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Clinical Implications
This study suggests that gutta-percha or vinyl polysiloxane will be 
useful clinically to reduce microleakage, when sealing the access hole 
of a screw-retained implant prosthesis. 

Statement of problem. Current implant systems cannot completely prevent microleakage from the access holes of 
screw-retained implant prostheses, which may constitute risks to the clinical success of the implants.

Purpose. The purpose of this study was to evaluate the levels of microleakage through the access holes of screw-re-
tained implant prostheses sealed with different materials.

Material and methods. An implant with an internal hexagonal configuration was connected to a temporary abutment 
with an acrylic resin crown. The apical 6.5 mm of the access hole was filled with 1 of the following materials: cotton 
pellet, silicone sealing material, vinyl polysiloxane, or gutta-percha. The remaining coronal 3 mm was sealed with com-
posite resin. Cyclic loading with 21 N at 1 Hz was applied 16 000 times to the specimens in 0.5% basic fuchsin solu-
tion according to the long axis of the tooth. Basic fuchsin dye which penetrated into the internal wall of the abutment 
through the access hole was dissolved with methyl alcohol. Then the absorbance was measured by a spectrophotom-
eter at 540 nm to evaluate the degree of microleakage. The results were statistically analyzed with 1-way ANOVA and 
the Tukey HSD test.

Results. From greatest to least, the levels of microleakage were in the following order: cotton pellet, silicone sealing 
material, vinyl polysiloxane, and gutta-percha. The microleakage associated with gutta-percha was not significantly 
different from that of vinyl polysiloxane.

Conclusions. When sealing the access holes of screw-retained implant prostheses, gutta-percha or vinyl polysiloxane 
would help reduce microleakage. (J Prosthet Dent 2012;108:173-180)
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Implant prostheses are classified 
into screw-retained and cement-re-
tained implant prostheses. Because 
screws are used to connect the pros-
thesis to the implant, a screw-re-

tained prosthesis is relatively easy to 
use, safe, and effective. In addition, 
better retention is achieved even with 
short abutments as they may be easily 
retrieved when needed. Since cement 

is not used for retention, there is no 
associated risk of residual cement 
remaining around the implant. How-
ever, screws may loosen or fracture, 
and the abutment-implant (A-I) in-
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terface or the access holes may not be 
completely sealed. Incomplete sealing 
may lead to microleakage, resulting 
in bacterial growth and foul odor in 
the internal parts of the implants.1-4 
Quirynen and van Steenberghe5 dem-
onstrated significant quantities of 
microorganisms in the apical portion 
of 18 standard Brånemark abutment 
screws that had been in function for 
3 months. They explained the origins 
of those microorganisms were either 
from a microleakage at the A-I inter-
face and/or abutment-gold cylinder 
interface. Quirynen et al6 proved the 
existence of bacterial leakage along 
the components of the Brånemark 
implant system, both at A-I interface 
and from the access hole of the abut-
ment. Current implant systems can-
not safely prevent microbial leakage 
and the fluid diffusion, which contain 
bacterial byproducts or nutrients and 
work as a bacterial reservoir in the 
internal parts of implants, from bidi-
rectional microleakage.7,8 

Tarica et al9 reported that 5 ma-
terials were recommended for filling 
the screw access hole by U.S. dental 
schools. However, there is insufficient 
information on the effect of different 
sealing materials and methods on 
microleakage.10 Until now, clinicians 
have no option but to rely upon in-
dividual experience. Therefore, it is 
necessary to measure the levels of 
microleakage with different seal-
ing materials. Thus far, studies have 
been conducted to investigate the 
microleakage through the A-I inter-
face.3,6-8,11-17 However, the authors did 
not identify any study investigating 
the microleakage only through the ac-
cess hole of the implants. Only 2 stud-
ies were conducted to determine the 
effect of microleakage both at the A-I 
interface and from the access hole.6,11 
The authors concluded that the main 
pathway of bacterial penetration was 
through the access hole rather than 
through the A-I interface. 

Hermann et al12 and Broggini et 
al13 suggested that bacterial leak-
age at the level of alveolar bone was 
a major cause of chronic inflamma-

tion and marginal bone resorption 
around two-piece implants. How-
ever, less endotoxin penetration was 
observed for the Astra implants (As-
traTech Corp, Elz, Germany) than 
the Ankylos implants (Dentsply Fria-
dent, Mannheim, Germany) due to 
precise fit at the A-I interface.14 The 
hermetic seal provided by the locking 
taper connected implants, whose mi-
crogaps were less than 0.5 µm, may 
reduce the possibility of periimplant 
inflammation and infection, avoiding 
the penetration of outside bacteria to 
the internal parts of the connection.15 
External connection systems are 
more prone to microleakage through 
the A-I interface.14 To exclude the 
possibility of microleakage at the A-I 
interface and measure only the micro-
leakage through the access hole, the 
internal connection system in which 
microleakage through A-I interface oc-
curs less was used for this study. 

There are various ways to measure 
microleakage in implant systems. 
One method is using colored tracing 
probes to analyze outward microle-
akage photometrically.3,16 Another 
method is to analyze the inward 
or outward migration of bacteria 
such as Escherichia coli,7,17 Staphy-
lococcus aureus,11 Fusobacterium 
nucleatum,8 bacterial mixtures,5,6 
and endotoxin.14 However, to the 
authors’ knowledge, dye microleak-
age and bacterial penetration test-
ing with mechanical loading has 
rarely been used. 

In this study, a new experimental 
method to measure the absorbance 
using a spectrophotometer was ap-
plied to measure inward microleak-
age quantitatively. Basic fuchsin dye 
was allowed to penetrate into the 
specimen during masticatory simula-
tion of cyclic loading.17,18 Afterwards, 
the penetrated basic fuchsine dye was 
dissolved with a solvent, and the ab-
sorbance was measured to quantify 
the degree of microleakage of implant 
systems with internal conical connec-
tions. The purpose of this study was 
to evaluate microleakage of screw-
retained implant prostheses under cy-

clic loading with different sealing ma-
terials. The null hypothesis was that 
there is no difference in microleakage 
of the access hole with different seal-
ing materials under the experimental 
conditions of this study. 

MATERIAL AND METHODS

Implants with an internal coni-
cal connection (GS II RBM Fixture; 
Osstem Implant, Seoul, Korea) of 4 
mm in diameter and 10 mm in length 
were placed in a poly tetrafluoroeth-
ylene mold of 24 mm in diameter and 
20 mm in height. Autopolymerizing 
acrylic resin (Ortho-Jet; Lang Dental 
Mfg. Co, Wheeling, Ill) was applied to 
embed the specimen. The A-I connec-
tion of GS II implants has an 11 degree 
tapered 1-mm internal bevel and an 
1-mm high, 2.5-mm wide internal hex. 
Forty embedded implant specimens 
were fabricated.

The morphology of the implant 
prosthesis was based on a dento-
form maxillary right first molar (Ilshin 
Dental Mfg Co, Seoul, Korea) with a 
buccolingual width of 9 mm, a mesio-
distal width of 9.5 mm, and a height 
of 11.5 mm (Fig. 1A). To fabricate 
implant prostheses with the same size 
and shape, a template of the dento-
form tooth was duplicated with vinyl 
polysiloxane (Exafine Putty Type; GC 
Corp, Tokyo, Japan) to create the up-
per part of the template, and autopo-
lymerizing acrylic resin (Orthoplast; 
Vertex Dental, Zeist, Netherlands) 
was used to create the lower part of 
the template on which the temporary 
abutment was placed.

After placing a temporary abut-
ment (GS Temporary Abutment; Os-
stem Implant, Seoul, Korea) on the 
template, autopolymerizing acrylic 
resin (Tokuso Curefast; Tokuyama 
Dental Co, Tokyo, Japan) was injected 
to create an implant prosthesis with 
the same dimension of the maxillary 
right first molar. Forty screw-retained 
implant prostheses were fabricated.

Before filling the access hole, the 
implant prostheses were connected 
to the implants with 20-Ncm torque 
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according to the manufacturer’s in-
structions. To fill the access hole, 
conventionally used materials (cotton 
pellet, silicone sealing material, vinyl 
polysiloxane, and gutta-percha) were 
chosen. Forty specimens were divided 
into 4 groups of 10 each (Table I). Sili-
cone sealing material, vinyl polysilox-
ane, and gutta-percha were used as 
the experimental groups, while cotton 
pellet group served as a control. The 
depth of the access hole was 9.5 mm. 
The lower 6.5 mm was sealed with 
the sealing material assigned for each 
group. The following methods were 
used for each material: 1) cotton pel-
let was placed into the hole and com-
pacted with pressure to closely adapt 
to the access hole wall; 2) silicone 
sealing material was cut to 6.5 mm in 
length and placed in the access hole; 
3) vinyl polysiloxane was injected into 
the access hole with an auto-mixing 
gun with a microtip; and 4) gutta-
percha was laterally condensed with-
out sealer into the access hole. After 
filling the lower 6.5 mm, the upper 3 
mm was sealed with composite resin 
(Filtek Z250 Universal Restorative; 

3M ESPE, St Paul, Minn) (Fig. 1B). 
The fabricated specimens were 

placed in the chamber of the cyclic 
loading machine and completely im-
mersed in 0.5% basic fuchsin solu-
tion (Fuchsine basic; Junsei Chemical 
Co Ltd, Tokyo, Japan) (Fig. 2A). To 
simulate mastication, cyclic loading 
was applied parallel to the longitudi-
nal axis of the tooth at a point next 
to the access hole with a cyclic load-
ing machine (WON CLMC-04-1; Won 
Engineering, Iksan, Korea) (Figs. 2B, 
2C). The force placed on molars dur-
ing normal function is less than 21 N, 
and so the load was set at 21 N.19,20 If 
a person has 4 meals a day, occlusal 
contacts related to mastication oc-
cur 1800 times a day, while occlusal 
contacts due to deglutition occur 30 
times a day. In addition, non-meal-
related swallowing occurs 400 times 
during the daytime and 80 times dur-
ing the night. Therefore, occlusal con-
tacts occur 2310 times each day.21 To 
simulate 7 days of mastication, cyclic 
loading was applied 16 000 times at a 
1-Hz frequency (Fig. 2D).

After 16 000 cycles of loading, the 

following procedure was performed 
to dissolve the basic fuchsin. After re-
moving the acrylic resin from the im-
plant prosthesis, the outer surface of 
the temporary abutment was cleaned 
with high-pressure steam. Then the 
composite resin was removed from 
the access hole, and the basic fuch-
sin was removed with a microbrush 
soaked with methyl alcohol (Fig. 3). 
After the sealing material was re-
moved from each access hole, the in-
filtration pattern of the basic fuchsin 
was observed. The sealing material, 
temporary abutment, and screw were 
placed in a capped bottle with 3 mL 
of 99.8% methyl alcohol for 24 hours 
at room temperature, and the basic 
fuchsin that had penetrated through 
the access hole was dissolved. 200 µL 
was transferred from each bottle to 
secondary microvials and the absor-
bance was measured at 465 nm. 

The concentration of basic fuchsin 
that had penetrated the access hole 
was quantified by measuring the ab-
sorbance. As microleakage increased, 
more basic fuchsine infiltration oc-
curred, and the concentration of the 

 1  Schematic drawings representing: A, Structure of temporary implant prosthesis. B, Structure of screw-retained 
implant restoration connected to implant with sealed access hole.

A B

Cotton pellet

Silicone sealing material

Vinyl polysiloxane

Gutta-percha

Cotton pellet

EZ Seal

Regisil rigid

Dia-Pro

Brand Name

Richmond Dental, Charlotte, NC

MegaGen, Kyungsan, Korea

Dentsply Caulk, Milford, Del

DiaDent, Cheongju, Korea

ManufacturerMaterial

Table I. Sealing materials used in study
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extracted solution was increased. Ac-
cording to the Beer-Lambert law,22 as 
the concentration of the solution in-
creases, so too does the absorbance, 
thereby enabling the microleakage to 
be measured. An ELISA reader (Spec-
traMax 250; GMI Inc, Ramsey, Minn), 

which is a type of spectrophotometer, 
and analysis software (SoftMax Pro 
1.2; Molecular Devices, Sunnyvale, 
Calif ) were used to measure the ab-
sorbance of the extracted solution at 
540 nm.23 

For the statistical analysis, statis-

tical software (SPSS v12.0, SPSS Inc, 
Chicago, Ill) was used. To analyze the 
microleakage according to sealing ma-
terial, 1-way ANOVA was used, and a 
multiple comparison was performed 
with the Tukey Honestly Significant 
Difference (HSD) test (α=.05). 

 2  A, Specimen placed in device of cyclic loading machine. B, Schematic drawing of specimen dipped in dye under 
loading. C, Location of load on occlusal surface of specimen. D, Cyclic loading machine.

A

C

B

D

 3  Process to measure microleakage after cyclic loading: A, Specimen before removing acrylic resin from tempo-
rary implant prosthesis. B, After removing acrylic resin of implant prosthesis, outer surface of temporary abut-
ment was cleaned by high-pressure steam. C, After composite resin was removed from access hole, basic fuchsin 
was wiped out from site with methyl alcohol-soaked microbrush.

A B C



177September 2012

Park et al

RESULTS 

When the cotton pellets of the 
control group that showed largest 
amount of infiltration were removed, 
the bottom part of the cotton pellets 
were not discolored with basic fuch-
sin. This demonstrated that the only 
route of basic fuchsin infiltration was 
through the access hole (Fig. 4A). The 
neck of the temporary abutment was 
observed under magnification, and 
the basic fuchsin dye did not infiltrate 
further than the connection between 
the temporary abutment and the im-
plant (Fig. 4B). 

Through 1-way ANOVA, the effects 
of the access hole sealing materials 
were analyzed. There was a significant 
difference in absorbance among the 
different access hole sealing materials 
(df=3, F=135, P<.001). 

Gutta-percha had the lowest 
absorbance and vinyl polysiloxane 
showed the second lowest (P<.05). 
The absorbance of the vinyl polysi-
loxane was not significantly different 
from gutta percha (P=.14), or silicone 
sealing material (P=.195). The cotton 
pellet control showed the largest ab-
sorbance values, which were signifi-
cantly different from the other sealing 
materials (P<.05) (Fig. 5). 

DISCUSSION
 
This study was designed to investi-

gate the sealing ability against micro-
leakage through the access hole with 
different sealing materials in screw-
retained implant prostheses. Based 
on the results of this study, the null 
hypothesis that there is no significant 
difference in the levels of microleak-
age among different access hole seal-
ing materials was rejected.

The 5 materials most commonly 
used for filling the screw access hole 
in 62 U.S. dental schools are: cotton 
pellets (69%), composite resin (56%), 
rubber-based material (40%), gutta-
percha (35%), and Fermit (35%).9 
Most schools use 1 to 3 different ma-
terials to fill the screw access opening, 
with a maximum of 5 materials. The 

 4  A, Cotton pellet removed from access hole and tem-
porary abutment in control group. B, Magnified image of 
cervical neck of temporary abutment.

 5  Average absorbance according to access hole sealing ma-
terials. Superscripts with same letters were not significantly 
different by ANOVA and Tukey HSD Test at α=.05.
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materials used for this study such as 
cotton pellets and composite resin 
(29%); gutta-percha and composite 
resin (15%); and rubber-based mate-
rial and composite resin (10%) were 
actually being used clinically to fill the 
access holes in those schools.

Cotton pellets and composite res-

in, the most commonly used access 
filling materials, showed the highest 
optical absorbance. Cotton pellets 
only occupy the internal spaces and 
absorb all of the penetrated basic 
fuchsine dye. This is similar to clinical 
conditions where the amount of mi-
croleakage depends solely on the seal-



178 Volume 108 Issue 3

The Journal of Prosthetic Dentistry Park et al

ing ability of the composite resin, and 
may be associated with malodor.10 
Therefore, these materials should be 
used carefully as an access filling for 
implant abutment even under the ce-
mented crown.

Gutta-percha showed the lowest 
absorbance because it was softened 
and then condensed laterally with 
pressure to the access hole wall for 
better adaptation, and was not sig-
nificantly different from vinyl polysi-
loxane (P=.14). Both materials were 
flowable when placed into the access 
hole and hardened to achieve sealing. 
Although gutta-percha and vinyl poly-
siloxane use similar filling methods, 
gutta-percha showed lower degree of 
microleakage. This is because the pres-
sure was applied during lateral con-
densation to fill the access hole, and 
gutta-percha adapted more closely to 
the wall than vinyl polysiloxane.

The silicone sealing material 
showed the second largest absorbance 
and was not significantly different 
from vinyl polysiloxane (P=.195). The 
diameter of the silicone sealing mate-
rial is almost the same as the inner di-
ameter of the access hole. Therefore, 
when the silicone sealing material is 
placed in the access hole, the elastic-
ity of the silicone sealing material al-
lows the material to adapt closely to 
the wall of the access hole and achieve 
a sealing effect. The reason that vinyl 
polysiloxane showed less microleak-
age than the silicone sealing material 
is probably because vinyl polysiloxane 
is injected in a liquid form. Thus it 
has a chance to adapt more closely 
to the access hole, whereas a cylindri-
cally shaped silicone sealing material 
is simply filled into the access hole. 
The ability to reduce microleakage is 
dependent upon the sealing ability, 
and the sealing ability is determined 
by how closely the material can adapt 
to the access hole wall. If a fluid mate-
rial is to adapt closely to the wall, the 
material has to be injected with high 
pressure and then hardened.

In all specimens, it was verified 
that basic fuchsin had infiltrated only 
through the access hole and that the 

dye had not penetrated through the 
A-I interface. The possible bacterial 
leakage through the access holes have 
been previously reported in the stud-
ies of Quirynen et al6 and Guindy et 
al.11 Quirynen et al6 examined 2 dif-
ferent routes for bacterial penetration 
in vitro and their relative importance. 
The partially immersed A-I assemblies 
in a liquid medium inoculated with 
oral microorganisms allowed pen-
etration along the A-I interface, while 
completely immersed assemblies al-
lowed both the penetration along the 
abutment screw and the A-I interface. 
The authors reported completely im-
mersed A-I assemblies showed slightly 
more bacterial penetration than par-
tially immersed assemblies. The total 
number of colony-forming units in 
completely immersed A-I assemblies 
was 6.5 x 102 /mL, while 0.7 x 102/
mL in partially immersed assemblies. 
Guindy et al11 tested inward and out-
ward Staphylococcus aureus leakage 
through Ha-Ti implants with screw-
retained crowns and demonstrated 
that the main path of bacterial leak-
age were through the lingual trans-
verse screw hole and not through the 
A-I interface. The authors deduced 
that early bacterial penetration from 
the test specimens occurred through 
the hole for the transverse screw and 
more slowly through the A-I interface 
of the prefabricated crowns. In the 
present study, because the molecular 
weight of basic fuchsin is 337.86 g/
mol, smaller than any oral microorgan-
ism, inward dye penetration through 
the access hole would be easier than 
microorganisms. However, in their 
study, the crown was connected with 
the abutment using a gold screw or 
transverse screw, and the access hole 
was not sealed as it was in this study. 

The current study used an implant 
system with an internal conical A-I 
connection. This type of connection 
has the advantage of being tight and 
mechanically stable,14 which decreas-
es microleakage by precise fit and de-
creased micromovement between the 
abutment and the implant.7 However, 
Jansen and associates7 demonstrated 

that even internally connected im-
plant systems with a high degree of 
precision of fit between components 
could not completely prevent bacte-
rial penetration and colonization. The 
authors reported that mean A-I inter-
facial gap size of 1 µm for the Astra 
and the Straumann system and of 4 
µm for the Ankylos system. The au-
thors detected bacterial contamina-
tion in 50% of the Ankylos implants 
(8 of 16), in 69% of the Astra implants 
(11 of 16), and 96% of the Straumann 
implants (22 of 23) after 14 days of 
incubation in outward E coli leakage 
test. Steinbrunner et al 17 reported a 
somewhat different result. The au-
thors tested outward E coli leakage 
in 5 different implant systems during 
dynamic loading in a 2-axis chewing 
simulator. The internally inoculated 
A-I assemblies were immersed in a 
nutrient solution and loaded with 
1 200 000 cycles of 120 N in the mas-
ticatory simulator. The median masti-
catory cycles until E coli was detected 
in the respective surrounding solution 
were 43 200 for the Frialit-2 system, 
345 600 for the Camlog system, and 
24 300 for the Screw-Vent system. 
The Camlog System showed bacterial 
leakage at significantly higher num-
bers of masticatory cycles than the 
Frialit-2 (P=.004) or the Screw-Vent 
system (P=.005). They postulated 
that the length of the A-I joint could 
be a reason for differences in the bac-
terial penetration, and the design of the 
A-I connection of Camlog system would 
minimize micromovement and pump-
ing effects between the inside of the im-
plant and the surrounding periimplant 
sulcus. This study used an inward dye 
leakage test, and the occlusal surface 
was loaded with 16 000 cycles of 21 N. 
As a result, compared to Steinbrunner 
et al’s study,17 significant less leakage 
was seen at the A-I interface.

Testing for inward leakage bet-
ter represents the in vivo situation,3 
but both of the 2 studies using dye 
penetration were outward leakage 
tests and direct comparison with 
this study was difficult. Gross et al3 
assessed the degree of microleakage 
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at the A-I interface of 5 implant sys-
tems comparatively at various closing 
torques. Using 500 µL of gentian vio-
let (molecular weight 408) driven by 
a 2-atm pressure system, the outward 
microleakage of Straumann implants 
was measured spectrophotometri-
cally after 80 minutes, and the absor-
bance at 465 nm was 0.15 with 20 
Ncm torque and 0.067 with 35 Ncm 
torque. Coelho et al16 evaluated the 
sealing capability of the A-I connec-
tion of the 3 different implant systems 
through the in vitro quantification of 
the passage of a toluidine blue (TB). 
The authors placed 0.7 µL of TB in 
the deepest portion of implant’s in-
ternal screw, the abutments were con-
nected to the implants according to 
the manufacturer’s instructions and 
a spectrophotometric analysis was 
performed. After 144-hour incuba-
tion time, roughly 22% of the TB was 
released from the Intra-lock A-I con-
nections, 55% from the Straumann 
and 100% from the Replace Select im-
plants. They showed that the outward 
leakage as measured by dye monitor-
ing was significantly different among 
the groups. The intra-lock implant 
has a modified internal hexagon with 
tapered collar, which is similar to GS 
II implant in this study.

The results indicate that fluids 
and small molecules in the range of 
disaccharides and short peptides are 
passing through the access hole. Pre-
sumably in a clinical situation, dif-
fused fluids could also contain bacte-
rial byproducts or nutrients required 
for bacterial growth, contributing in 
part to clinically observed malodor.14 
While basic fuchsin had not penetrat-
ed at the A-I interface in this study, ex-
cessive occlusal forces on the implant 
crown during function may induce 
bending of or micromovement within 
the implant system, thereby increas-
ing the gap at the A-I interface and 
inducing a “pump effect” between 
the inside of the implant and the sur-
rounding periimplant tissue.17 

While the depth of 9.5 mm in 
screw access hole was the original 
size of temporary abutment and was 

not deteriorated for standardization 
of the specimens, a shallower access 
channel would most likely to have an 
increased microleakage. The cyclic 
loading with 16 000 cycles of 21 N at 
1 Hz used in this study showed limi-
tations in investigating the microleak-
age at the A-I interface. 

Within the limitations of the pres-
ent study, the levels of microleakage 
through the access hole in screw-
retained implant prostheses were 
influenced by the sealing material. 
Clinically, it is probably simpler to 
use cotton pellets or a silicone sealing 
material. However, when the possible 
complications related to microleak-
age are considered, it is clearly advan-
tageous to use gutta-percha or vinyl 
polysiloxane to seal the access hole. 
To further verify this in vitro study, 
bacterial leakage experiments and in 
vivo studies are needed.

CONCLUSIONS

The present study investigated 
microleakage through the access holes 
of screw-retained implant prostheses 
when the access holes were sealed with 
common clinical materials, such as cot-
ton pellet, silicone sealing material, vinyl 
polysiloxane, and gutta-percha. Within 
the limitations of this study, the follow-
ing conclusions were drawn: 

1. A new method using absorbance 
of basic fuchsin was able to measure mi-
croleakage of implant quantitatively.

2. Microleakage only occurred 
through the access hole. 

3. Gutta-percha showed the lowest 
level of microleakage and was not sig-
nificantly different from vinyl polysilox-
ane (P=.14).

Therefore, when sealing the access 
holes of screw-retained implant pros-
theses, gutta-percha or vinyl polysilox-
ane will help to reduce microleakage. 
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Effect of metal-ceramic or all-ceramic superstructure materials on stress distribution in a 
single implant-supported prosthesis: three-dimensional finite element analysis

Gomes EA, Barao VA, Rocha EP, de Almeida EO, Assuncao WG. 
Int J Oral Maxillofac Implants 2011;26:1202-9

Purpose: This three-dimensional finite element analysis study evaluated the effect of different material combinations 
on stress distribution within metal-ceramic and all-ceramic single implant-supported prostheses.

Materials and methods: Three-dimensional finite element models reproducing a segment of the maxilla with a miss-
ing left first premolar were created. Five groups were established to represent different superstructure materials: GP, 
porcelain fused to gold alloy; GR, modified composite resin fused to gold alloy; TP, porcelain fused to titanium; TR, 
modified composite resin fused to titanium; and ZP, porcelain fused to zirconia. A 100-N vertical force was applied 
to the contact points of the crowns. All models were fixed in the superior region of bone tissue and in the mesial and 
distal faces of the maxilla section. Stress maps were generated by processing with finite element software.

Results: Stress distribution and stress values of supporting bone were similar for the GP, GR, TP, and ZP models 
(1,574.3 MPa, 1,574.3 MPa, 1,574.3 MPa, and 1,574.2 MPa, respectively) and different for the TR model (1,838.3 
MPa). The ZP model transferred less stress to the retention screw (785 MPa) than the other groups (939 MPa for GP, 
961 MPa for GR, 1,010 MPa for TP, and 1,037 MPa for TR).

Conclusion: The use of different materials to fabricate a superstructure for a single implant-supported prosthesis did 
not affect the stress distribution in the supporting bone. The retention screw received less stress when a combination 
of porcelain and zirconia was used.

Reprinted with permission from Quintessence Publishing.
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