantly less subjected to
stresses than posterior tilted implants. An oblique load has generated higher stresses than
vertical loads overall implants. Conclusions: Within the limitations of this in-vitro study, it can be
concluded that with short cantilever implant-supported prosthesis avoiding the increase in the tilt
of implants more than 30 degrees is recommended to decrease stresses transmitted to
surrounding structures around both anterior and posterior implants. Off axial loads will generate
more stresses around implants.
Keywords: All-On-Four, Dental Implants, Tilted Implants, Fixed Detachable Prosthesis, Strain
Gauge Analysis.

Introduction
The use of endo-osseous dental implants is a well-accepted and encouraging treatment modality for the
rehabilitation of partially or completely edentulous patients. Although the success rate with implants is
high, biological, and technical complications around the implants are reported. In recent years, oral
implantology has undergone a well-deserved innovation and dental implants are now considered the
preferred treatment plan in an increasing number of carefully selected cases (1,2).
In many cases, the treatment of the edentulous maxilla is more challenging and requires more elective
procedures than are necessary for the mandible, particularly concerning the following criteria (3,4):
degree of atrophy of the residual jaw, location of the implants, tilting the axis of the implants, soft and
hard tissue volume, facial profile, esthetics, function and phonetics.
In recent years, it has been proposed to use inclined implants to restore edentulous maxillary and
mandibular jaws. Implants of regular length can be placed, allowing as much cortical bone engagement
as possible, thereby increasing initial stability (5).
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The All-on-Four concept is designed to maximize the use of available residual bone in atrophic jaws.
Therefore, it allows for immediate effect and avoids regenerative procedures that increase treatment
costs and patient morbidity as well as the complications inherent in these procedures. All-on-Four
treatment ideas provide predictable results in the treatment of atrophic jaws. The evidence provided
shows a promising prognosis for the treatments. The results showed that the survival rate of prostheses
and implants was high after three years of follow-up. There are no statistically significant differences in
clinical results between the upper and lower dental arches and the axial and oblique implants (6-8).
The stresses transferred from dental implants to surrounding bone are affected by many factors such
as the sort of loading, the bone-implant interface, the length and diameter of the implants, the implant
shape, structure of the implant surface, the superstructure and also the quality and the quantity of the
encircling bone (9). Biomechanical analyses indicate that the foremost anterior and posterior implants
supporting a reconstruction take the main load share at cantilever loading, regardless of the quantity of
intermediate implants (6).
After osseointegration is achieved; long-term clinical follow-ups reported biological or mechanical
complications (10,11). The factors that affect the prognosis of dental implants should be carefully
considered before attempting to rehabilitate the patients with implants. These factors are periodontally
compromised

patients,

age,

bone

density,

occlusion,

smoking,

genetics,

systemic

diseases,

microorganisms, antibiotics, and type of implants (12).
A strain gauge is a device used to measure the strain of the object. The most common type of strain
gauge consists of an insulating flexible backing that supports a metallic foil pattern. The gauge is
attached to the object by a suitable adhesive. As the object is deformed, the foil is deformed, causing its
electrical resistance to change (13-15).
In this in-vitro study strain gauge technology has been used to measure micro strains induced by
maxillary fixed detachable dental prosthesis supported by implants using the All-On-Four treatment
concept with different angulations.

Material & Methods
Approval for this research was obtained from the Faculty of Dentistry, Tanta University, and the
Research Ethics Committee (REC). The design and procedures of the present study were accomplished
according to the research guidelines published by the (REC) Faculty of Dentistry, Tanta University.
Two identical ready-made maxillary completely edentulous epoxy resin models covered by 2 mm of
silicon resilient material to simulate oral mucosa were used for this study. The two models were divided
into two groups as follows: Group (A): Fixed detachable dental prosthesis has been fabricated to fit on
four implants using the All-On-Four concept. The two anterior implants were placed vertically, while the
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two posterior implants were placed at distal angulation of 45 degrees. Group (B): Fixed detachable dental
prosthesis has been fabricated to fit on four implants using the All-On-Four concept. The two anterior
implants were placed vertically, and the two posterior implants were placed at distal angulation of 30
degrees.

Implant installation:
A rubber base impression was taken for the epoxy model then the impression was poured with hard
dental stone to produce the stone cast needed for fabrication of trial denture base from self-cure acrylic
resin. After that set of artificial acrylic, teeth were done upon trial denture base to determine the exact
location of teeth. Radiographic markers (gutta-percha) were placed upon trial denture in palatal and
buccal holes 1 mm deep and 1.5 mm wide at the canine and first molar region to make radiographic
stent then Cone Beam Computer Tomography was taken once for radiographic stent alone and another
one for model and stent together. Implant planning was done using 3Diemme Real Guide Software
according to the position of teeth determined by the radiographic stent, the 2 anterior implants were
planned axially in the canine region. The two posterior implants in the model are tilted by 450 degrees
in the second premolar region while in the second model the posterior implants were tilted by 300degrees
also in the second premolar region. Two Surgical guides were 3D Printed, checked on corresponding
models for adaptation and accuracy.
Fixation of the surgical guides on the corresponding model was done after being sure that the surgical
guides are seated properly on both models. A tissue punch was used to remove the area of the silicon
layer at the drilling site. Drilling was performed by using Biohorizons guided drilling kit using the green
key and a full sequence of drilling burs to the selected implant size was used.
For both models four holes were drilled, two in canine regions with 10 mm depth, and two in second
premolar regions with 15 mm in depth on both sides. The Implants were selected from the Biohorizons
implant system, two implants measuring 3.8 mm diameter and 10 mm length were inserted in the canine
region, and two implants system measuring 3.8 mm diameter and 15 mm length were inserted in the
second premolar region in both models. The implants were inserted in the prepared sites and rotated
clockwise with a torque equals to 40 N. Complete implant insertion till the implant becomes flushed
with the epoxy resin model.
After implant placement was checked, from the connection set of Biohorizones, straight multiunit
abutments were tightened to anterior implants while 300 angled multiunit abutments were tightened to
posterior implants to achieve Parallelism between the abutment and ensure the passive fit of the
prosthesis. Plastic custom castable coping with hex driver was attached to anterior and posterior
multiunit abutments. Waxing up for metallic framework connecting four castable coping was done for
both models. After that casting, the wax-up was done using a casting machine to produce a metallic
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framework. The waxed framework was then spread in the casting ring. Then Casing ring was inserted
into the casting machine to produce a metallic framework.
Metallic frameworks were checked on the model to ensure passive fit, then a thin layer of metal opaquer
was placed over the metallic framework to mask the dark shade of metal. Later, overlay porcelain made
by conventional technique and contain holes for screws to attach the prosthesis to abutments was
fabricated, finished, and polished. Every prosthesis consists of twelve teeth ending with the first molar
teeth with fixed cantilever length in both restorations.

Fabrication of occlusal plate for load application:
The occlusal plate has been fabricated by making waxing up on the occlusal surface of the fixed
detachable prosthesis so that the wax-up takes the shape of the occlusal surface of the prosthesis and
adapted on it. After finishing the wax-up, it was placed in a casting machine and cast into a metal plate
which has one surface occluding with the prosthesis and another flat surface. A flat metal plate is placed
on top of the occlusal plate to apply load upon it.

Installation of strain gauge:
The strain gauges were used for this study with the specification according to the manufacture: For each
model four tunnels (3 mm in depth, 4 mm in width and 5 mm in length) were prepared at the top of the
epoxy resin model just around the implant surface parallel to the long axis of the implant in mesial,
distal, buccal and lingual surfaces, four strain gauges installed in each tunnel in the epoxy resin on the
surface which was toward the implants to measure the micro strains in the medium surrounding the
implant in model A and model B.
A strain gauge adhesive was used to cement the strain gauges on the epoxy resin parallel to the long
axis of the implant and held in their sites for 5 minutes. And the wires of the strain gauges were
connected to a digital multichannel strainmeter. The strainmeter was connected to a compatible laptop
containing the meter control software (EDX 10A).
Each of the two models placed on the base of the loading device of the universal testing machine and
then before running the test, the occlusal plate was put on the occlusal surface of the prothesis then
the strainmeter was balanced to zero. The point of load application was the center of the occlusal plate.
The forces were delivered to the flat surface of the occlusal plate using a loading pin (applicator) attached
to the digitalized testing machine. Both were placed with the fixed detachable prosthesis in its place in
a horizontal plane of the base of the loading device base and bilateral static 100 N vertical load was
applied. Also, both models were placed with the fixed detachable prosthesis in its place on the surface
of an oblique wooden segment which made the angle equal 35o with the applied load and bilateral static
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65 N oblique load was applied. The load is applied 10 times for each model vertically and obliquely to
ensure the reproducibility of the results with at least 5 minutes interval between the readings to allow
relief of formed strains before making the next reading.

Statistical analysis:
The microstrain data were collected of the present study was collected and tabulated and statistically
analyzed using the mean, standard deviation, and Student t-test to compare the mean of post-load
values between two groups. Statistical analysis was performed by using SPSS program version 20 (SPSS
Inc. Chicago, USA).

Results
The results showed the mean and standard deviation of the values recorded from the four strain gauges
at the buccal, lingual, mesial, and distal around each implant under bilateral 100 N vertical load and
65 N oblique load for Groups.
Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Vertical IMP AR

39.051

±

5.752

37.726

±

8.016

0.425

0.676

Vertical IMP AL

41.566

±

9.781

38.204

±

8.423

0.824

0.421

Differences

-2.515

±

13.148

-0.478

±

9.776

Paired Test

0.560

0.881

Table (1): Mean ±SD of microstrains around implants in both groups (regarding anterior implants
under vertical load)

From table (1) which compared both the groups regarding anterior implants under vertical load,
it was founded that:
1- In group A there is no significant difference between right and left anterior implants under vertical
load
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2- In group B there is no significant difference between right and left anterior implants under vertical
load
3- Comparing between both groups under vertical load, it is concluded that there is no significant
difference between both groups at both right and left implants

Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Vertical IMP PR

55.307

±

14.573

43.612

±

5.859

2.355

0.030*

Vertical IMP PL

57.997

±

12.524

43.805

±

4.434

3.378

0.003*

Differences

-2.690

±

21.894

-0.193

±

8.490

Paired Test

0.707

0.944

Table (2): Mean ±SD of microstrains around implants in both groups (regarding posterior implants
under vertical load):

From table (2) which compared between both groups regarding posterior implants under vertical
load, it was founded that:
1- In group A there is no significant difference between right and left posterior implants under vertical
load.
2- In group B there is no significant difference between right and left posterior implants under vertical
load.
3- it is founded that there is a significant difference between both groups under vertical load at both
right and left posterior implants with higher values assigned to Group A.
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Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Vertical Anterior

40.308

±

4.601

37.964

±

6.611

0.920

0.370

Vertical Posterior

56.651

±

8.049

43.709

±

2.995

4.765

<0.001*

Differences

-16.343

±

8.095

-5.745

±

7.040

Paired Test

<0.001*

0.030*

Table (3): Mean ±SD of microstrains around implants in both groups (regarding anterior and
posterior implants under vertical load):

Comparing both groups at anterior and posterior implants under vertical load is shown in table
(3) as follow:
1- In group A there is a significant difference between anterior and posterior implants under vertical
load.
2- In Group B there is a significant difference between anterior and posterior implants under vertical
load.
3- Comparing both groups shows a significant difference between posterior implants, while there is no
significant difference between anterior implants under vertical load.
Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Oblique IMP AR

46.005

±

12.504

41.347

±

13.365

0.805

0.431

Oblique IMP AL

48.657

±

12.589

41.025

±

15.515

1.208

0.243

Differences

-2.652

±

20.018

0.322

±

25.055

Paired Test

0.685

0.968

Table (4): Mean ±SD of microstrains around implants in both groups (regarding anterior implants
under oblique load):
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Comparing both groups regarding anterior implants under oblique load is shown in table (4) as
follow:
1- In group A there is no significant difference between right and left anterior implants under oblique
load.
2- In group B there is no significant difference between right and left anterior implants under oblique
load.
3- It is founded that there is no significant difference when comparing both groups at right and left
anterior implants under oblique load.
Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Oblique IMP PR

65.998

±

18.741

51.530

±

11.366

2.087

0.051*

Oblique IMP PL

68.826

±

17.912

54.266

±

13.100

2.075

0.053*

Differences

-2.828

±

26.403

-2.736

±

18.374

Paired Test

0.743

0.649

Table (5): Mean ±SD of microstrains around implants in both groups (regarding posterior implants
under oblique load):

Comparing both groups regarding posterior implants under oblique load shown in table (5) which
is:
1- In group A there is no significant difference between right and left posterior implants under oblique
load.
2- In group B there is no significant difference between right and left posterior implants under oblique
load.
3- Comparing between two groups at right and left posterior implants under oblique load, it is founded
that there is a significant difference between the implants with high values assigned to Group A.
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Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Oblique Anterior

47.331

±

7.566

41.186

±

7.261

1.853

0.080

Oblique Posterior

67.412

±

12.719

52.898

±

8.124

3.041

0.007*

Differences

-20.081

±

16.136

-11.712

±

13.249

Paired Test

0.003*

0.021*

Table (6): Mean ±SD of microstrains around implants in both groups (regarding anterior and
posterior implants under oblique load):
Comparing both groups at anterior and posterior implants under oblique load in the table (6)
showed that:
1- In group A, there was no significant difference between the anterior implants under oblique load
between both groups.
2- In group B, there was a significant difference between posterior implants under oblique load between
both groups.
3- Comparing both groups under oblique load, it is founded that there is no significant difference at
anterior implants while there is a significant difference at posterior implants.

Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Vertical Anterior

40.308

±

4.601

37.964

±

6.611

0.920

0.370

Oblique Anterior

47.331

±

7.566

41.186

±

7.261

1.853

0.080

Differences

-7.023

±

9.541

-3.222

±

3.921

Paired Test

0.045*

0.029*

Table (7): Mean ±SD of microstrains around implants in both groups (regarding anterior implants
under vertical and oblique load):
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Comparing between vertical and oblique forces between both groups is shown in table (7) and
showed that:
1- There is a significant difference between vertical and oblique loads between anterior implants in
Group A.
2- There is a significant difference between vertical and oblique loads between anterior implants in
Group B.
3- There is no significant difference between both groups under both vertical and oblique loads regarding
anterior implants.

Group
T-Test
Group A

Group B

Mean

±

SD

Mean

±

SD

t

P-value

Vertical Posterior

56.651

±

8.049

43.709

±

2.995

4.765

<0.001*

Oblique Posterior

67.412

±

12.719

52.898

±

8.124

3.041

0.007*

Differences

-10.761

±

15.350

-9.189

±

9.026

Paired Test

0.054*

0.011*

Table (8): Mean ±SD of microstrains around implants in both groups (regarding anterior implants
under vertical and oblique load):

Comparing between vertical and oblique forces between both groups is shown in table (8) and
showed that:
1- There is a significant difference between vertical and oblique loads between posterior implants in
group A.
2- There is a significant difference between vertical and oblique loads between posterior implants in
group B.
There is a significant difference between both groups under both vertical and oblique loads regarding
posterior implants

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 11)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
Discussion
Prosthetic treatment for completely edentulous patients shows great variation and that depends on
several factors. The huge improvement in technology of dental implants has made the replacement of
missing teeth with endo-osseous implants the standard care and an implant-supported prosthesis as
the first line of treatment (16).
The treatment of the atrophic edentulous maxilla is more complicated and requires more elective
procedures than are necessary for the mandible. Treatment protocols for implant-supported prostheses
advocating the insertion of tilted implants are gaining increasing acceptance in the literature (17,18).
This study has observed the stresses generated around implants in the all-on-four treatment concept
which uses the tilted implants protocols. The All-On-Four treatment concept allows the rehabilitation of
an atrophic edentulous jaw in a single operation and eliminating nerve transposition and/or bone
grafting procedures. Also, many biomechanical advantages are obtained by achieving a wide
anteroposterior distance, providing better load distribution in the occlusal plane, avoiding a long
cantilever distance, and increasing the bone-implant contact with the use of longer implants (19-21).
The two ready-made identical epoxy resin models were used to have an appropriate elastic modulus for
a bone analog material (22). It was also found to produce better results than plaster models used in
other studies (23). Using of mucosa simulating layer from flexible polyurethane to ensure simulation of
oral environment (24).
The surgical guides that were used in this research were manufacturing using CAD-CAM technology to
control implant position, angulation, and drilling depth. Virtual implant placement makes it possible to
account for anatomic limitations and visualize available bone relative to the ideal position of the final
restoration (25,26).
The radiographic stent was manufactured in this study to allows the placement of the implant along
planned prosthetic axes during surgery. A radiographic stent allows visualizing the planned implant
axis, position of the definitive prosthesis, emergence site, available space for the attachment
components, and thickness of the mucosa overlying the bone. (27,28)
The canine area was selected to be the site of implantation for anterior implants. Resorbed maxilla shows
the limitation of implant placement due to anatomical insufficiency especially posteriorly, this makes
the canine area is preferable for implant. (29)
The second premolar area was preferred in this study for posterior implantation to avoid penetration of
the maxillary sinus and consequently the need for extensive grafting. However, the first molar area may
be a key for implant position since the bite force doubles in a molar area when compared to the premolar
area. (30,31)
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Group A in this research has posterior implants with 45 degrees of tilt while group B has posterior
implants tilted by 30 degrees. This was planned according to different anatomic needs (anterior sinus
wall) for different patients, and allow the use of implants with a longer length, besides reducing the
extension of the cantilever by increasing the anterior-posterior (AP) distance. Furthermore, implant
tilting can contribute to the anchorage of the distal implant and support primary stability. The anterior
implants in both groups were planned to be placed vertically. (8, 32-34)
Straight multiunit abutments were used for anterior implants and 30 degrees angled multiunit
abutments were used for posterior implants to achieve good parallelism between abutments and ensure
the passive fit of fixed detachable prosthesis. (35)
In this study, the indirect fabrication technique was used via castable plastic cylinders for waxing up
the metallic framework and subsequent steps of prosthesis fabrication to makes sure for the accurate
passive fit of the prosthesis and reduce casting errors to minimum levels. Also, it helps to reduce fatigue
fracture of the prosthesis and improve fracture resistance. (36,37)
The cantilever length was designed to be the same in both casts. This was to neglect the effect of
increasing or decreasing the cantilever length on stress transmission to implants as cantilever length
generate different stress pattern around implants. (38)
In this study, tunnels were made at the sites of the strain gauge installation for gaining deeper insight
into the stress distribution at the implant-bone interface. (39-41)
Installation of the strain gauges was done from the top of the models because the cervical region of the
implant is the site where the highest stresses occur, regardless of the type of bone and the design of the
implant. (42,43)
The installation of strain gauges was done in prepared flat surfaces in the epoxy resin parallel to the
long axis of the implant fixture instead of placing it directly on the root surface or implant surface
because it is preferred to bond the strain gauge on a completely flat surface to minimize the possibility
of obtaining incremental apparent strain that results from mounting the strain gauge on a curved
surface. (44,45)
Using four strain gauges installed to the mesial, distal, buccal and palatal aspects to ensure proper
recording of all the stress around the implants. (46)
The occlusal plate was fabricated in a manner to occlude with restoration to ensure equal distribution
of forces on all implants and simultaneous loading on both sides of the prosthesis, so it allows to capture
the force in all the implants. (47,48)
A universal testing machine was used to deliver the load in this study. It is digital and easy to use.
Besides, it offers high accuracy position measurement, rapid data acquisition and full personal
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computer integration. Also, it allows the determination of stresses either compressive or tensile while
avoiding complications caused by the catching system of the samples. (49,50)
In this study, a bilateral vertical static load of 100 N and oblique static load of 65 N were applied (40).
Strain gauge studies in implantology generally use loads varying from 20 to 300 N. (39,44 50,51)
The load is applied 10 times for each model vertically and also obliquely to ensure the reproducibility of
the results and for the accuracy of the results, an interval of at least 5 minutes between each reading
was given to give a chance for heat dissipation from the strain gauge sensors and to allow relief of formed
strains before making the next reading. (52)
This study showed that there is no statistically significant difference between right and left implants
anterior implants in the same group. These results may be due to the loading was applied in the same
manner for the same group under both vertical and oblique load, also when comparing the two groups
with other we observed that there was no statistically significant difference between anterior implants
of both groups under both vertical and oblique loads as the load was distributed equally in the buccal,
palatal, mesial and distal surfaces around each vertical implant. (53)
When comparing right and left posterior implants, we observed that there is no statistically significant
difference between posterior implants of the same group under both vertical and oblique load as anterior
implants were observed. (53)
However, the results of this study showed that there is a significant difference between both groups
regarding posterior implants under both vertical and oblique loads. The stress is increasing in case of
increasing implant angulations from 30 to 45 degrees. These results were supported by Begg et al (54),
Silva et al (55), Cidade et al (56) who stated that increasing implant angulation may cause stresses to
increase around implants in every condition.
On the other hand, different researches (57-59) proved that there is an unexpected decrease in stresses
around 45 degrees tilted implants and they related it to decrease cantilever length of prosthesis that
counteract increased stresses due to increasing angulation. However, in this study cantilever length was
fixed in both models to eliminate the effect on cantilever effect.
This study showed that the least stress was found around two anterior vertical implants in comparison
to the two posterior tilted implants in the same group under both vertical and oblique loads, this is
supported by different studies who explained it by considering the angulations of the posterior implants
and the formation of bending moments at these sites which in turn distribute load unequally around
the implant causing stress concentration at cervical region of tilted implants. (53,60-62)
In the study performed by Begg et al (54) by using photoelastic analysis, it was concluded that there is
a notable difference between anterior and posterior implants in the case of tilting the posterior by 45
degrees while there is no notable difference is noticed between anterior and posterior implants in case
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of tilting implants by 30 degrees. The data obtained in the previous study are qualitative, unclear and
no statistical analysis was performed whether these observed differences are significant.
Also, when comparing both anterior implants between two groups under both vertical and oblique load,
it is founded that there is no significance between both groups regarding anterior implants. However,
the mean and stander deviation were higher in group A than in Group B. This can be referred to as
increasing tilt of posterior implants will increase stresses around anterior implants Therefore, not only
would the stress concentration in posterior implants be higher, but anterior implants would also be
subjected to higher amounts of stress. (61,62)
When comparing both posterior implants between two groups under both vertical and oblique load, it is
founded that both groups are significant regarding posterior implants. This is explained by different
researchers due to increased implant angulation which will subject tilted implants to higher stresses.
(55,56)
Results of this study showed that the stress was increased around implants in case of oblique loading
of force more than the vertical loading by a significant difference.
These results were supported by many studies which proved that the higher stress values of the oblique
loading compared to the vertical loading, could be attributed to the fact that the non-axial forces tend
to cause uneven stress distribution leading to areas of higher stresses and others of low stresses. it can
be concluded that occlusal contacts positioned laterally along the axis of the implant produce higher
stresses around the implant and contribute to peri-implant bone resorption. (39,63-65)

Conclusions
Within the limitations of this in-vitro study, it can be concluded that:
•

Without the cantilever influence, the 45° degrees of tilting lead to more stress than 30° degrees
of inclination around implants. Also increasing the tilt subject anterior implants to more stresses.

•

Tilting implants will cause more stress on fixtures than placing them vertically.

•

Whenever possible, avoid nonaxial loading on implants to reduce the number of forces over
dental implants.
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Figure (1): epoxy resin models

Figure (2): Surgical guide fit in both model
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Figure (3): implant planning in both models.
.

Figure (4): castable cylender coping placed on abutments.
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Figure (5): Try in of metallic framework

Figure (6): Conventional porcelain after finishing and polishing
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Figure (7): Occlusal Plate
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Figure (8): Measuring Vertical load

Figure (9): Measuring Oblique load

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 20)

Journal of MAR Dental Sciences (Volume 3 Issue 1)

Ethical approval and consent to participate
Not Applicable

Availability of data and material
The authors declare that they have full control over all data and materials of this study.

Funding
Not Applicable

Acknowledgments
Not Applicable

References
1.Bhering CLB, Henriques SE, Girundi F, Miranda M, Vasconcellos A. Full arch implant supported oral
rehabilitation to reestablish esthetic and function. Int J Clinic Dent. 2017; 10: 25-33.
2.El-Anwar MI, El-Zawahry MM, Ibraheem EM, Nassani MZ, ElGabry H. New dental implant selection
criterion based on implant design. Eur J Dent. 2017; 11:186-191.
3.Mericske-Stern RD, Taylor TD, Belser U. Management of the edentulous patient. Clinic O Imp R. 2000;
11:108-125.
4.El-Amier N, Elsaih E, Gibreel M, El-Motaiam H. Effect of Implant Location on Palateless Complete
Overdenture Retention: An In Vitro Study. J Oral Maxillofac Res. 2018; 9: 1-9.
5.Aparicio C, Perales P, Rangert B. Tilted Implants as an Alternative to Maxillary Sinus Grafting: A
Clinical, Radiologic, and Periotest Study. Clin Implant Dent Relat Res. 2001; 3:39-49.
6.Malo P, Rangert B, Nobre M. "All-on-Four" immediate-function concept with Branemark System
implants for completely edentulous mandibles: a retrospective clinical study. Clin Implant Dent Relat
Res. 2003; 5: 2-9.
7.Lyra D. All on four concept and predictability in edentulous jaws. Clinical oral implants research.
2018; 29:367-368.
Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 21)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
8.Maló P, de Araújo Nobre M, Lopes A, Francischone C, Rigolizzo M. "All-on-4" immediate-function
concept for completely edentulous maxillae: a clinical report on the medium (3 years) and long-term (5
years) outcomes. Clin Implant Dent Relat Res. 2012; 14:139-150.
9.El-Anwar MI, El-Zawahry MM, Ibraheem EM, Nassani MZ, ElGabry H. New dental implant selection
criterion based on implant design. Eur J Dent. 2017; 11:186-191.
10.Pjetursson BE, Tan K, Lang NP, Bra¨gger U, Egger M & Zwahlen M. A systematic review of the survival
and complication rates of fixed partial dentures (FPDs) after an observation period of at least 5 years. I.
Implant-supported FPDs. Clin Oral Implants Res.2004; 15: 625–642.
11.Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M, Lang NP. A systematic review of the 5year survival and complication rates of implant-supported single crowns. Clin Oral Implants Res.2008;
19: 119–130.
12.Abullais S, AlQahtani N, Kudyar N, Priyanka N. Success of dental implants: Must-know prognostic
factors. J Dent Imp. 2016; 6: 44-48.
13.Abdelfattah F, Elkafrawy M, Talep F. Comparative evaluation of two different implant lengths for
implant‑assisted complete mandibular overdenture. T Dent J. 2016; 17:139–146.
14.Abdelfattah F, Elhadad F, Kashef N. Clinical and radiographic comparative study between two
different types of clasps materials used in unilateral maxillary Kennedy class II removable partial
denture cases. T Dent J. 2016; 17:119–126.
15.Abdelfattah F. Comparative Study of Two Designs of Maxillary Implant-Supported Overdentures. Egy
Dent J. 2009; 55:1845-1856.
16.Gowd MS, Shankar T, Ranjan R, Singh A. Prosthetic Consideration in Implant-supported Prosthesis:
A Review of Literature. J Int Soc Prev Community Dent. 2017;7(Suppl 1):1-7.
17.Taruna M, Chittaranjan B, Sudheer N, Tella S, Abusaad M. Prosthodontic perspective to all-on-4®
concept for dental implants. J Clin Diagn Res. 2014; 8:16-19.
18.Sadowsky SJ. Treatment considerations for maxillary implant overdentures: a systematic review. J
Prosthet Dent. 2007; 97:340-348.
19.Penarrocha-Diago M, Zaragozí-Alonso R, Soto-Penaloza D, Ticare Consensus M. Consensus
statements and clinical recommendations on treatment indications, surgical procedures, prosthetic
protocols, and complications following All-On-4 standard treatment. J Clin Exp Dent. 2017; 9:712-715.
20.Peñarrocha-Oltra D, Candel-Martí E, Ata-Ali J, Peñarrocha-Diago M. Rehabilitation of the atrophic
maxilla with tilted implants: review of the literature. J Oral Implantol. 2013; 39:625-632.

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 22)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
21.Wentaschek S, Lehmann KM, Scheller H, Weibrich G, Behneke N. Polygonal Area of Prosthesis
Support with Straight and Tilted Dental Implants in Edentulous Maxillae. Int J Prosthod. 2016; 29:245252.
22.Lee CK, Karl M, Kelly JR. Evaluation of test protocol variables for dental implant fatigue research.
Dental materials: official publication of the Academy of Dental Materials. 2009; 25:1419-25.
23.Camardella L, Breuning H, Vilella OV. Are there differences between comparison methods used to
evaluate the accuracy and reliability of digital models? Dental Press Journal of Orthodontics. 2017;
22:65-74.
24.Ali H, Roodabeh K, Seyed G, Noorazar, Masoud H-B, Mehran H, Neda Y. Evaluation of strain in
mandibular denture-supporting area in three different occlusal schemes during jaw movements. J Dent
Res. 2017; 12:18-25.
25.Fortin T, Bosson JL, Coudert JL, Isidori M. Reliability of preoperative planning of an image-guided
system for oral implant placement based on 3-dimensional images: an in vivo study. Int J Oral Maxillofac
Implants. 2003; 18:886-893.
26.Colombo M, Mangano C, Mijiritsky E, Krebs M, Hauschild U, Fortin T. Clinical applications, and
effectiveness of guided implant surgery: a critical review based on randomized controlled trials. BMC
oral health. 2017; 17:150-159.
27.Kulkarni P, Bulbule N, Kakade D, Hakepatil N. Radiographic Stents and Surgical Stents in Implant
Placements: An Overview. IGCRR. 2019; 11:11-15.
28.Pal US, Chand P, Dhiman NK, Singh RK, Kumar V. Role of surgical stents in determining the position
of implants. Natl J Maxillofac Surg. 2010; 1:20-23.
29.joseph YK, Kitichai R, Kiyotaka U, Joh CK. Dimensions of Peri‐Implant Mucosa: An Evaluation of
Maxillary Anterior Single Implants in Humans. J Periodontol. 2003; 74:557-62.
30.Al-Ghafli SA, Michalakis KX, Hirayama H, Kang K. The in vitro effect of different implant angulations
and cyclic dislodgement on the retentive properties of an overdenture attachment system. J Prosthet
Dent. 2009; 102:140-147.
31.Widbom C, Soderfeldt B, Kronstrom M. A retrospective evaluation of treatments with implantsupported maxillary overdentures. Clin Implant Dent Relat Res. 2005; 7:166-172.
32.joseph YK, Kitichai R, Kiyotaka U, Joh CK. Dimensions of Peri‐Implant Mucosa: An Evaluation of
Maxillary Anterior Single Implants in Humans. J of Periodontol. 2003; 74:557-562.
33.Nawar N, Thabet Y. Clinical and radiographic assessment of different occlusal schemes in “All on 4”
concept. Egy D J. 2018; 64:2785-2792.
Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 23)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
34.Lopes A, Maló P, de Araújo Nobre M, Sanchez-Fernández E. The NobelGuide® All-on-4® Treatment
Concept for Rehabilitation of Edentulous Jaws: A Prospective Report on Medium- and Long-Term
Outcomes. Clin Implant Dent Relat Res. 2015; 17 Suppl 2:406-416.
35.Buzayan MM, Yunus NB. Passive Fit in Screw Retained Multi-Unit Implant Prosthesis Understanding
and Achieving: A Review of the Literature. J Indian Prosthodont Soc. 2014; 14:16-23.
36.Ganz SD, Desai N, Weiner S. Marginal integrity of direct and indirect castings for implant abutments.
Int J Oral Maxillofac Implants. 2006; 21:593-599.
37.Chang TL, Maruyama C, White SN, Son S, Caputo AA. Dimensional accuracy analysis of implant
framework castings from 2 casting systems. Int J Oral Maxillofac Implants. 2005; 20:720-725.
38.Bevilacqua M, Tealdo T, Menini M, Pera F, Mossolov A, Drago C, et al. The influence of cantilever
length and implant inclination on stress distribution in maxillary implant-supported fixed dentures. J
Prosth Dent. 2011; 105:5-13.
39.Hesham S, Abdelfattah F, Elguindy M. Comparative study of strain analysis between different designs
of maxillary implant assisted overdenture. Thesis submitted at Prosthodontics Department, Faculty of
Dentistry, Tanta University. 2019.
40.Ibrahim AB, El-sheikh MM, El-gendy MNM. comparison between stress distribution around straight
and tilted posterior dental implant with different lengths (in vitro study). M J Dent. 2017; 12:12-21.
41.Karl M, Wichmann MG, Winter W, Graef F, Taylor TD, Heckmann SM. Influence of fixation mode and
superstructure span upon strain development of implant fixed partial dentures. J Prosthodont. 2008;
17:3-8.
42.Dahab I, El-Gendy AA, Eltorky IR. In vitro stress analysis study of different prosthetic options using
single posterior implant for management of mandibular unilateral distal extension saddle. Tanta Dent
J. 2015; 12:7-15.
43.Tada S, Stegaroiu R, Kitamura E, Miyakawa O, Kusakari H. Influence of implant design and bone
quality on stress/strain distribution in bone around implants: a 3-dimensional finite element analysis.
Int J Oral Maxillofac Implants. 2003; 18:357-368.
44.Akca K, Cehreli MC, Iplikcioglu H. A comparison of three-dimensional finite element stress analysis
with in vitro strain gauge measurements on dental implants. Int J Prosthodont. 2002; 15:115-121.
45.El-Gendy AA. Micro-Strain Evaluation of Different Implant Positions Supporting Mandibular Bilateral
Distal Extension Partial Over Denture. Tanta Dent J. 2007; 4:39-46.

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 24)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
46.Kanazawa M, Minakuchi S, Hayakawa I, Hirano S, Uchida T. In vitro study of reduction of stress
transferred onto tissues around implants using a resilient material in maxillary implant overdentures.
J Med Dent Sci. 2007; 54:17-23.
Magdy EM, El Sayed. Stress analysis study of two treatment modalities rehabilitating distal extension
cases with few remaining natural teeth. C D J. 2008; 24:379-393.
47.Elsyad M. Effect of different attachments designs used for implant assisted mandibular distal
extension RPD. An in vitro study of stresses transmitted to abutment teeth. Mans J Dent. 2014; 1:12430.
48.Hegazy SA, Elshahawi IM, Elmotayam H. Stresses induced by mesially and distally placed implants
to retain a mandibular distal-extension removable partial overdenture: a comparative study. Int J Oral
Maxillofac Implants. 2013; 28:403-407.
49.Tang X, Nakamura T, Usami H, Wakabayashi K, Yatani H. Effects of multiple firings on the
mechanical properties and microstructure of veneering ceramics for zirconia frameworks. J Dent. 2012;
40:372-380.
50.Wanderley de Abreu C, Vasconcellos LG, Balducci I, Nishioka R. A comparative study of microstrain
around three-morse taper implants with machined and plastic copings under axial loading. Braz J Oral
Sci. 2016; 9:11-15.
51.Seong WJ, Korioth TW, Hodges JS. Experimentally induced abutment strains in three types of singlemolar implant restorations. J Prosthet Dent. 2000; 84: 318-326.
52.Cekic C, Akca K, Cehreli MC. Effects of attachment design on strains around implants supporting
overdentures. Quintessence international. 2007; 38:291-297.
53.Naini R, Nokar S, Borghei H, Alikhasi M. Tilted or Parallel Implant Placement in the Completely
Edentulous Mandible? A Three-Dimensional Finite Element Analysis. Int J Oral Maxillofac Implants.
2011; 26:776-781.
54.Begg T, Geerts G, Gryzagoridis J. Stress Patterns Around Distal Angled Implants in the All-on-Four
Concept Configuration. Int J Oral Maxillofac Implants. 2009; 24:663-671.
55.Silva G, Mendonça J, Lopes L, Landre Júnior J. Stress Patterns on Implants in Prostheses Supported
by Four or Six Implants: A Three-Dimensional Finite Element Analysis. Int J Oral Maxillofac Implants.
2010; 25:239-246.
56.Cidade C, Olate S, Pozzer L, Pimentel M, Nobilo M, Barbosa JRD. Stress Analysis in Maxillary AllOn-Four Model. Int J Odontostomatology. 2015; 9:205-211.

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 25)

Journal of MAR Dental Sciences (Volume 3 Issue 1)
57.Gümrükçü Z, Korkmaz YT. Influence of implant number, length, and tilting degree on stress
distribution in atrophic maxilla: a finite element study. Med Bio Eng Comp. 2018; 56:979-989.
58.Kilic E, Doganay O. Evaluation of Stress in Tilted Implant Concept with Variable Diameters in the
Atrophic Mandible: Three-Dimensional Finite Element Analysis. J Oral Implantol. 2020; 46:19-26.
59.Ozan O, Kurtulmus-Yilmaz S. Biomechanical Comparison of Different Implant Inclinations and
Cantilever Lengths in All-on-4 Treatment Concept by Three-Dimensional Finite Element Analysis. Int J
Oral Maxillofac Implants. 2018; 33:64-71.
60.Canay S, Hersek N, Akpinar I, Aşik Z. Comparison of stress distribution around vertical and angled
implants with finite-element analysis. Quintessence international. 1996; 27:591-598.
61.Özdemir Doğan D, Polat NT, Polat S, Şeker E, Gül EB. Evaluation of "all-on-four" concept and
alternative designs with 3D finite element analysis method. Clin Implant Dent Relat Res. 2014; 16:501510.
62.Deste G, Durkan R. Effects of all-on-four implant designs in mandible on implants and the
surrounding bone: A 3-D finite element analysis. Niger J Clin Pract. 2020; 23:456-463.
63.Saad A, Eskander AE, Elkerdawy MW, Fawzy SA. Stress Distribution with Different Implant
Dimensions in Implant-Supported Partial Overdentures. J Res Prac Dent. 2014; 2014:6-17.
64.Barbier L, Vander Sloten J, Krzesinski G, Schepers E, Van der Perre G. Finite element analysis of
non-axial versus axial loading of oral implants in the mandible of the dog. J Oral Rehabil. 1998; 25:84758.
65.Forero L, Castilla R, González Estrada O. Effect of force angle on the strain distribution of
osseointegrated dental implants. J Phys Conf Ser. 2019; 1388:12-22.

Citation: Eslam Abdelwahab Ahmed Dawood “Effect of Different Implant Angulation on Stresses Transmitted by Fixed
Detachable Prosthesis in All-on-Four Concept (In-vitro study)” MAR Dental Sciences 3.1
www.medicalandresearch.com (pg. 26)

