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Photoelastic analysis of all-on-four 
concept using different implants 
angulations for maxilla

Abstract: Conventional tilted implants are used in oral rehabilitation 
for heavily absorbed maxilla to avoid bone grafts; however, few research 
studies evaluate the biomechanical behavior when different angulations 
of the implants are used. The aim of this study was evaluate, trough pho-
toelastic method, two different angulations and length of the cantilever 
in fixed implant-supported maxillary complete dentures. Two groups 
were evaluated: G15 (distal tilted implants 15°) and G35 (distal tilted im-
plants 35°) n = 6. For each model, 2 distal tilted implants (3.5 x 15 mm 
long cylindrical cone) and 2 parallel tilted implants in the anterior re-
gion (3.5 x 10 mm) were installed. Photoelastic models were submitted to 
three vertical load tests: in the end of cantilever, in the last pillar and in 
the all pillars at the same time. We obtained the shear stress by Fringes 
software and found values for total, cervical and apical stress. The quan-
titative analysis was performed using the Student tests and Mann-Whit-
ney test; p ≥ 0.05. There is no difference between G15 and G35 for total 
stress regardless of load type. Analyzing the apical region, G35 reduced 
strain values considering the distal loads (in the cantilever p = 0.03 and in 
the last pillar p = 0.02), without increasing the stress level in the cervical 
region. Considering the load in all pillars, G35 showed higher stress con-
centration in the cervical region (p = 0.04). For distal loads, G15 showed 
increase of tension in the apical region, while for load in all pillars, G35 
inclination increases stress values in the cervical region.
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Introduction
The oral rehabilitation of atrophic edentulous maxilla with dental 

implants is limited by anatomic conditions. The anterior region has a 
sufficient alveolar crest while in the posterior area a severe bone resorp-
tion is present.1 This limitation is due to the reduced quantity and quality 
of bone available, as well as by the presence of pneumatized maxillary 
sinuses. In these cases, previous surgical maneuvers, such as interposi-
tion graft, obtained from a extra oral donor sites, in Le Fort I osteotomy, 
techniques of onlay bone graft or sinus lift procedures in the posterior 
maxilla, are necessary for obtaining bone structure that enables the place-
ment of implants.2,3,4,5 These techniques have limitations ranging from 
the need for multiple surgical procedures, greater morbidity, postopera-
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tive long interval for consolidation of the bone graft 
for continued rehabilitation.6 These factors decrease 
the acceptability of patients.

Some alternatives are used as zygomatic implants, 
short implants and/or angled ones, used to eliminate 
or reduce the need for graft procedures. Zygomatic 
implants require extensive surgical technique, train-
ing, detailed anatomical knowledge and skill, though 
the installation of angled implants does not require 
specific training beyond the traditional methods of 
implant placement.7 In addition it can result in pros-
thetic complications with difficult resolution.

The all-on-four concept consists of rehabili-
tation with fixed dentures supported by four 
implants, being two in the anterior region (vertical 
position) and two tilted in the posterior region. 
This technique was introduced in 2003 for man-
dible, and in 2005 for maxillary rehabilitations. 
The inclination was idealized to avoid anatomic 
obstacles, and to reduce the extension of cantile-
ver.8 This allows cases with severe resorption to 
be rehabilitated with reduce bone grafting pro-
cedures and enables immediate prosthetic reha-
bilitation of patients seeking a minimum surgical 
time with a reduced number of implants without 
losing the expectation of success in the treatment.9 
Tilted implants also allow an increase of length 
of implants and reduced cantilever extension10,11 
without difference in marginal bone loss and 
implant survival.12

The term tilted implants refers to implants placed 
at 15° or larger angles than the traditional vertical 
implants. This technique offers a rehabilitation treat-
ment with less morbidity and lower costs. Despite the 
advantages, the inclination of implants can change 
the stress behaviour at bone-implant interface.13,14,15 
The benefits and limitations of treatment with ver-
tical versus inclined mandibular implants, as well 
as planning with or without subsequent cantilever 
prosthesis have been widely discussed. However, 
biomechanical advantages associated with cantile-
vers in fixed prosthodontics and tilted implants in 
the maxilla are less well documented in the literature. 
Furthermore there is little knowledge about the more 
advantageous implant inclination angle. Thus, the 
aim of this study was to evaluate the stress distribu-

tion in distal tilted implants in all-on-four arrange-
ments with different angle of inclination (15° and 
35°) in maxillary rehabilitations.

Methodology
For this study, we manufactured a skull of 

polyurethane similar to a human by prototyping 
were the implants are installed (National Bone® 
Ltda., Jaú, Brazil). The implant arrangement was 
transferred to the models in photoelastic resin 
(1,500 kg GIV Polipox Flexible Silicone Rubber 
and ASB - 10 Blue - POLIPOX® Ltda., São Paulo, 

Brazil) plan, and without complex anatomy to 
permit stress analyses (Figure 1).

For this study, we used conventional implants 
from INP System (National Prosthetics Implant Sys-
tem - Porous treated, high-power cutting; micro coils 
Conus®, São Paulo, Brazil), cylindrical and conical in the 
apex, with external hexagon and 3.5 mm of diameter 
and 10 mm of length used to anterior region, and 15 
mm of length used to posterior region of the maxilla.

The samples were divided into two groups:
G15: 3 models with two conventional implants 

installed parallel in the anterior region (3.5x10 mm) 
connected by a laser welding titanium bar to two 
distal implants (3.5x15 mm) tilted with 15°, and 10 
mm bilateral cantilevers.

G35: 3 models with two conventional implants 
installed parallel in the region anterior (3.5x10 mm) 

Figure.1: Photoelastic model (GIV Flexible Silicone Rubber 
and ASB - 10 Blue - POLIPOX®).
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connected by a laser welding titanium bar to two dis-
tal implants (3.5x15 mm) tilted with 35°, and 8 mm 
bilateral cantilevers.

Photoelastic analysis
The photoelastic method can be applied from the 

simplification of complex models,16,17 where the forma-
tion of colors fringes allows the visualization of the 
stress behaviour.18,19,20 The models were analyzed from 
two sides (left and right). Qualitative analysis of the 
stress distribution was made using images obtained 
from circular polariscope. This unit was attached to 
a digital camera, which allowed the record of iso-
chromatic fringes produced at the time of loading. 
For application of the load, was did a V-shaped cut 
on a threaded bar which was screwed into the load 
cell. The load was applied gradually until the load 
of 0.50 kgf. This load was calculated in a previous 
pilot study based on the order formation of fringes 
to permit quantitative analysis on the software. To 
this, was made a model index with known dimen-
sions (25 mm length, 22 mm high, and 10 mm thick), 
and 15 points were determined around the implant 
for the analysis of maximum shear stress (T) in the 
program Fringes® (MATLAB® environment, UFU - 
Uberlândia, Brazil) (Figure 2).

Both sides of the models were analyzed and the 
plan face was positioned parallel to the polaroscope 
filters and camera lens (Canon EOS Rebel XS Digital 

SLR with telephoto lens Canon EF 100mm/2.8 USM 
– Canon®, Tokio, Japan). The machine was positioned 
on a tripod for the standardization of the photos. The 
load was applied three times in different conditions: 
A) in the end of cantilever, B) in the last pillar, C) in 
all pillars at the same time, with the help of a resin 
platform to exclude the cantilever influence (Figure 3). 
The presence of the fringes was observed after the 
impact of the loads and recorded for all samples. The 
fractional fringe order for the calculation of maximum 
shear stress was obtained by the program Fringes®.

The fringes are observed by isochromatic form 
where N = 0 (black), N = 1 (red blue - low intensity), 
N = 2 (red green - medium intensity), N = 3 (pink 
- high intensity).21 The results were tabulated and 
divided into: total stress experienced by the implant 
represented by all points, the cervical area, and the 
apical (Figure 2), for both groups. For statistical analy-
sis of quantitative data, was used the SAS (Statistical 
Analysis System 9.1, Institute Inc., Cary, USA) two-
way analysis ANOVA, with a significance level of 5%.

Results
There was no statistically significant difference 

between implant angles of 15° and 35° consider-
ing a medium of total stress for all kinds of load. 
When analyzing the stress distribution in the api-
cal region, there is a statistically significant differ-
ence between implants angle when considering a 

Figure. 2: Pre-determinate points around the implant in the 
apical and cervical region.

A
B

C

Figure. 3: Different load application to the both groups. A) the 
end of cantilever, B) the last pillar, C) all pillars at the same time.
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distal load (cantilever and the last pillar). In these 
situations of load, the G35 reduced the strain val-
ues. However, when the load was distributed in 
all pillars at the same time, there was no differ-
ence between the groups. For stress in the cervi-
cal region regarding loads in the cantilever exten-
sion or at the last pillar, there was no statistically 
significant difference between G15 and G35; how-
ever, there is a statistically significant difference 
considering the load distributed in all pillars at 
the same time. In this condition, the angle of 15˚ 
showed lower values of strain (Table 1).

Graph 1 represents the behavior of the two groups 
under load in the cantilever extension. This showed 
that the G15 concentrated more strain around the 
implant especially in the apical region (points 5, 6, 11, 
14 and 15). In Graph 2, represent the behavior of the 
both groups under load in the last pillar. The peak 
value is also for the G15 in the apical region (point 
11). However, when the load was distributed to all 
pillars, the behavior changed and the G35 showed 
the highest values, especially in the cervical points 
(2, 3, 4, 7, 8, 9, 12 and 13) (Graph 3).

Discussion
In this study was evaluated the stress distribution 

around the tilted distal implant in all-on-four con-
figurations, after three axial loads in a photoelastic 
model mimicking an edentulous atrophic maxilla. 

The photoelasticity technique allows the analysis of 
stress throughout the photoelastic model, providing 
the location of the concentrations of stress, being 
also indicated for complex systems.16,17 This method 
has been widely applied in dentistry by allowing 
direct observation of the stress distribution in struc-
tures due to the ability of some colorless materials 

to generate color patterns known as isochromatic 
fringes during loading and observed in polarized 
light.18,19,20,21 One limitation of this technique is the 
reproducibility of the physical characteristics of the 
peri-implant tissues, since the photoelastic model has 

Table 1. Shear stress mean to the two groups in three loads simulation.

Mean and standard deviation

Strain (N) Tilted implant 15˚ Tilted implant 35˚ p

Cantilever Total 485.5 ± 64.7 430.2 ± 126.7 0.36

Cervical 274.8 ± 61.8 262.6 ± 97.1 0.8

Apical 210.6 ± 24.5 167.6 ± 36.8 0.03#

Last Pillar Total 352.9 ± 60.6 326.8 ± 50.1 0.43

Cervical 180.9 ± 55.8 181.4 ± 46.7 0.9

Apical 172.0 ± 11.4 145.3 ± 22.4 0.02#

All Pillars Total 208.9 ± 24.8 233.0 ± 32.7 0.18

Cervical 101.9 ± 6.2 128.9 ± 22.9 0.04 *#

Apical 106.9 ± 24.0 104.0 ± 29.0 0.8

* Mann Whitney test.
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Graph 1. Stress behavior for points analyzed per group for 
load at the end of cantilever.
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homogeneous and isotropic properties, while bone 
has variations in the modulus of elasticity according 
to the region.22,23,24,25 However, this method is used to 
evaluate behavior and stress tendency on the reha-
bilitations of implants.

Tilted implants are a maneuver to avoid ana-
tomic limitations1 and allow the use of implants 
with longer length, besides reducing the extension 
of the cantilever.10,11 Despite this, a biomechanical 
study has concluded that the tilting of the implants 
induced a high stress level in bone-implant interface 
compared to parallel model.13,14,15 A 3D finite element 
analysis demonstrated that the increase of tension 
on the implants was proportional to the lengths of 
cantilever, which favors the use of tilted implants 
since they reduce the size thereof.11 However few 
studies compare different degree of inclinations or 
different load conditions. Considering the distal load 
was found that the increase of the implant inclina-
tion from 15° to 35° did not resulted in high stress 
values, without cervical or apical stress concentra-
tion. The length reduction of cantilever associated 
with the fixed prosthetic design involving angulated 
implants probably plays a key role in reducing peri-
implant tension around the implants.26 The higher 
the slope of the implant the smaller the cantilever, 
thus allowing greater distribution of forces and 
rehabilitation with more dental elements, favoring 
masticatory quality.27 Under cantilever load the G35 
had lower stress values while the G15 concentrated 

the stress in the apical region. The implant incli-
nation reflect directly in the cantilever extension 
and this can be influenced the reduction of stress 
values to G35 on distal loads. This is an advantage 
for high implant inclination. The load in the can-
tilever showed the highest values of strain for all 
analyses, this was expected since that the increase 
in the cantilever extension was proportional to the 
increase of tension.11

When submitted to this load model the lower 
inclination of the implant (15°) resulted in increase 
of the stress values in the apical region. Comparing 
the stresses in the apical region was observed that 
there are significant statistical differences between 
the angles, with the biggest stresses for the implant 
with the angulation of 15°, which seems to be not 
harmful. The oral access to implant insertion is easier 
with lower inclination and represents an advantage.

Nevertheless when the load was distributed by all 
pillars the G35 showed high values of stress especially 
in the cervical region. When this load was applied 
was not consider the cantilever extension because 
is concentrated in the abutments, and isolates this 
variable. The stress concentration in cervical region 
can be favorable to marginal bone loss. However, a 
1-year retrospective clinical study found no differ-
ence in the loss of marginal bone and a survival rate 
of 97.9% for tilted implants in the maxilla.12

A limiting factor is the inability to assess the pros-
thetic components in this experiment study allows us 
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Graph 2. Stress behavior for points analyzed per group for 
load in the last pillar.
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Graph 3. Stress behavior for points analyzed per group for 
load in all pillars simultaneously.
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not knowing if there is any reflection of these compo-
nents in this behavior, limiting the discussion. Was 
suggests that a lower inclination in distal implants 
allows a reduction in cantilever length, compared 
with parallel models, and leads the stress to the api-
cal region regardless of the type of loading. Beside 
this, the lower inclination is more clinically viable 
for surgical insertion.

Conclusion
This study showed that the increase of implant 

angle not necessarily result in the increase of stress 
around the distal implant. High implant inclination to 
reduce the cantilever extension can decrease the stress 
values on the distal loads. Without the cantilever influ-
ence 15° of inclination leds the stress to apical region 
while 35° concentrated more stress in cervical region.
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