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ABSTRACT

Purpose: The purpose of this study was to evaluate stress transfer patterns between implant–tooth-connected prostheses
comparing rigid and semirigid connectors and internal and external hexagon implants.

Materials and Methods: Two models were made of photoelastic resin PL-2, with an internal hexagon implant of
4.00 ¥ 13 mm and another with an external hexagon implant of 4.00 ¥ 13 mm. Three denture designs were fabricated for
each implant model, incorporating one type of connection in each one to connect implants and teeth: 1) welded rigid
connection; 2) semirigid connection; and 3) rigid connection with occlusal screw. The models were placed in the polari-
scope, and 100-N axial forces were applied on fixed points on the occlusal surface of the dentures.

Results: There was a trend toward less intensity in the stresses on the semirigid connection and solid rigid connection in the
model with the external hexagon; among the three types of connections in the model with the internal hexagon implant,
the semirigid connection was the most unfavorable one; in the tooth–implant association, it is preferable to use the external
hexagon implant.

Conclusions: The internal hexagon implant establishes a greater depth of hexagon retention and an increase in the level of
denture stability in comparison with the implant with the external hexagon. However, this greater stability of the internal
hexagon generated greater stresses in the abutment structures. Therefore, when this association is necessary, it is preferable
to use the external hexagon implant.
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INTRODUCTION

Fixed partial implant-supported dentures are an efficient

treatment alternative for patients with missing tooth

elements. However, anatomic limitations, osseointegra-

tion failure, or teeth with compromised periodontium

requiring ferrulization could create a situation in which it

would be necessary to connect an implant and a natural

tooth by means of a fixed partial denture.

In spite of the tooth–implant connection being

indicated in the above-mentioned situations, there are

divergences of opinion related to this type of treatment,

normally associated with difference in the mobility of

teeth when compared with osseointegrated implants.1–10

Some researchers have found that tooth- and

implant-supported dentures are as predictable a treat-

ment as dentures supported by implants only, but for

this purpose, the connection should be of the rigid

type.3,8,9,11,12 However, confirming the predictability of

the treatment, other researchers indicate the semirigid

connection,1,10 in spite of this type of connection being

related to intrusion13–16 and increased stress values in the

implant and denture.17,18

In the literature, studies were also found related to

soft and hard tissues around the implants and teeth,
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when these were connected to the fixed partial dentures.

The authors observed that there was no significant nega-

tive influence on these tissues.3,7,8,12,19–23

Contrary to the above-mentioned studies, implant-

and tooth-supported dentures are associated with stress,

increased moments, and/or damaging extraction forces

on the abutments. It is therefore presumed that they

should be avoided, as there is no universally accepted

system capable of reproducing the shock-absorbing

effect of the periodontal ligament.5,15,24–27

For a good treatment plan, it is necessary to verify

not only the system that satisfies the patient’s aesthetic

and functional requirements but the one that also guar-

antees the stability of screw-retained dentures. Generally

speaking, from a biomechanical point of view, the

design of the internal hexagon implant establishes a

greater hexagon retention depth and an increase in the

level of stability of these dentures, in comparison with

the external hexagon implant.28–30 However, Cehreli and

colleagues,31 using the photoelastic stress analysis, con-

cluded that these implants have similar force distribu-

tion characteristics and that the design of an abutment–

implant connection is not a decisive factor affecting the

magnitude of stress and tension in a bone simulator.32

To have a better understanding of the influence of this

clinically relevant parameter, the time-dependant bone

reactions around implants must be examined with

well-controlled in vivo experiments under load.33

The aim of this study was to assess the stress distri-

bution between implants and teeth in fixed partial den-

tures, to compare rigid and semirigid connectors and

internal and external hexagon implants, by means of the

photoelasticity method.

MATERIALS AND METHODS

Fabrication Master Model

For this study, an experimental dentistry mannequin

was used. It was duplicated then and prepared for a

complete metal-ceramic crown in the lower-right and

left second premolar region, which would serve as abut-

ments for the prosthesis. Perforations were made in the

regions corresponding to the lower-right and left second

molars with the use of a delineator, accompanying the

parallelism of the lower second premolar preparations.

Afterward, the set formed by the implant analog with a

4.1-mm platform (3i, Palm Beach Gardens, FL, USA)

connected to the square transfer molding (3i) was fixed

in the perforations with Duralay with the use of a delin-

eator (Figure 1). Next, the model was molded with

duplication silicone to obtain the mold.

Photoelasticity Method

Photoelastic materials with different modules of

elasticity were used to represent the teeth (resin PL-1;

Measurements Group, Inc., Raleigh, NC, USA) and

the mandible body (resin PL-2; Vishay Micro-

Measurements, Raleigh, NC, USA).

After making the teeth with photoelastic resin PL-1

from a silicone matrix of each artificial tooth (right and

left mandibular canines and first premolars), the teeth

were placed in the silicone mold.

The external hexagon implant, 4.00 mm in diameter

and 13-mm long, with a 4.1-mm platform (3i), was also

adapted in the mold in the right mandibular second

molar region, and the internal hexagon implant,

4.00 mm in diameter and 13-mm long, with a 4.1-mm

platform (3i), in the left mandibular second molar

region.

Correct seating of the components was verified, and

the photoelastic resin PL-2 was poured, thus obtaining

the final model (Figure 2).

After obtaining the photoelastic model, it was pho-

toelastically tested in order to verify whatever stress

could have occurred while it was being made, to guar-

antee that there would be no interference in the final

results. Conventional techniques were used to fabricate

Figure 1 Model with the lower right and left second premolar
prepared and the square copings connected to the implant
analogs.
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the fixed prostheses. A silicone matrix was used so that

their dimensions were constant.

Fabrication Frameworks

All the fixed prostheses were made of a palladium-silver

alloy (Porson IV®; Degussa, Düsseldorf, Germany),

using UCLA-type abutments (3i). The occlusal surfaces

were flattened so that the cuspids would not interfere in

the direction of the load.

After welding (DeguDent, Hanau, Germany), the

frameworks were evaluated to verify the fit and passivity

of placement in the photoelastic model.

Three frameworks were fabricated for each implant

model, incorporating one type of connection in each

one: 1) solid rigid connection; 2) semirigid connection

located in the mesial position of the implant (Attach-

ment PDC™ small; Attachments International, Inc., San

Mateo, CA, USA); and 3) rigid connection with occlusal

screw between the implant and the pontic (Tube

Screw™; Attachments International, Inc.).

The prostheses were cemented one by one with tem-

porary cement (Temp Bond®; Kerr Corp., Orange, CA,

USA), and the photoelastic model was placed in a load

applicator device. The set was put into a glass receptacle

with mineral oil until the model became completely

immersed, with the object of minimizing refraction

from the surface and facilitating photoelastic observa-

tion. The receptacle was placed between a polarizing

filter and an analyzer filter. A light diffuser was coupled

to the polarizer filter, which allowed a source of white

light (Photoflood®; General Electric Co., Cleveland,

Ohio, USA) to fall uniformly on the receptacle with the

photoelastic model. The analyzer filter was coupled to a

digital photographic camera (Nikon D70™, Nikon Cor-

poration, Tokyo, Japan) to capture the images. Next, the

100-N axial load applications began at fixed points on

the prostheses surfaces, on the regions that would cor-

respond to the lower second premolars (tooth), first

molars (pontic), and second molars (implant).

Analysis of the Results

The stress resulting on all areas of the photoelastic

model was monitored and recorded photographically,

and subsequently seen with a computer graphic

program (Photoshop 7.0®; Adobe Systems, San Jose, CA,

USA) in which it could be better visualized and qualita-

tively analyzed.

RESULTS

Analyzing the denture where the external hexagon

implant and semirigid connection (HE-SR) were used, it

was observed that when the load was applied on the

tooth, a greater stress concentration on its apical third

and no fringe formation on the implant occurred. When

the load was applied on the pontic, the fringe formation

region was the same on the tooth but in less quantity; on

the implant, the beginning of fringe formation in the

apical region was perceived. When load was applied on

the implant, the fringes on the tooth disappeared and

increased in an accentuated manner in quantity and

intensity on the implant, also presenting yellow and red

fringes (Figure 3).

With regard to the screwed rigid connection and

the external hexagon implant (HE-RS), when load was

applied on the tooth, fringes were generated in the

mesial, distal, and apical regions of the tooth and

implant. However, the greatest intensity occurred in

the mesial region of the implant, characterized by the

appearance of red fringes. When the load was applied on

the pontic, the red fringes diminished in the mesial

region and increased in the apical region of the implant;

furthermore, the blue fringes in the distal region disap-

peared, and yellow fringes appeared in the apical third of

the mesial region of the implant. When analyzing the

load applied on the implant, it was verified that the

fringes on the teeth disappeared, and yellow and red

fringes, characteristic of high stress concentration,

formed around the entire implant (Figure 4).

Figure 2 Photoelastic models: external hexagon (left); internal
hexagon (right).
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In the solid rigid connection and the external

hexagon implant (HE-RW), fringe formation in the

mesial and apical regions and in the entire distal region

of the tooth were verified when load was applied to it,

without fringe formation on the implant. When the load

was applied on the pontic, it was verified that there was

a reduction of fringes in the mesial and distal regions of

the tooth, with the beginning of fringe formation in the

apical region of the implant. Finally, when the load was

applied on the implant, almost complete disappearance

of the fringes, especially yellow and red, was verified in

its apical and distal regions (Figure 5).

With regard to the internal hexagon implant and

semirigid connection (HI-SR), it was observed that

when the load was applied on the tooth, there was fringe

formation in the mesial, disto-cervical, and disto-apical

regions of the tooth, whereas on the implant, there was

fringe formation only in the disto-apical region. After

the load was applied on the pontic, it was verified that

the fringes in the disto-apical region of the tooth

increase and those in its disto-cervical region dimin-

ished. On the implant, an increase in fringe formation

was also perceived in its disto-apical region. Lastly, when

the load was displaced to the implant, it was perceived

that fringes on the tooth diminished in the mesial region

and disappeared in the disto-cervical region. Whereas

on the implant, there was an increase in fringes and,

consequently, in stresses in all the regions (Figure 6).

With the internal hexagon implant and screwed

rigid connection (HI-RS), it was verified that after load

application on the tooth, there was fringe formation,

including red ones, and stress concentration in its mesial

and disto-cervical regions, and absence of stress on the

implant. However, when the loads were applied on

the pontic, these fringes diminished on the tooth and

appeared on the implant, especially in its apical and

disto-apical regions. When the loads were directed onto

the implant, it was perceived that the fringes in the

Figure 3 Model external hexagon implant and semirigid connection: application of load: (A) tooth; (B) pontic; (C) implant.

Figure 4 Model screwed rigid connection and the external hexagon implant: application of load: (A) tooth; (B) pontic; (C) implant.
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mesial region of the tooth diminished but increased in

the distal region, especially in the apical and middle

thirds. Whereas on the implant, a clear increase in

fringes, especially in the apical third of the mesial region

was perceived (Figure 7).

Finally, with the internal hexagon implant and solid

rigid connection (HI-RW), it was verified that after load

application on the tooth, there was a high concentration

of stresses in the mesial region of the tooth and no fringe

formation on the implant. However, when the load was

applied on the pontic, the stress on the tooth diminished

a little, but on the implant, it became very clear in all the

mesial, distal, and apical regions. Next, when the load

was displaced to the implant, it was perceived that

stresses in the mesial region of the tooth disappeared,

becoming clear in its entire distal region. Whereas on the

implant, there was greater yellow and red fringe forma-

tion, when compared with the load applied on the

pontic (Figure 8).

DISCUSSION
The implant connection to the natural tooth is still a

point of controversies, because of the differences in the

resilience of the structures involved34; while that of the

tooth is around 50 to 200 mm,8 that of the implant is less

than 10 mm.1

There are several studies that indicate the rigid con-

nector as the alternative for the tooth–implant connec-

tion, with the justification that its use will avoid tooth

intrusion,3,6,8,11,12 and there would be no risk of overload

on the implant, as its moment of torsion would be below

its load capacity.9

On the other hand, there are few studies that suggest

the semirigid connection with the female component

placed on the crown of the tooth,10,15 or with the female

component placed in the crown of the implant.1 In the

present study, it was resolved to place the female com-

ponent on the crown of the implant to avoid there being

a moment (M = F·d) with regard to the implant that is

Figure 5 Model solid rigid connection and the external hexagon implant: application of load: (A) tooth; (B) pontic; (C) implant.

Figure 6 Model internal hexagon implant and semirigid connection: application of load: (A) tooth; (B) pontic; (C) implant.
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rigid, considering that it would be more favorable if the

moment was on the tooth, as it had movement within

the periodontal ligament, being in agreement with

Cohen and Orenstein,1 who justified that this conduct

would guarantee stability of the tooth, avoiding its

intrusion by means of the support provided by the

implant. Furthermore, the implant would be protected

from excessive lateral forces by means of the reduction

in the cantilever effect exercised by pontic extension to

the tooth.

After analyzing the three types of connections

(semirigid, welded rigid, and screwed rigid) in the

implant with external hexagon, when the load was

applied to the tooth and implant, it was verified that

HE-SR abutments behaved almost like individual

retainers, with the stresses concentrating only where the

load was applied. This was probably because of the

absence of the cantilever effect between the abutments

in the semirigid connection. These results are confirmed

by the studies of Weinberg and Kruger,10 in which

the authors affirmed, through biomechanical consider-

ations, that a nonrigid connection relieves the stress and

the overload between the structures. When displacing

the load application point to the pontic, stress was

distributed to the abutment structures (tooth/implant)

possibly because of the pressure of the male connector

of the pontic on the female connector of the implant,

thus characterizing a distribution of forces between the

two supports.

In the HE-RW, the situations were similar to that of

the semirigid connection, as the support also behaved as

individual retainers when the load was applied on the

tooth and implant. This behavior could be associated

with the presence of the cementing agent acting on the

reduction of the cantilever effect and on stress dissipa-

tion. When loading the pontic, a slightly higher stress

intensity occurred than that found in the semirigid

connection.

Figure 7 Model internal hexagon implant and screwed rigid connection: application of load: (A) tooth; (B) pontic; (C) implant.

Figure 8 Model internal hexagon implant and solid rigid connection: application of load: (A) tooth; (B) pontic; (C) implant.
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Clinically, such differences may not be noted

because of the closeness of the biomechanical behavior

between the two situations (welded rigid and semirigid

connections). Nevertheless, complications such as den-

tal intrusion may be generated by food being inter-

posed between the male and female connectors on the

tooth.

Among the studied connections on the external

hexagon implant (see Figures 3–5), the screwed rigid

connection presented the worst stress distribution;

however, according to Lindh and colleagues,12 such

stress levels can be borne by the structures seeing that

when the rigid connection with occlusal screw was clini-

cally assessed, no bone loss was found in the implants or

adverse effects on the natural teeth with the use of this

attachment system.

With regard to the model with the internal hexagon

implant (see Figures 6–8), it was verified that when the

load was applied on the tooth and implant, there were

no significant differences between the types of connec-

tions. This may be associated with the greater stability

of the internal hexagon design, in which the increased

antirotational aspect and conical shape of the internal

hexagon connection provides the system a greater lateral

stability, making it more rigid.28

In the HI-SR, there was greater stress concentra-

tion in the disto-cervical region of the tooth at the

same time as there was a diminishment in the intensity

of the stresses on the first half of the mesial region,

suggesting the formation of a flector moment by the

freedom that exists in the semiprecision attachment.

When compared with the studies of Lin and col-

leagues,18 this pattern occurred in a different way, as

the authors found higher stress on the implant when

the semirigid connection was used, and explained that

this occurred because only the implant supported the

load in this type of connection. The explanation for the

difference between the results of these authors and

those of the present study could be the location of the

female connectors: while the authors used this connec-

tor on the crown of the tooth, it was used on the crown

of the implant in the present study.

In the HI-RS, there was stress concentration in the

disto-cervical region of the tooth, however, at lower

intensity than in the semirigid connection. This also

characterized the beginning of a flector moment forma-

tion by the possible micromovement that exists in the

rigid screwed connection. This micromovement would

therefore be counteracted by the rigidity and stability of

the internal hexagon implant.

In the HI-RW, when the load was applied on the

tooth and pontic, the stresses on the tooth were more

concentrated in the mesial region. However, when the

load was applied on the implant, the stresses on the

tooth were more concentrated in the distal region. In

this type of connection, there was more demand on the

implant in comparison with the tooth, as the forces of

moment began to act on the implant. These results rein-

force the affirmations of Weinberg and Kruger10 that

when a natural tooth and an implant are rigidly con-

nected, it is the implant that supports the tooth.

Although there is more demand on the implant than on

the tooth, the difference between the two elements was

not significant. This probably occurred because of the

stability and rigidity of the internal hexagon implant

having been equaled to the rigidity of the welded rigid

connection, thus producing better stress distribution

between the supports.

When the internal hexagon implant was assessed in

the three types of connections, it was observed that the

stresses on it occurred more in the apical region in com-

parison with the external hexagon, probably because of

the greater depth of union of the denture to the implant.

These results are in agreement with the studies of Hunt

and colleagues,29 in which the authors affirmed that the

greater denture retention depth and the more precise

and safer antirotational component of the internal

hexagon system reduced the stress at the neck of the

implant and retention screw. However, Cehreli and col-

leagues,31 who used the photoelastic method to assess

the connection of the denture to the implant, believed

that the influence of the denture–implant interface is

still not clear from a functional load point of view,

implant loading and the time required for the functional

adaptation of the bone to the oral implants being more

important than the nature of the implant itself.

When observing the pattern of stresses generated

among the models with internal and external hexagon

implants, it was verified that with load application on

the implant, the internal hexagon design presented a

trend toward better stress dissipation characteristics

than the external hexagon design, presenting lower

stresses over a larger area. According to Krennmair and

colleagues,30 transferring the fulcrum point from the

neck of the implant (external hexagon) to close to the

middle third of the implant (internal hexagon), as well
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as the greater denture retention depth in the internal

hexagon implant, reduced the power arm in the face of

the biomechanical behavior, making the implant more

stable, with less tendency to screw loosening of fractur-

ing, and improving the dissipation of tensions.

When load was applied on the pontic and tooth, the

internal hexagon design was shown to be more unfavor-

able in comparison with the external hexagon. This

probably occurred because of the greater denture reten-

tion depth and consequent stability, together with the

internal attachments in the shape of the sharp corners,

which could act as stress concentrators during rotation

or moment of force generated by the cantilever, and

could thus cause microfractures under tension, harming

the internal walls of the hexagon and overloading the

system in the face of stress dissipation.29,30

In order to be able to suggest the most feasible tooth–

implant connection among the options, it is important to

verify which structure must be protected. Thus, from the

biomechanical point of view, when the implant is loaded,

it supports the load itself, because of its resistance. On the

contrary, the tooth has a lower module of elasticity than

the implant and is more prone to the occurrence of

fractures when submitted to loads. Therefore, the struc-

ture that should be most preserved is the tooth.

Therefore, the HE-SR and HE-RW presented a ten-

dency toward a more favorable stress distribution when

compared with the HE-RS.

This biomechanical behavior among the above

connections may be associated with harm to the tooth–

implant union, because of the greater rigidity and

stability of the internal hexagon design. However,

further research should be conducted in order to have

a better understanding of the relationship type of

connector ¥ hexagon design of osseointegrated implants in

the union of the tooth and implant.35,36

CONCLUSIONS

Within the limitations of this in vitro study, it could be

concluded that among the three types of connections

with the external hexagon implant, the semirigid con-

nection and the welded rigid connection presented ten-

dencies toward lower intensity and better distribution of

the stresses between the supports; among the three types

of connections with the internal hexagon implant, the

semirigid connection was the most unfavorable one, and

in the tooth–implant association, it is preferable to use

the external hexagon implant.
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