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Abstract. The purpose of this study was to determine the optimal thread design for an experimental cylinder
implant. Three-dimensional finite element models with an implant of single-thread, double-thread, and triple-
thread were created. The Max EQV stresses in jaw bones and Max displacement of implant-abutment complex
were compared. It was found that, under AX load, the Max EQV stresses in cortical bone and cancellous
bone of double-thread implant increased by 10.4% and 9.2% compared with that of single-thread implant
respectively. Under BL load, the Max EQV stresses in cortical bone of double-thread implant increased by
9.1% and Max EQV stresses in cancellous bone of triple-thread implant decreased by 14.2% compared with
that of single-thread implant respectively. The results imply that single-thread implant shows the best stress
transmission under axial load. Single-thread and triple-thread implant show the better stress transmission
under buccolingual load. Different thread designs show similar effect on the osseointegrated implant stability.
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1 Introduction

In the osseointegrated dental implant, it has been reported that even loads below the ultimate bone stress
can also cause bone failure, as in the case of fatigue failures, in which the microdamage of bone can no longer
be repaired[6]. And the accumulated microdamage might result in bone resorption. In the light of this finding,
it was suggested that a dental implant should be designed such that the peak bone stresses resulting from the
loads on the implant are minimized.

Thread shape is an important objective in biomechanical optimization of dental implants. Threads are
used to maximize initial contact, improve initial stability, enlarge implant surface area[10], and favor dissipation
of interfacial stress[3]. It is necessary to evaluate the thread design of dental implant to enhance further clinical
success.

The concept of “double-threaded” or “triple-threaded” implants have recently been introduced (eg, Nobel
Biocare USA Inc.,Yorba Linda, CA). These implants are believed to thread faster into the osteotomy site to
provide initial increased stability. They require more torque for placement. Type IV cancellous bone is the
primary indication for use[16]. However, the number of threads, the depth of threads, and the overall functional
surface area is exactly the same, whether the implant body has double or triple thread.

Despite the suggested differences in force transfer to bone from their use, no controlled clinical studies
comparing the different designs are available. The main aim of the present study was to analyze the effect of
the different designs of the thread upon stress distribution and the maximum Von Mises stresses (maximum
equivalent stress, abbreviated Max EQV stress) in jaw bones and maximum displacement (abbreviated Max
displacement) in implant-abutment complex.
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2 Materials and methods

The study was performed by means of three-dimensional finite element analysis[17].

2.1 3d model designs

A posterior mandible segment with an implant and a superstructure were modeled on a personal com-
puter, using a 3-D program (Pro/E Wildfire, Parametric Technology Corporation, USA). A cross-section of a
mandible in the first premolar region was used as a basis for a solid model, and then the cross-sectional image
was extruded to create a three-dimensional mandible segment. This section had a thick layer of cortical bone
surrounding dense cancellous bone, i.e. type B/2 bone according to the Lekholm&Zarb classification[13]. And
the average thickness of cortical bone in the crestal region was 2.3mm, the mesial and distal section planes
were not covered by cortical bone. And the dimensions of the bone segment are shown in Fig. 1

Fig. 1. Cross-sectional view on the symmetry plane of one model. a= superstructure; b=implant and abutment; c= can-
cellous bone; d=cortical bone

A cylinder implant with different thread designs (Fig. 2) and a 5mm high solid abutment were modeled
and simplified to one unit, as shown in Fig. 1. A porcelain superstructure with 2mm occlusal thickness was
applied over the titanium abutment (Fig. 1).

Fig. 2. Schematic representation double-thread (a) and single-thread implant (b).

2.2 Material properties

All materials used in the models were considered to be isotropic, homogeneous, and linearly elastic. The
elastic properties were taken from the literature, as shown in Tab. 1.

2.3 Interface conditions

The implant was rigidly anchored in the bone model along its entire interface. The same type of contact
was provided at the prosthesis-abutment interface.
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Table 1. Elastic properties of materials in the 3D FEM models

Materials Young’s modulus (GPa) Poisson ratio References
Cortical bone 14 0.3 (7)

Cancellous bone 1.37 0.31 (8)
Titanium 110 0.35 (9)
Porcelain 68.9 0.28 (10)

2.4 Elements and nodes

The models were meshed with 10-node-tetrahedron and 20-node-hexahedron elements. A refinement
mesh was generated around the implant. Models were composed of 59297, 59366, 59980 elements and
137219, 137240, 138275 nodes.

2.5 Constraints and loads

Models were constrained in all directions at the nodes on the mesial and distal bone. Since this study was
aimed at investigating bone effects to loads within the physiological limits, rather than to overloads, forces
of 200 and 100N were applied axially (AX) and buccolingually (BL), respectively, to the middle point in the
center of the superstructure[12]. The analysis was performed for each load by means of the Ansys Workbench
software program.

3 Results

EQV stress patterns are shown as contour lines with different colors connecting equivalent stress points
between certain ranges (Fig. 3). The Max EQV stress in jaw bone and Max displacement in implant-abutment
complex are shown in Tab. 2.

3.1 Stress distribution

In all loading situations, the highest stress in the bone, as a whole, was concentrated in the cortical bone,
around the implant. The distribution of the EQV stress was similar for all models. Because of a great difference
between the stress values in the cortical and cancellous bone, the stress distributions in these bone regions are
shown separately for better visualization. For comparison, the same scale was used in all models.

Cortical bone
In all the models under AX load, the highest EQV stress of the cortical bone was observed around the

implant neck. High stress surrounded the implant neck like a ring (Fig. 3a). Under BL load, the highest EQV
stress was observed buccally and lingually near the implant neck in all models (Fig. 3b).

Cancellous bone
Under AX load, the highest EQV stress was observed at the implant bottom in all the models, but its

value was much lower than in the cortical bone (Fig. 3c). Under BL load, the highest EQV stress occurred
near the cortical plates on the buccal and lingual sides. The EQV stress on the buccal sides showed much
higher than that on the lingual sides for all models (Fig. 3d).

3.2 Max EQV stress and max displacemen

Under AX or BL load, the maximum EQV stress in cortical bone was much higher than in cancellous
bone in all models. And the maximum EQV stress in cortical bone under BL loads was much higher than
under AX loads (Tab. 2).
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Fig. 3. a= Buccolingual cross-sectional view on EQVstress distribution in the cortical bone under axial load;
b=Buccolingual cross-sectional view on EQVstress distribution in the cortical bone under buccolingual load;
c=Buccolingual cross-sectional view on EQVstress distribution in the cancellous bone under axial load; d=Buccolingual
cross-sectional view on EQVstress distribution in the cancellous bone under buccolingual load.

Table 2. Max EQV stress in jaw bone and max displacement in implant-abutment complex

Cortical Bone
(MPa)

Cancellous Bone
(MPa)

Implant-abutment
Complex (mm)

AX Load BL Load AX Load BL Load AX Load BL Load
Single-thread 8.9879 27.738 1.6755 2.6878 0.00450 0.0222

Double-thread79.9237 30.265 1.8295 2.1532 0.00450 0.0222
Increased
Percentage (10.4%) (9.1%) (9.2%) (-19.9%) 0.0% 0.0%

Triple-thread 8.9414 27.704 1.9141 2.3072 0.00450 0.0222
Increased
Percentage (-0.5%) (-0.1%) (14.2) (-14.2%) 0.0% 0.0%

4 Discussion

The aim of this study was to find the pure effect upon the bone stresses of variations of the thread shapes.
For this reason it was assumed that all the parameters of the models were identical except the thread design.

It has been reported that threaded implants had higher remodeling rates and less mineralized bone forma-
tion when loaded with axial force than the nonloaded threaded implants. And these responses were triggered
by tissue microdamage as a direct consequence of the applied loads[8]. In studies of retrieved dental implants,
it was found that bone defects tended to be located at the thread tops[1]. The concept of “double-threaded” or
“triple-threaded” implants make 2 or 3 threads each turn and make 2 or 3 grooves at the same time. These 2 or
3 independent, external threads start 180or 120apart. They spiral around the implant body at a steeper angle
than conventional implant threads, but act as one thread. In other words, the single thread moves 0.6 mm for
each rpm and the double thread moves 1.2 mm for each rpm even though the surface area to load is exactly
the same. So although providing the same surface area, each 360 turn seats the implant 1.2 mm instead of
the 0.6 mm in standard threads. This allows for full seating of an implant in half the time. As a result of the
tapered shape of the implant apex, higher apical torque bone compression occurs during the last revolution of
placement, and this could increase implant rigidity and stability[16].

Functionally, there is always applied force acting on bone modified by an implant design, and there is
always resisting force acting on the implant through the viscoelastic properties of trabecular structure. Through
biomechanical events in bone, osseous tissue can be stimulated within physiological limitations by implant
design to develop along the lines of compressive forces dependent on the implant load-bearing area to sustain
equilibrium[11]. Hoshaw et al inserted Brnemark implants into adult canine tibiae. After a healing time of
1year, the test implants were loaded in axial tension for 500 cycles/ day for 5 consecutive days. A net bone
loss was found around the neck of the loaded implants[9]. And several finite element analyses showed high
strains and stresses in this region[7, 15]. This indicated that the bone loss was the result of bone modeling and
remodeling secondary to bone microdamage.
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Under AL load, comparative with single-thread implant, Max EQV stresses produced by double-thread
implant in cortical bone and cancellous bone increased by 10.4% and 9.2% respectively. And that of triple-
thread implant increased by 14.2% in cancellous bone. It indicates that single-thread implant shows the best
stress transmission under axial load.

Under BL load, comparative with single-thread implant, Max EQV stresses produced by double-thread
implant in cortical bone increased by 9.1% and that in cancellous bone decreased by 19.9%. Max EQV stresses
produced by triple-thread implant in cancellous bone decreased by 14.2%. And other values were all similar
for all models. It indicates that single-thread and triple-thread implant show the better stress transmission
under buccolingual load. And the different implant thread designs show similar effect on the implant stability.

5 Conclusions

Based on the results from numerical analyses, the following conclusions are obtained from the effects of
implant diameter and length of osseointegrated implant on stress distributions in jaw bone and displacement
in implant by the biomechanical consideration.

(I) Single-thread implant shows the best stress transmission under axial load.
(II)Single-thread and triple-thread implant show the better stress transmission under buccolingual load.
(III) Single-thread, double-thread and triple-thread implants show similar effect on the osseointegrated

implant stability.
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