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a b s t r a c t

From the view of initial insertion of dental implant during implantation, the design of implants includes

cylindrical, conical profile of implant body with number of cutting flutes at the tip of the implant. The

current study aim was to investigate the effect of number of cutting flutes at the tip of the commercial

dental implant system on stress distribution in cancellous bone. A three-dimensional CAD model is pre-

pared and analyses using numerical simulation software. The significance of number of cutting flutes was

studied under the applied load of 100 N axial (coronal-apical) direction, 40 N lateral (Bucco-lingual)

direction and 100 N oblique at 45 degree to the longitudinal axis of the selected four types of implant sys-

tem. A contact between implant and human jawbone is defined to model slide and stick conduct with

coefficient of friction as 0.2 and the von Mises stress at the implant-bone interface in a cancellous bone

is evaluated using ABAQUS numerical simulation code. The present study compared the effect of stress

concentration at the location of implant cutting flutes and bone interface. The magnitude of von Mises

stress (equivalent stress) for selected commercial dental implant system and the stress distribution pat-

tern in a cancellous bone is analyzed. The implant system with number of cutting flutes is an acute

parameter to effectively transfer the masticatory force and avoid the high stress concentration in cancel-

lous bone at the interface.

� 2020 The Authors. Published by Elsevier Ltd.
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1. Introduction

In the field of dentistry, the biocompatible pure titanium and

titanium alloy dental implants are widely used in the human jaw

mandible in place of missing tooth [1,2]. The primary stability is

achieved by the percentage of bone and implants integrated with

each other popularly known as osseointegration [3]. The bio-

mechanical compatibility is one of the factors responsible for gen-

erating high stress at interface [4]. In literature primary stability of

implantation depends on number of factors like quality and avail-

ability of human jawbone, design of implant geometry, clinical

practices, and implantation postoperative treatments [5]. During

implantation easy insertion of implant and stable bone is more

important. Implant geometry profile with number of cutting flutes

is one of the crucial factors that affects the stress distribution along

implant-bone interface [6–10].

Commercial dental implant manufacturer has a variety of

implant design in size and shapes of implant profile with different

shapes of cutting flutes [11]. Cutting flutes (CF) at the implant tip

provides self-tapping ability during insertion [12]. Cutting flutes

are necessary to reduce the heat during implantation and insertion

torque [13]. It is important to know number of cutting flutes

required along the interface for the rehabilitation success [14]. In

order to understand the biomechanical significance of number of

cutting flutes at the tip of the implant bonded with the surround-

ing bone, four implant system with a premolar region of mandibu-

lar jaw bone section were selected on the basis of literature review

and questionnaire survey. A three-dimensional FE model is
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prepared using Hypermesh as a pre-processor and the ABAQUS

code is used to evaluate the von-Mises stresses at the implant-

bone interface [15].

2. Implant system

Four implant system (IS) with internal hex connection were

selected viz. Ankylos (IS-1), Biohorizon (IS-2), Nobel (IS-3), and

Xive (IS-4). The diameter and length of selected implant system

(with various thread profile) were namely IS-1 (3.5 mm diameter,

14 mm length), IS-2 (3.4 mm diameter, 15 mm length), IS-3

(3.5 mm diameter, 14 mm length), and IS-4 (3.5 mm diameter,

15 mm length) [16].

3. Modeling and materials

3.1. CAD geometry modeling

The various profile dimensions like pitch, depth, height of

thread, cutting flute profile of the selected dental implant were

measured using Projector Profile measuring system [17] whereas

the other major dimensions such as diameter, length, taper angle

of implant is known from each implant system manufacturer.

The implant, abutment, screw, and bone geometry are model using

CreO CAD software. The implant system bone modeled as a cuboid

shape of dimensions 25 mm height, 18 mm wide and 10 mm thick

[6]. The cortical bone thickness is assumed to be 2 mm [18]. The

detailed CAD model with cutting flutes of each implant system is

shown in the Fig. 1.

3.2. Finite element modeling (FE Modeling)

3.2.1. FE mesh modeling

To perform the numerical simulation, a quadratic 3D tetrahe-

dral element is used to model the implant, abutment, screw and

bone with average element size of 0.1 mm whereas the premolar

dental crown has been modeled with linear quadrilateral element

with average size of 0.2 mm. Mesh convergence is mainly depends

on the number of element and the mesh structure [19,20]. The cut-

section of implant prosthetic mesh refinement at different contact

zone (Fig. 2(b)) were used to control numerical simulation time

[21,22]. The cortical and cancellous bone near the implant surface

is modelled with fine mesh to accurately capture the stresses

whereas the bone area away from the interface is modelled with

coarse mesh as shown in Fig. 2(c). The total number of elements

and nodes in selected implant system is approximately 671000-

847000 and 144000-177000 respectively shown in Table 1.

3.2.2. Implant-bone zone

Implant stability is achieved by means of implant thread profile

surface bonded with surrounding bone tissues along the implant-

bone interface [23]. A friction contact is defined to simulate the

implant-bone interface condition [24,25]. In the current study,

the implant-cancellous bone and the implant-cortical bone inter-

Fig. 1. Commercial Implant system front and bottom view showing the number of

cutting flutes (a) IS-1with two cutting flutes (b) IS-2 with three cutting flutes (c) IS-

3 with two cutting flutes and (d) IS-4 with three cutting flutes.

Fig. 2. FE model of implant system (a) loads and boundary condition applied on implant system (b) Cut section of mesh model of implant with bone (c) Mesh enhancement at

the interface.

Table 1

FE entities in the implant system.

Implant system Number of elements Number of nodes

IS-1 671,000 144,000

IS-2 783,000 158,000

IS-3 837,000 167,000

IS-4 847,000 177,000
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face is modeled as nonlinear contact zone with coefficient of fric-

tion is consider as 0.2 in a numerical simulation [18] whereas

the implant-abutment, abutment-screw, screw-implant,

abutment-crown interface is considered to be a rigid [26].

3.2.3. Mechanical properties

Titanium alloy (Grade IV – Ti-6Al-4V) widely utilized as bio-

compatible material in the field of implant dentistry. The mechan-

ical properties such as Young’s Modulus (E), Poisson Ratio (m) of

implant system components are shown in Table 2.

3.2.4. Load and boundary conditions

Vertical and lateral forces mainly induce due to mastication and

horizontal motion of the mandible. Based on previous literature

three loading conditions were simulated in FE simulation [22,28–

30]. Masticatory forces induced compressive force whereas

transverse forces were induced due to position of tooth cups and

horizontal movement of the mandible [31]. An occlusal tooth in

contact normally results in 3-directional forces defined in the pre-

sent study. A vertical compressive load (mastication force) of 100 N

[32,33] along the axis of implant, lateral load (lateral movement of

mandible during mastication) of 40 N [34] in Bucco-lingual direc-

tion (cheek-tongue direction) and an oblique load (100 N) at 45�

inclination to longitudinal axis of implant (due to motion of mand-

ible & inclination of tooth cusps) [35–37] were applied to occlusal

plane of the crown to analyze the stress distribution in the cancel-

lous bone in the vicinity of implant-bone interface. The oblique

load is applied as a vertical and horizontal component of force on

the crown surface. The bottom and lateral side bone nodes of FE

model were constraints in 3 directions with degree of freedom

zero. A contact stress analysis was performed using Abaqus soft-

ware [38,39] with loads and constraints shown in Fig. 2(a).

4. Result and discussion

Self-tapping capability of implant tip is improved using cutting

flutes [13]. In the present study the commercial model IS-1 and IS-

3 has two cutting flutes (CF-2) and model IS-2 and IS-4 has three

cutting flutes (CF-3). Implant flute design consists of some vari-

ables, which includes shape of flutes, length, depth, and number

of flutes. All design iteration with change in number of cutting

flutes were compared with the original cutting flutes provided at

the tip of implant. Comparison between the selected dental

implant system for von Mises stress results under applied vertical

load, lateral load and oblique load are presented in Figs. 3–5,

respectively.

In Model IS-1 (CF-2) the von Mises stress in the cancellous bone

near the flutes and bone interface under 100 N vertical, 40 N lateral

and 100 N oblique were 5.64, 6.25 and 10.38 MPa respectively

(Fig. 6). These stresses were 10.8–59.9% larger than CF-3 models

while 22–35.15% larger than CF-4 models, except vertical loading

conditions. In Model IS-2 (CF-3) the von Mises stress in the cancel-

lous bone near the flutes and bone interface under 100 N vertical,

40 N lateral and 100 N oblique were 5.72, 4.91 and 9.22 MPa

Table 2

Mechanical Properties of Implant System.

Implant system components Materials E (MPa) m References

Implant, Abutment and Screw Titanium alloy 110,000 0.33 [9,21,27]

Hard jawbone Cortical bone 13,700 0.26 [2,14,27]

Soft jawbone Cancellous bone 1370 0.31 [14,21]

Crown Porcelain 70,000 0.19 [9]

Fig. 3. von Mises stress results comparison between numbers of cutting flutes

under 100 N vertical load.

Fig. 4. von Mises stress results comparison between numbers of cutting flutes

under 40 N Lateral load.

Fig. 5. von Mises stress results comparison between numbers of cutting flutes

under 100 N oblique 45� load.
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Fig. 6. Cancellous bone (cut-section view) showing von Mises stress distribution near cutting flutes implant-bone interface of original Implant system (IS-1) under vertical

(a), lateral (b) and oblique load (c).

Fig. 7. Cancellous bone (cut-section view) showing von Mises stress distribution near cutting flutes implant-bone interface of original Implant system (IS-2) under vertical

(a), lateral (b) and oblique load (c).
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respectively (Fig. 7). Shu-Wei Wu et al. [12] study shows that

insertion torque value of the nonfluted implant is considerably

higher than that of the fluted implant which ultimately increase

the stress at bone level. The von Mises stress in the cancellous bone

near the flutes and bone interface under 100 N vertical and 40 N

lateral is increased by 18.1 and 15.9% in comparison with model

CF-2 and CF-4 respectively while 100 N oblique it will decrease

by 6.94% in model CF-2 and increased by 5.9% in model CF-4.

In Model IS-3 (CF-2) the von Mises stress in the cancellous bone

near the flutes and bone interface under 100 N vertical, 40 N lateral

and 100 N oblique were 4.77, 5.04 and 7.61 MPa respectively

(Fig. 8). The von Mises stress in the cancellous bone near the flutes

and bone interface under 100 N oblique load (Fig. 5) is decreased

by 6.5% with model CF-3 but its eventually reduce the primary sta-

bility [23] and increased by 5.1% with model CF-4 whereas under

lateral load (Fig. 4) it is increased by 16.1% in model CF-3 and

decreased by 5.4% with model CF-4. Under vertical load (Fig. 7)

the von Mises stress value is decreased by 18.1 and 40.3% with

model CF-3 and CF-4 respectively. In Model IS-4 (CF-3) the von

Mises stress in the cancellous bone near the flutes and bone inter-

face under 100 N vertical, 40 N lateral and 100 N oblique were

4.51, 3.74 and 7.65 MPa respectively (Fig. 9). The von Mises stress

in the cancellous bone near the flutes and bone interface under

100 N vertical (Fig. 3) and 100 N oblique (Fig. 5) were larger than

38.5 and 24.9% than model CF-2. Similarly, the stress values were

smaller than 3.0 and 28.3% with model CF-4.

In one of the comparative study by Jimbo R. et al. [40] shows

that, the implant with a modified cutting flute design significantly

reduced the insertion torque compared to implants with a tradi-

tional cutting flutes thread, and resulted in a different healing pat-

tern that may be beneficial to improve stability. Compared with all

three cutting flutes model in the present study, IS-2 and IS-3 shows

minimum stress difference at the interface under oblique and lat-

eral loading. Similarly, model IS-1, IS-2 and IS-4 shows minimum

stress variation at the interface under vertical loading. The model

IS-1 and IS-4 under oblique loads and model IS-3 under vertical

load shows large variation in the stress near the cutting flutes

implant-bone interface.

5. Conclusions

Present study compared the von Mises stress results obtained

from original cutting flutes models with those simulated for the

range of number of cutting flutes from numerical analysis. The

maximum von Mises stress is concentrated near the cutting flutes

zone during the masticatory force. The influence of number of cut-

ting flutes of all selected implant system on stress distribution pat-

tern at implant-bone interface was evaluated. Stress distribution in

all models of implant system at the interface near the cutting flutes

appeared to be symmetrical under all loading conditions. Stress in

the model IS-3 (CF-2) is much smaller than the model CF-4 under

applied vertical load. IS-4 (CF-3) system shows minimum stress

with the model CF-2. Similarly, IS-2 (CF-3) system shows mini-

mum stress under oblique loading condition. Implant system with

CF-4 is not recommended as it gives higher stress concentration at

the bone-implant interface near the cutting flutes. From the pre-

sent study though the cutting flutes helps in implantation, still

implant system with two cutting flutes (CF-2) is recommended

as it will produce less stress concentration at the interface near

the cutting flutes edges. The implant system with number of cut-

ting flutes is an acute parameter to effectively transfer the mastica-

tory force and avoid the high stress concentration region into

cancellous bone.

Fig. 8. Cancellous bone (cut-section view) showing von Mises stress distribution near cutting flutes implant-bone interface of original Implant system (IS-3) under vertical

(a), lateral (b) and oblique load (c).
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