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Abstract. The purpose of this study was to determine the optimal thread shape for an experimental cylinder
implant. Twelve three-dimensional finite element models with an implant of different thread shape were
created: 1mm, 2mm, and 3mm square designs (S-1, S-2, and S-3); 90o, 60o, and 30o V-shaped designs (V-1,
V-2, and V-3); 45o, 30o, and 15o buttress designs (B-1, B-2, and B-3); 45o, 30o, and 15o reverse buttress
designs (R-1, R-2, andR-3). The stress distributions and the maximum Von Mises stresses in cortical and
cancellous bone of all models were compared under axial and buccolingual loads. It was found that model
S-2 in square design, model V-3 in V-shaped design, and model B-3 in buttress design showed the best stress
distribution respectively. And the stress distribution in models R-1, R-2, and R-3 were as good as those in
models S-2, V-3, and B-3.The results imply that S-2, V-3, B-3, R-1, R-2, and R-3 thread shapes all appear
to be suitable for use in a cylinder implant. And the wide top angle thread should be avoided in a cylinder
implant.
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1 Introduction

A crucial factor that affects the outcome of implant treatment is the way occlusal forces are transferred to
the bone-implant interface via the implant and the superstructure. The interface must tolerate occlusal forces
without adverse tissue response[19]. 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[13], and favor dissipation of interfacial stress[4]. It is necessary to evaluate the thread design of dental
implant to enhance further clinical success.

Thread shapes in dental implant designs include square (Biohorizon), V-shaped (Nobel Biocare, 3I), but-
tress (Steri-Oss), and reverse buttress (Steri-Oss, CA). The face angel of the thread can change the direction of
load from the prosthesis to a difference force direction at the bone. A square thread design has been suggested
to reduce the shear force and increase the compressive load[6]. The standard V-shaped thread, called a “fix-
ture” in engineering, has 10 times greater shear load on bone compared with a square thread[16]. The original
Branemark screw, introduced in 1965, had a V-shaped thread pattern as a means of placement into a threaded
osteotomy[3]. Report has indicated that under axial loads to a dental implant, a V-thread face is comparable
to the buttress thread when the face angel is similar[16]. Buttress thread shape is optimized for pull-out loads
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and has parallel major and minor diameter[17]. The reverse buttress thread is flat on the top, and optimized for
pull-out loads too. Some manufactures use a reverse buttress thread with different thread pitch and shallower
depth for better loading distribution[5].

Despite the suggested differences in force transfer to bone from their use, no controlled clinical studies
comparing the 4 thread designs are available. A systemic analysis of the effect of different thread shapes
upon the bone stresses has not yet been made. The main aim of the present study was to analyze the effect
of variations of the shape of the thread of an idealized, axially and buccolingually loads, screw-shaped bone
implant upon stress distribution and the magnitude of the stress peaks in cortical and cancellous bone.

2 Materials and methods

The study was performed by means of three-dimensional finite element analysis[23]. Theory of elasticity
was applied[22].

2.1 3D model designs

A mandibular segment with an implant and a superstructure was modeled on a personal computer, using a
3-D program (Pro/E 2001, Parametric Technology Corporation, USA). The bone was modeled as a cancellous
core surrounded by a 1.3mm cortical layer[10]. The mesial and distal section planes were not covered by
cortical bone. The dimensions of the bone segment are indicated in Fig. 1. The geometry of the 13mm Nobel
Biocare®solid screw implant was used as a reference to model a cylindrical implant and a 5mm high solid
abutment, which were simplified to one unit, as shown in Fig. 1. The box-shaped void in the implant body,
right below the abutment screw, was also modeled. A porcelain superstructure with 2mm occlusal thickness
was applied over the titanium abutment (Fig. 1). Twelve different models were created by changing the thread
shape of the implant, as shown in Fig. 2. All the models were meshed by Ansys Workbench7.0 (SAS IP, Inc.,
USA).

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

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 Table 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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Fig. 2. Schematic representation of the screw shapes: parameter of the screws (left), twelve thread shapes of dental
implant (right) (s=square; v=v-shaped; b=buttress; r=reverse buttress)

Table 1. Elastic properties of materials in the 3D FEM models[2, 7, 8, 15]

Materials Young’s modulus (GPa) Poisson ratio References
Cortical bone 14 0.3 (20)
Cancellous bone 1.37 0.31 (21)
Titanium 110 0.35 (22)
Porcelain 68.9 0.28 (23)

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 41, 051-60, 113 elements and 64, 487-93,
599 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 100 and 50N were applied axially (AX) and buccolingually (BL), respectively, to the middle point in the
center of the superstructure[10]. The analysis was performed for each load by means of the Ansys Workbench
software program. The Von Mises stress (equivalent stress, abbreviated EQV stress) distribution and maximum
EQV stress were used to display the stress in the cortical and cancellous bone.

3 Results

EQV stress patterns are shown as contour lines with different colors connecting equivalent stress points
between certain ranges (Figs 3–6). The maximum Von Mises stress in cortical and cancellous bone under axial
(AX) and buccolingual (BL) loads are shown in Table 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. 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.
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3.1.1 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. The distribution of the EQV stress was
similar for all models (Fig. 3).

Under BL load, the highest EQV stress was observed buccally and lingually near the implant neck in all
models. The distribution of the EQV stress was similar for all models (Fig. 3).

Fig. 3. A=top view on EQV stress distribution in the cancellous bone under axial loads; b=top view on eqvstress distri-
bution in the cancellous bone under buccolingual loads (for comparison, the same scale was used in all models)

3.1.2 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. And the distribution of the EQV stress beyond bone–implant
interface was similar for all models. Moderate stresses were found all over the bone–implant interface in
contrast to the highly concentrated stress in the cortical bone. However, the distribution of the EQV stress
near the bone–implant interface showed significant difference (Fig. 4).

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. And the
distribution of the EQV stress beyond bone–implant interface was similar for all models. Just like the condi-
tions under AX load, the distribution of the EQV stress near the bone–implant interface showed significant
difference under BL load (Fig. 5, Fig. 6).

3.1.3 Comparison of different thread designs

In square designs, models S-2 and S-1 showed better stress distribution than other two models under AX
and BL load respectively. But S-1 showed the worst stress distribution than other two models under AX load
(Fig. 4, Fig. 5, Fig. 6).

In V-shaped and buttress designs, models V-3 and B-3 showed better stress distribution than other models
under both AX and BL loads respectively. And the stress distribution of the models in each design got evener
with the decrease of top angle width of the thread (Fig. 4, Fig. 5, Fig. 6).

And the stress distribution in models R-1, R-2, and R-3 were as even as those in models S-2, V-3, and
B-3(Fig. 4, Fig. 5, Fig. 6).
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Fig. 4. Buccolingual cross-sectional view on EQV stress distribution in the cancellous bone under axial loads

Fig. 5. Buccolingual cross-sectional view on EQV stress distribution in the cancellous bone under buccolingual loads

Fig. 6. Mesiodistal cross-sectional view on EQV stress distribution in the cancellous bone under buccolingual loads

3.2 Maximum EQV stress

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 (Table. 2). Under AX load, the location of the maximum EQV stress in cancellous was around the
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bottom of the implant. But under BL load, the location of the maximum EQV stress in cancellous transferred
to near the cortical plates on the buccal and lingual sides.

Table 2. Maximum EQV stress (MPa) in the cortical and cancellous bone under axial (AX) and buccolingual (BL) loads

Models
Cortical bone Cancellous bone

AX load BL load AX load BL load
S-1 4.1374 10.803 1.4085 1.3567
S-2 4.0662 10.752 1.3603 1.3461
S-3 4.0514 10.714 1.399 1.3135
V-1 3.9130 10.184 1.4094 1.3110
V-2 4.0663 10.698 1.4145 1.3355
V-3 4.0970 10.762 1.4313 1.3514
B-1 4.0806 10.734 1.4121 1.3195
B-2 3.9812 10.442 1.4024 1.3706
B-3 4.1131 10.806 1.4577 1.3432
R-1 4.0438 10.648 1.4198 1.3262
R-2 4.0713 10.717 1.4245 1.3344
R-3 4.1119 10.772 1.4275 1.3826

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 shape.
This makes it possible to make a comparison between threads of different shape.

It has been reported that even loads below the ultimate bone stress can cause bone failure, as in the
case of fatigue failures, in which the microdamage of bone can no longer be repaired[9]. The accumulated
microdamage might result in bone resorption.

Study also showed 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[12]. In studies of retrieved dental implants,
it was found that bone defects tended to be located at the thread tops. Studies showed that a square thread
design (as opposed to the standard V-shaped or buttress thread) was suggested to reduce the shear component
of force by taking the axial load of the prosthesis and transferring a more axial load along the implant body
to compress the bone[1]. Optimum for compressive load transmission as there is less shear load transmission
than a V-shaped thread in a cylindrical implant[20, 21]. Another study showed that modified square thread,
looking like reverse buttress, imparted 10 times less destructive stresses at the implant-bone interface than
conventional v-thread designs, while maximizing compressive load transfer and providing excellent primary
stability[18].

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[14].

Based on the result of this current study, stress distribution and maximum EQV stress in cortical bone do
not seem to be greatly affected by thread shapes. So, it suggested that stress distribution in cortical bone is not
influenced by thread shape under the similar condition. It was similar to the findings from J.P.Geng with 2D
FEM[11]. In our study, it was also suggested that stress distribution in cancellous bone beyond bone–implant
interface is not influenced by thread shape. Additional result of this study showed that the stress distribution
of the models in each design got evener with the decrease of top angle width of the thread. So, it suggested the
wide top angle thread should be avoided in a cylinder implant. In summary, models S-2, V-3, B-3, R-1, R-2,
and R-3 have the better stress distribution characteristics.

WJMS email for subscription: info@wjms.org.uk



140 L. Kong & B. Liu et al: Comparative study of 12 thread shapes

5 Conclusions

Based on the results from numerical analyses, the following conclusions are obtained from the effects of
thread shapes of osseointegrated implant on stress distributions in jaw bone.

(1) Stress distribution and maximum EQV stress in cortical bone were not greatly influenced by thread
shapes.

(2) Stress distribution in cancellous bone beyond bone–implant interface was not greatly influenced by
thread shape greatly.

(3) Stress distribution was greatly influenced by the thread shape in the cancellous bone-implant interface.
(4) S-2, V-3, B-3, R-1, R-2, and R-3 thread shape all appeared to be suitable for use in a cylinder implant.

But the wide top angle thread should be avoided in V-shaped and buttress designs.
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