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ABSTRACT

Purpose: This finite element analysis investigation evaluated the effect of different implant cross-sectional designs on bone
stress levels under different loading patterns.

Materials and Methods: Finite element analysis program was used to construct four different three-dimensional models
describing 4 × 10-mm implants in blocks of cortical and trabecular bone. A 5-mm-long abutment was modeled above
each implant. The implant in model 1 was unthreaded, while in model 2 the implant was circularly threaded. The third
implant in model 3 had the cross-sectional shape as a 16-sided star-shaped design. The implant in model 4 was constructed
unthreaded, with a diameter of 4.5 mm. Vertical and horizontal loads of 100 N each were applied on the top middle node
of each implant assembly. All nodes at the bottom surface of the bone models were restrained.

Results: By comparing models 1, 2, and 3, the lowest bone stress values under vertical and horizontal forces were observed
around the unthreaded implant in model 1 (8.92 and 94.52 MPa, respectively). The highest stress value under vertical
loading was shown around the threaded implant in model 2 (10.07 MPa), whereas the highest stress value under hori-
zontal loading was observed around the star-shaped implant in model 3 (108.40 MPa). Model 4, with a wider unthreaded
design, had stress values under vertical and horizontal loading of 7.32 and 71.35 MPa, respectively.

Conclusions: It was concluded that the unthreaded implant design produced the least bone stress. An increase in implant
diameter could produce marked reduction in stress value in the bone around the neck of the implant.
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bone resorption around the necks of dental implants.1–3

One of the suggested mechanisms is what happens when

the elastic limit of the bone around the implant is sur-

passed on the implant, initiating microfractures in the

bone and, thus, bone resorption.3

The implant design, diameter, material properties,

and surface criteria are among the factors that influence

the stress in the surrounding bone.4–6 Other factors such

as bone volume and shape and the material properties

of the bone can influence the amount of bone stresses.7,8

However, the primary stability of the implant is another

important factor for osseointegration to take place. It is

achieved by taper locking the implant in the prepared

socket or through the engagement of implant threads to

prepared taps in the socket.9–11

However, the current implant market is nourished

by a variety of implant designs that are periodically

being modified or even completely changed.8–12
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INTRODUCTION

Stress build-up in the bone around the dental implant

is believed to have a major role in the phenomenon of
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The aim of this finite element analysis study was to

evaluate and compare the effects of different implant

cross-sectional designs on the surrounding bone stress

and strain levels under different loading patterns. Fur-

thermore, the effect of implant diameter change on 

the surrounding bone stress and strain values was 

investigated.

MATERIALS AND METHODS

The finite element analysis program NISA (Cranes Soft-

ware Inc., Troy, MI, USA), was used in this investigation

to construct different three-dimensional models.

Three models were constructed describing implants

with 4-mm external diameters and 10-mm lengths

(Figure 1). These modeled implants were installed in

identical quadrilateral pieces of modeled bone of 14-

mm lengths, 8-mm widths, and 11-mm heights. The

pieces of bone were composed of trabecular bone

covered with a 1-mm-thick layer of cortical bone. The

cortical bone layer covered all aspects of the trabecular

bone corresponding to the upper and lower borders of

the body of the mandible and its buccal and lingual sur-

faces, as illustrated in Figure 1. A 5-mm-long abutment

with the same diameter as the implant was modeled

attached above each implant.

The implant in model 1 was designed as an

unthreaded cylinder. In model 2, the implant was

threaded with circular threads (rather than helical) in a

way to simplify the model construction. The threads

were modeled as radial disk-shaped extensions (0.2 mm)

of the main body of the implant, as illustrated in Figure

1. The third implant in model 3 had a cross-sectional

shape as a 16-sided star-shaped design (eight longitudi-

nal side angles) that would theoretically intensify the

stress and strain values in the surrounding bone struc-

ture (see Figure 1). A fourth model was constructed with

unthreaded implant similar to that of model 1, but with

a diameter of 4.5 rather than 4 mm.

All materials representing the different regions of

each model were assumed homogenous, isotropic, and

linearly elastic. Material properties used in the study

modeling were similar to those used in a previous

study.13 All models were constructed using three-

dimensional 20-noded hexahedral brick elements. All

nodes were merged to assume perfect bond between all

regions in the model including the interface between the

implant and the bone.

Loads on each implant were modeled as separate

vertical and horizontal point loads of 100 N each applied

on the top middle node of each implant/abutment

assembly in the models. The vertical force was directed

downward along the long axis of the implant, whereas

the horizontal force was applied toward the side of

the model describing its buccal or lingual aspect. All

nodes at the bottom surface of the bone models were

restrained. Compressive stresses and resultant strains

were recorded only in the models for each loading case

in the crestal bone around the necks of the implants.

This region is thought to display the majority of dam-

aging stresses in the bone around the implant.1–5

RESULTS

Stress and strain values under vertical and horizontal

loading in the bone around the neck region of implants

in all models were registered (Table 1).

Figure 1 Models 1 to 3 along with the individual implant
below.

Figure 2 Compressive stresses in the crestal bone around the
neck of the dental implant in model 1 under vertical loading.
Stresses are displayed in different colors in the original model.
Each color represents a given stress value as indicated in the
color column on the right side.
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When comparing models 1, 2, and 3, the results of

compressive stress values under vertical loading ranged

from 8.92 (in model 1) to 10.07 MPa (in model 2)

(Figures 2–6). The results of compressive stress values

under horizontal loading ranged from 94.52 (in model

1) to 108.40 MPa (in model 3) (Figure 3, 5, and 7). The

resultant strains under vertical loading ranged from 

9.11 × 10−4 (in model 1) to 17.2 × 10−4 mm/mm (in

model 2). Under horizontal loading, the resultant strain

results ranged from 241.30 × 10−4 (in model 1) to 315.00

× 10−4 mm/mm (in model 2). Therefore, the lowest bone

stress and strain values under vertical and horizontal

forces were observed around the unthreaded cylindrical

implant in model 1. The highest stress value under ver-

tical loading was shown around the threaded implant in

TABLE 1 Maximum Stress and Strain Values in the Bone around the
Necks of Dental Implants in the Four Models under Vertical and
Horizontal Loading

Vertical loading Horizontal loading

Compressive Resultant strains Compressive Resultant strains
Models stresses (MPa) (×10−4 mm/mm) stresses (MPa) (×10−4 mm/mm)

1 8.92 9.11 94.52 241.30

2 10.07 17.20 101.00 315.00

3 9.82 11.50 108.40 274.50

4 7.32 7.42 71.35 203.60

Figure 3 Compressive stresses in the crestal bone around the
neck of the dental implant in model 1 under horizontal
loading. Stresses are displayed in different colors in the original
model. Each color represents a given stress value as indicated in
the color column on the right side.

Figure 4 Compressive stresses in the crestal bone around the
neck of the dental implant in model 2 under vertical loading.
Stresses are displayed in different colors in the original model.
Each color represents a given stress value as indicated in the
color column on the right side.

Figure 5 Compressive stresses in the crestal bone around the
neck of the dental implant in model 2 under horizontal
loading. Stresses are displayed in different colors in the original
model. Each color represents a given stress value as indicated in
the color column on the right side.
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model 2, whereas the highest stress value under hori-

zontal loading was observed around the star-shaped

implant in model 3. The highest strain values under ver-

tical and horizontal loading were observed in the bone

around the threaded implant in model 2 (see Table 1).

Regarding model 4 with a wider unthreaded cylin-

drical design, compressive stress values under vertical

and horizontal loading were 7.32 and 71.35 MPa,

respectively. The resultant strain values under ver-

tical and horizontal loading were 7.42 × 10−4 and 

203.60 × 10−4 mm/mm, respectively (see Table 1).

DISCUSSION

The result of this study showed that compressive stress

and strain values under horizontal loading were about

10 and 20 times higher than those under vertical

loading, respectively.

For the first three models, the unthreaded cylindri-

cal implant generated the lowest bone compressive stress

and strain values under vertical and horizontal loading.

Generally, the threaded implant generated the highest

stress and strain values in the bone. Probably, that can

be attributed to its threads that are extending laterally

inside the bone and, thus, would exert compression on

the bone under, specifically, vertical loading. Under hor-

izontal loading, the threads would form the frontline 

of stress concentration, and that might have been the

reason for the highest strain value that resulted from 

the tested models. The star-shaped implant generated

the highest compressive stresses under horizontal

loading. This can be attributed to the vertical orienta-

tion of the sharp line angles located at its sides. These

should exert the most damaging effect on the bone upon

application of bending forces on the implant.14,15

Under vertical loading, the unthreaded implant

with a wider diameter (model 4) showed lower com-

pressive stress and strain values by about 18% than those

with a smaller diameter (model 1). On the other hand,

the compressive stress and strain values under horizon-

tal loading were 24 and 16% less with a wider implant

diameter than their corresponding values with the nar-

rower implant, respectively. These results indicate the

importance of increasing the diameter in reducing 

bone stress and strain values. The unthreaded cylindri-

cal implant might be considered a neutral design with

regard to shape and design, and it had been employed

in similar studies.16–19

The present study did not aim to predict the behav-

ior of bone in reality; it rather explored the behavior of

the given implant designs inside standardized pieces of

bone. The shape of the piece of bone was assumed as

quadrilateral for simplification in this study. Moreover,

the modeling of the implant/bone interface was per-

formed with the assumption of a perfect bond. This was

consistent with that of other studies on implant-removal

torques and the pattern of bone behavior around the

implant.18,20

The values chosen in this study for the material

properties of the different regions of the models were

previously reported and used in similar finite element

studies.13,16,20 In fact, the huge variations in the reported

values of properties in dental literature emphasize the

need for consensus on this subject.21,22

Figure 6 Compressive stresses in the crestal bone around the
neck of the dental implant in model 3 under vertical loading.
Stresses are displayed in different colors in the original model.
Each color represents a given stress value as indicated in the
color column on the right side.

Figure 7 Compressive stresses in the crestal bone around the
neck of the dental implant in model 3 under horizontal
loading. Stresses are displayed in different colors in the original
model. Each color represents a given stress value as indicated in
the color column on the right side.
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Bone safety that was brought by the usage of

unthreaded cylindrical implant design might signify the

benefit of such design in several fields of dentistry.

The relatively low bone stress values under horizontal

loading would highlight the application of this design as

an orthodontic anchorage, where tension is regularly

present.

CONCLUSIONS

Within the limitations of this study, it can be concluded

that the unthreaded implant design produced the least

bone stress and strain under vertical and horizontal

loading when compared with the threaded implant. An

increase in implant diameter could produce marked

reduction in stress and strain values in the bone around

the neck of the implant.
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