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ABSTRACT

Assessing the effects on maxilla when using fixed vs. removable prosthesis on All-On-4®
protocol. This in-vitro study was conducted to compare stresses induced on distal implants in
All-On-4® concept, between digitally constructed removable overdenture and fixed bridge,
using strain gauge analysis. Four dummy implants were placed in their designed locations
according to the All-On-4® concept; in a 3D printed completely edentulous maxillary acrylic
cast. Multiunit abutments were secured to the implants. Two groups were defined: Group A:
in which the framework was cemented to the four titanium copings over the implants (Fixed
bridge). Group B: in which the same framework was picked up after relief was done and then
seated on the ball attachments (Removable overdenture). Stresses were measured using strain
gauges installed in their designed sites in the 3D printed cast. Loads of 100N were applied in
a vertical and oblique direction on the right molar area. Paired t test was used to compare
between two different load directions within the same group and unpaired t test was used to
compare between different groups. P-value < 0.05 was statistically significant. Group A with
vertical loads (532+9.2) and oblique loads (464+40.3) showed significantly higher stresses on
the supporting structures of the distal implants than group B with vertical loads (64 £7.75)
and oblique loads (41.5+2.42). Within group A, higher microstrains were recorded on the
distal implants in the loaded side in case of applying vertical loads (532+9.2) than in case of
oblique loads (464+40.3). Also, lower microstrains were recorded in the unloaded side in
case of vertical loads (21.5+2.42) than in case of oblique loads (43£2.58). Within group B,
higher microstrains were recorded in the loaded side in case of applying vertical loads
(64+7.75), than in case of oblique loads (41.5£2.42). Also, lower microstrains were recorded
in the unloaded side in case of vertical loads (10.5+1.58) than in case of oblique loads
(18.5£2.42). Within the limitations of this study, it could be concluded that, the distal
implants in the fixed bridge suffered higher loads than the removable overdenture.
Keywords: All-on-4 protocol, digitally constructed prostheses, Polyetheretherketone and
strain gauge.
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INTRODUCTION

Complete edentulism is a worldwide predicament, especially in age 65 and older, which still
represents a tremendous healthcare responsibility 23, This condition may lead to disabilities
and changes that cause poorer quality of life **. Conventional complete denture treatment has
previously been the standard of care for completely edentulous patients °.

7,8,9

Since Conventional dentures have many drawbacks™®, multiple literatures showed

significant improvements in the quality of life of edentulous patients treated with
osseointegrated dental implants® ®’.

Placing dental implants of standard length in atrophic edentulous is almost impossible to
place without needing complex surgical procedures such as bone augmentation, maxillary
sinus floor elevation, and inferior alveolar nerve trans-positioning >***41°¢ The problems
with these surgical procedures include: technical difficulties that require a skillful operator,
increased cost for patients, prolonged treatment time, and postoperative complications as
graft failure, infection, limited bone increase, and sinusitis.*"819:20.21:22.23

The All-On-4® concept is a savior in atrophic ridges as it maximizes the use of available bone

2021222324 - £yrthermore, All-On-4® implants reduce the

and allows immediate function
overall treatment time, cost, and patient morbidity as it does not require additional surgical
procedures as bone augmentation or a second stage surgery **. Implant prostheses are either
fixed (fixed bridges) or removable (removable overdentures). Each type of prosthesis uses

25,26

different attachments as the method of retention®°. Reactions of the supporting structures

around dental implants vary according to many factors such as: material of prosthesis,
amount of load exerted, type of occlusion and attachment type (fixed or removable) 2%,

The use of computer-aided design and computer-aided manufacturing (CAD/CAM)
technology introduced new materials in implant dentistry. When compared to conventional
manufacturing methods, these materials could be milled to fabricate dental prostheses
frameworks with more accuracy, precision of fit as it eliminates distortion and fewer

fabrication steps®®3-%2

The material for constructing complete implant overdenture
frameworks may affect the absorption and distribution of chewing loads on implants and may
influence the strain on surrounding bone *.

A modified Polyetheretherketone (PEEK) based polymer with 20% ceramic fillers called Bio
high performance polymer “BioHPP®” (Bredent® GmbH) has been recently introduced in
dentistry. BioHPP® provides excellent biocompatibility, good mechanical behavior, high-
temperature resistance, and chemical stability. It became very popular as implant overdenture
framework material due to its favorable properties®®,

This in-vitro study was conducted to compare stresses induced on distal implants in All-On-
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4® concept, between digitally constructed removable overdenture and fixed bridge, using
strain gauge analysis.

The first null hypothesis assumed that there is no difference in stresses around the distal
implants between the fixed bridge and removable overdenture.

The second null hypothesis assumed that there is no difference in stresses around the distal
implants between the application of vertical and oblique loads on either the fixed bridge or
the removable overdenture.

MATERIALS AND METHOD

This in-vitro study was conducted using a 3D model simulating a completely edentulous
maxillary arch with two parallel implants placed in the anterior region and two angulated
implants in the posterior region (All-On-4® concept) to support maxillary fixed and
removable prosthesis. A BioHPP® framework and polymethylmethacrylate “PMMA” crowns
were digitally fabricated on the model.

A scan of completely edentulous maxillary model, used for educational purposes, was done
via desktop scanner (3Shape® desktop scanner, Denmark), and then an STL file was
generated.

In this file four implant beds were designed by Meshmixer® software (Autodesk Inc.
California, USA) indicating the sites planned for the future implants with dimensions of
3.7x11.5 mm, two parallel vertical implants at equal distances from the midline between
upper canine and lateral incisor, two angulated implants at 30 degrees between upper second
premolar and first molar. In addition, two grooves were planned 1 mm distal to posterior
implants for the attachment of the strain gauge. A 2-mm layer thickness was planned in the
design on the model crest, which represented the future mucosa. The STL file was then sent
to the additive 3D printer device (Dent2 Mogassam, LLC Co. Cairo, Egypt) and the model
was printed.

Four crestal dummy implants (Reactive, Implant direct, USA) were inserted according to the
“All on 4” concept in their designed sites.

Undercuts in future mucosa site were blocked using modeling base plate wax. (Cavex set up
regular modeling wax, Holland). The 3D model was duplicated using dental stone (Elite
stone, Zhermack SpA, Italy). A hard vacuum clear stent was made closely fitting over the
stone model. An addition silicone material, Multisil-mask soft (Bredent, Senden, Germany)
was injected directly into the space of the future mucosa on the 3D model with the clear stent
in place until complete setting of the material.

Two straight and two 30 degree angled multiunit abutments were selected. The multiunit
abutments and fixed titanium copings (Reactive, Implant direct, USA) were screwed to the
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implants on the model. The model was scanned using 3D scanner (CS.NEO, CAD Star
Dental, Austria). The design of the BioHPP® framework was done using 3D software system
(Exocad®, GmbH, Germany). (Figure 1)

exocad
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Figure 1: Design of BioHPP framework on Exocad software
Dry milling (Roland DGA, Hamamatsu, Japan) of the BioHPP® blank (Bre.CAM, Bredent,
Senden, Germany) was done according to the 3D design. The holding sprues were separated
from the framework after milling. Finally, the framework was finished and polished. The
design of the crowns was done using software (Exocad GmbH, Germany) and then milled
using high-impact polymethylmethacrylate (PMMA) blank (Bredent, Senden, Germany).
The framework and fitting surfaces of the PMMA crowns were sandblasted with 110-um
grain Aluminum oxides at a pressure of 2 to 3 bar, then cleaned using alcohol and a clean
brush according to the manufacturer’s instructions. A thin coating of Visio. link (Bredent,
Senden, Germany) was applied and cured for 90 seconds in the Bre.Lux light polymerization
device (Bredent, Senden, Germany).
The PMMA teeth were cemented to the framework using dual cured resin cement (Panavia
SA cement. Kurary Medical Inc., Tokyo, Japan). The teeth were cemented guided by a
silicone key index made to accurately maintain teeth position during cementation.
Different shades of light cured Crea.lign composites (Bredent, Senden, Germany) were
applied to the framework to mimic gingival color and contour then light polymerized. A Bre.
Lux LED N2 hand lamp (Bredent, Senden, Germany) for fixation of the layers was used in
intermediate polymerization for 15 seconds. Final polymerization was done in the Bre.Lux
light-curing unit for 360 seconds for Crea.lign gingiva material. Finally, the framework was
finished by a tungsten carbide bur and polished with a goat-hair brush and Acrypol (Bredent,

Senden, Germany) or pumice. (Figure 2)
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Figure 2: The finished framework cemented to the titanium copings on the 3D printed
cast

The test groups were divided according to the type of attachment into:

Group A: The framework was cemented to the four titanium copings over the implants to be
tested as the fixed bridge.

Group B: The same framework was picked up after relief was done and then seated on the
ball attachments to be tested as the removable overdenture.

Two strain gauges (Kyowa electronic instrument co, LTD Tokyo, Japan) 1 mm in length,
2.4mm in width and 120-Ohm nominal resistance were installed in their grooves on the distal
aspect parallel to the long axes of the two posterior implants. All strain gauges were bonded
in position on the model with delicate layer of Cyano-Acrylate adhesive cement (Kyowa
electronic instrument co, LTD Tokyo, Japan). The cast with the prosthesis to be tested was
tightened into place following the manufacturer’s recommendations.

The titanium copings were sandblasted and cemented to the fitting surface of the prosthesis
using resin cement. The whole prosthesis was screwed to the multiunit abutments on the
model. The 3D model with the fixed bridge was placed on the lower metal plate of the

universal testing machine. (Figure 3)

Figure 3: The prosthesis seated on the universal testing machine ready for testing.
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Vertical unilateral load was applied using chisel shaped load applicator connected to the
universal testing machine. A load of 100 N was applied at the right first molar area. Fifteen
minutes were given to the strain gauges to be in zero balance and the same load was repeated
six times. The microstrains of the strain gauges were recorded to measure strains developed
at the distal walls of the terminal implants during vertical unilateral load application. Finally,
the microstrain readings were transferred to microstrain units from the four-channel strain
meter.

The same steps were repeated for oblique unilateral loading after placing the model on a
dental surveyor table angled 45 degrees.

The fixed bridge was unscrewed from the multiunit abutments using screwdriver. The
titanium copings were removed from the fitting surface of the prosthesis using a small sized
straight fissure bur. The ball attachments with their nylon caps (Reactive, Implant direct,
USA) were fixed to the multiunit abutments. Proper relief was done in the fitting surface of
prosthesis using an acrylic stone to create space for ball attachments and nylon caps.
Undercuts were blocked using Liquidam material (Opaldam, Ultradent, South Jordan). The
framework was picked-up by minimum shrinkage pick up material (Tokuyama Rebase II
Fast, Tokuyama Dental Corp., Japan). Finally, finishing and polishing was done.

The same steps of testing the fixed bridge were repeated for the removable overdenture.
Statistical Analysis

The results were collected and statistically analyzed. The collected data were tested for
normality by checking distribution of data and calculating the mean values. Numerical data
were presented by mean and standard deviation (SD). Paired t test was used to compare
between two different load directions within the same group and unpaired t test was used to
compare between different groups. The significance level was set at P < 0.05.

RESULTS AND DISCUSSION

I. Effect of vertical and oblique unilateral loads on the distal implant supporting
structures within group A:

Within group A (fixed bridge), higher microstrains were recorded on the distal implants in
the loaded side in case of applying vertical loads (532+9.2) than in case of applying oblique
loads (464+40.3)

Furthermore, lower microstrains were recorded in the unloaded side in case of vertical loads
(21.5£2.42) than in case of oblique loads (43+2.58). However by using t-test, these

differences were statistically significant. (Table 1)
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Table 1: Means, standard deviations and P-values of t-test for microstrains after

vertical and oblique unilateral loads within group A.

Vertical load Oblique load
Mean SD Mean SD  P-value
Group A Loaded Side 5325 9.2 464 40.3 <0.001
Unloaded Side 21.5 242 43 2.58 <0.001
Il. Effect of vertical and oblique unilateral loads on the distal implant supporting

structures within group B:

Within group B (removable overdenture), higher microstrains were recorded on the distal
implants in the loaded side in case of applying vertical loads (64+7.75), than in case of
applying oblique loads (41.5+2.42). Furthermore, lower microstrains were recorded in the
unloaded side in case of vertical loads (10.5+1.58) than in case of oblique loads (18.5+2.42).
However by using t-test, these differences were statistically significant. (Table 2)

Table 2: Means, standard deviations and P-values of t-test for microstrains after
vertical and oblique unilateral loads within group B.

Vertical load Oblique load
Mean SD Mean SD P-value
Group B Loaded Side 64 7.75 415 2.42 <0.001
Unloaded Side 10.5 158 185 2.42 <0.001
I11. Effect of vertical unilateral load on the distal implant supporting structures in both

groups:
During vertical unilateral load higher microstrains were recorded on the distal implant in the
loaded and unloaded sides, in case of the fixed bridge (532+9.2) and (21+2.42) respectively,
than in case of the removable overdenture (64+7.75) and (10.5+1.58) respectively. However,
by using t-test these differences were statistically significant. (Table 3)

Table 3: Means, standard deviations and P-values of t-test for microstrains after

vertical unilateral loads on both groups.

Group A Group B
Mean SD Mean SD P-value
Vertical load Loaded Side 5325 9.2 64 7.75 <0.001
Unloaded Side 215 242 105 158 <0.001
V. Effect of oblique unilateral load on the distal implant supporting structures in both

groups:
During oblique unilateral load higher microstrains were recorded on the distal implant in the
loaded and unloaded sides, in case of the fixed bridge (464+40.3) and (43+2.58) respectively,
than in case of the removable overdenture (41.5+2.42) and (18.5+2.42) respectively.
However, by using t-test these differences were statistically significant. (Table 4)
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Table 4: Means, standard deviations and P-values of t-test for microstrains after

oblique unilateral loads on both groups.

Group A Group B
Mean SD Mean SD P-value
Oblique load Loaded side 464 403 415 242 <0.001
Unloaded side 43 258 185 242 <0.001

Some patients were reported to benefit more from removable implant overdenture prosthesis
than a fixed prosthesis. For example, elderly patients who have difficulty performing oral
hygiene measures and patients with parafunctional habits as the denture is removed at night
which, decreases stresses to the implants and bone®=*%"*® Moreover, removable prostheses
are more easily repaired in comparison to fixed ones®’. However, several studies reported that
overdentures needed adjustments and corrections after delivery of the prostheses. The most
commonly identified issue was the loosening of the retentive mechanisms*°.

The All-on-4 concept was used in this study as it has many biomechanical advantages. These
advantages include increasing Antero-posterior (AP) spread, better load distribution
alongside cross-arch stabilization, shorter cantilever, using longer implants by tilting them
posteriorly, and preventing excessive forces that may cause marginal bone loss **,

The implant prosthesis framework was digitally constructed via CAD/CAM technology as it
produces prosthesis with superior qualities compared to conventional methods of
fabrication*?**,

In this study, the stresses induced by the removable prosthesis were lower when compared to
the fixed prosthesis during vertical and oblique forces. This result may be due to the resilient
ball attachment in the removable prosthesis that allows movement of the prosthesis and,
therefore, dissipation of forces falling on the implants. This result is consistent with the

clinical study by Mazaro et al*

that using O-ring attachments distributes the load and
decreases the load around implants compared to fixed implant overdentures. Moreover, the
result mentioned was following Nogueira et al.**, who reported lower tensile stresses on
implant-supported overdenture, despite an increased risk of prosthesis fracture and more
frequent maintenance visits. This result was also confirmed by Suzuki Y. et al.*, who
concluded that using a stress-breaking ball attachment in implant overdentures distributes the
occlusal force equally between implants and residual ridge.

On the contrary, the fixed attachment does not allow such movement due to the minimal
resilience of the cement holding the restoration. It was reported that there is an uneven force
distribution on implants in the fixed implant-supported prosthesis, with higher stress
concentration in the bone-implant interface adjacent to the cantilever extension®’. It has been

proposed that an excessive force on the bone may lead to bone loss around implants “®. More
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recent studies reported that peri-implantitis and prosthesis complications occurred with fixed
implant overdentures and both increased over time specifically after ten years “°.

In this study, the vertical loads falling on the distal implants on the loaded side were higher
than the oblique loads in both groups. This result can be explained by a rule of mechanics that
states™”: Any force can be resolved into two components, which are either perpendicular to or
inclined to each other.” So, the vertical forces are primarily transmitted axially to the distal
surface of implant supporting structures. In contrast, the oblique forces are resolved into two
components vertical and horizontal, which decreasing the stresses on the implant supporting
structures.

1.7, which concluded that the

A different finding was found in a study by Sedat Guven et a
stress values with oblique loading forces were higher than with vertical loading forces for the
implants and the zirconia frameworks. Furthermore, the zirconia frameworks showed higher
stress values than the titanium structures. This result could be explained by the fact that
zirconia has a higher elastic modulus than titanium. The difference in our current study could
be explained by the fact that BioHPP® used has a lower elastic modulus than zirconia and has
an off-peak property as it offers an elastic behavior close to that of bone and reduces
detrimental stresses on implants®®. Considering the fact that vertical stresses along the long
axis of implants are less harmful than oblique stresses®>.

Based on the previous findings, the first null hypothesis of this study is rejected because the
stresses on the distal implants in the fixed bridge were higher statistically compared to the
removable overdenture.

Additionally, the second null hypothesis is rejected because the stresses on the distal implants
on the loading side when applying vertical loads were higher statistically than when applying
oblique loads in both groups.

CONCLUSION

Within the limitations of this study, it could be concluded that the use of removable
prosthesis might be more favorable than using fixed bridges when All-On-4® protocol was
used.
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