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Abstract 
Background: To determine qualitative comparison in stress distribution between surface coated implants and non 
surface coated implants using 2 different lengths and vertical, oblique, and lateral forces.
Material and Methods: 3 dimensional finite element study was carried out at first molar site with 4 surface coated 
and 4 non surface coated implants using mimic 8.11, solid edge 2004, hypermesh 9.0, and ansys12.1 software.
Results: The pattern of stress distribution was almost similar between vertical and oblique loading but varied with 
lateral loads between surface coated and non surface coated implants. As the length of the implants increased stress 
concentration had no significant variation between surface coated and non surface coated implants, but had a ten-
dency to increase at the abutment and abutment screw on all 3 forces.
Conclusions: Among the surface coated and non surface implants the pattern of stress distribution was similar sig-
nifying that surface coating of implants had no significant role in stress distribution using 3d finite element analysis 
and within the limitations of this study.
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Introduction
Significant progress has been made in the clinical use of 
oral and maxillofacial implants over the past three deca-
des. Statistics on the use of dental implants reveals about 
100,000 to 300,00 dental implants are placed per year 

as the aging population increases larger number of indi-
viduals are being defined as partially edentulous, using 
dental implants as a recent standard care (1).
Biomechanical optimization is an important objective 
in the design of dental implants. Although the success 
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rates of some implant systems have been high, implant 
failures; do occur even operated by a professional im-
plantologist (2,3). The failure is in part due to the occlu-
sal forces of various magnitudes and directions that the 
dental implants sustain, some of which can be very large 
(4). One of the effective ways to maintain excellent cli-
nical performance is to use a biomechanically optimized 
implant that provides a health stress strain level requi-
red for normal bone resorption and deposition processes 
at the implant site. Most efforts have been directed at 
optimizing implant geometry in order to maintain a be-
neficial stress level at the bone-implant interface. The 
effects of various parameters such as load direction and 
bone quality on the performance of a dental implant are 
very important. A better understanding of these effects 
will lead to a significant improvement in the design of 
dental implants (5-7).
A key factor for the success or failure of a dental implant 
is the manner in which stresses are transferred to the su-
rrounding bone (7). Vertical and transverse loads from 
mastication induce axial forces and bending moments 
and result in stress gradients in the implant as well as in 
the bone. Forces and moments transferred from implants 
to the surrounding bone depend on the type of loading, 
the bone implant interface, implant geometry, the pros-
thesis type, and the quantity and quality of the surroun-
ding bone (5). The continuing search for “osseoattracti-
ve” implants is leading to surface modification involving 
biological molecules by attaching or releasing powerful 
cytokines and growth factors, desired cell and tissue res-
ponses may be obtained. Using even a simple delivery 
system introduction of bone morphogenetic protein at 
the tissue implant interface was shown to enhance the 
rate of periprosthetic bone formation.
Biological factors determine the maintenance and en-
hancement of implant stability hence the importance of 
an implant surface that favorably supports the biological 
bone healing process is of paramount importance the cu-
mulative results of which is a significantly stronger and 
faster osseointegration of the implant and the effects of 
stress distribution in these implants . Optimizing implant 
geometry in order to maintain a beneficial stress level at 
the bone-implant interface is a complex issue (8).
Researchers can predict stress distributions in the contact 
area of an implant in cortical bone and around the apex of 
an implant in trabecular bone with Finite element analysis 
(FEA). FEA is an effective tool used to evaluate the bio-
mechanical characteristics of different types of dental im-
plants. The literature reflects that it has been widely used 
to model the design and functionality of dental implants 
and predict features of design optimization (7).
-Aims and Objectives
The purpose of this study was to arrive at a qualitative 
comparison in the stress concentration/distribution be-
tween the surface coated implants and non surface coa-

ted implant by using computer simulations to examine 
clinical situations.
Three-dimensional finite element analysis models were 
used to evaluate the stress distribution patterns
1. crown, abutment, inscrew, implant, soft bone, hard 
bone
2. Loading directions. (vertical -30n, lateral - 10n, obli-
que -70n)
3. Different lengths of the same implant
4. Among surface coated implants and non surface coa-
ted implants.

Material and Methods
In the present study 3 Dimensional Finite element study 
was carried out at the first molar site with 8 different 
commercially available implants, (Out of which 4 were 
surface coated and other 4 were non surface coated im-
plants) to determine the stress distribution patterns. The 
implants used in the study are
Surface coated implants
1) Noble biocare Replace select tapered tiU 4.3mmD 
10mmL
2) Noble biocare Replace select tapered tiU 4.3mmD 
13mmL
3) Zimmer Tapered screw-vent 4.1mmD 10mmL
4) Zimmer Tapered screw-vent 4.1mmD 13mmL
Non surface coated implants
1) Adin tapered 4.2mmD 10mmL
2) Adin tapered 4.2mm D 13mmL
3) Uniti tapered 4.2mmD 10mmL
4) Uniti tapered 4.2mmD 13mmL
Loads and boundary conditions: -
For all the cases the bottom portion of the cortical bone 
and cross-sectional faces on either side of the bone is 
fixed. A vertical (30 N), Horizontal (10 N) and oblique 
(70 N), emulating the masticatory load, periodontal for-
ce and the muscle force respectively were in turn applied 
to each of the above models.
Loading pattern:-
1. Vertical force of 30 N
2. Lateral force of 10N
3. Oblique force of 70N
Software details
• CT scan of the bone and crown is taken into mimics 
8.11 software
• Surface data of the implant, abutment and inscrew is 
generated using solid edge 2004 software
• Finite element model is generated using Hypermesh 
9.0 software
• Analysis was carried out using Ansys 12.1 software
Hardware details
• Intel core 2 duo processor
• 4GB ram
• 320GB hard disk
Color coding for Von-Mises Stress
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Blue is minimum stress and red is the maximum in be-
tween shades are the variation of stress from minimum 
to maximum
Methodology: 
1. The geometric models of the Implant, inner screw, 
and abutment for all 8 designs were modeled using Solid 
Edge software by using reverse engineering technique 
(Creating the 3D CAD model by physically measuring 
and extracting the dimensions of the parts/components 
using precision tools and software)
2. The geometric model of the bone and crown was ob-
tained from the CT scan
3. The geometric models (surface and line data) are then 
imported into Hypermesh software for meshing
4. The process of converting geometric model into finite 
element model is called meshing
5. Finite element model consist of nodes and elements 
(Figs. 1,2).

Fig. 1: FEA models of Abutment, inscrew, implants.

Fig. 2: FEA models of crown soft bone and 
hard bone.

6. Assembled finite element model of the implants 
crown and bone is then imported into Ansys software 
for analysis
7. The material properties (young’s modulus and Pois-
son’s ratio) of crown, abutment, inner screw, implant, 
soft bone , cortical bone, and cement are entered in the 
pre-processing stage
8. The loads and boundary conditions mentioned above 
are applied in the solution stage
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9. Solving stage: solving each load case separately(  ver-
tical, oblique and lateral)
10. Post-processing the results and capturing the displa-
cement and von-misses stress contours of each indivi-
dual parts in the system
11. pre-processing, solving and post-processing are 
three stages in ansys.

Results
The stress distribution pattern between vertical lateral 
and oblique forces among all the samples used were 
analyzed using ANOVA and Turkey HSD test with a to-
tal sample size of 24 with 8 in each group. The mean, 
standard deviation, significance, and percentage of sig-
nificance for the3 loading condition in all the compo-
nents are given in the above table the results showed that 
in the soft bone, and hard  bone  there was 99.9% signi-
ficance and 99%  significance  in  inscrew using ANO-
VA. The multiple comparisons between vertical,  lateral,  
and oblique forces was done using TURKEY HSD test 
the results showed a significance of 99% between lateral 
and oblique loads in the inscrew and 99.9% significance 
between the lateral and vertical, and lateral and oblique 
in soft bone and hard bone.
The stress distribution patterns between surface coated 
implants and non surface coated implants were analyzed 
using Independent sample test in vertical, oblique, and 
lateral load with a sample size of 4 in each group. The  
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VERTICAL 

CROWN 
S 

N
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4 
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81.30 

87.55 

25.205 

11.574 

0.668 

0.675 
NS 

ABUTMENT 
S 

N
S 

4 

4 

84.698 

50.647 

51.56
9 

3.597 

0.236 

0.278 
NS 

INSCR EW 
S 

N
S 

4 

4 

29.747 

23.961 

2.902 

3.234 

0.037 

0.038 
95
% 

IM P LANT 
S 

N
S 

4 

4 

71.114 

60.862 

30.077 

11.549 

0.548 

0.560 
NS 

SOFT BONE 
S 

N
S 

4 

4 

7.627 

4.135 

4.518 

1.056 

0.183 

0.221 
NS 

HAR DBONE 
S 

N
S 

4 

4 

42.889 

21.513 

25.21
8 

2.015 

0.142 

0.188 
NS 

FULL 
S 

N
S 

4 

4 

116. 24 

87.55 

15.191 

11.574 

0.024 

0.026 
95
% 

Table 1: Statistical results between surface coated and non surface coated implants for vertical load.

mean, standard deviation, significance, and percentage 
of significance for all the components between the sur-
face coated implants (represented as S) and non surface 
coated implants (represented as Ns) are given in the ta-
ble  1. The results showed that in the INSCREW and the 
full component there was 95% significance. There was 
a significance of 0.037 and 0.038 when equal variances 
was assumed and not assumed respectively for an INS-
CREW and in full components the significance values 
were 0.024 and 0.026 respectively.
The mean, standard deviation, significance, and percen-
tage of significance for all the components between the 
surface coated implants (represented as S) and non sur-
face coated implants (represented as Ns) are given in the 
table 2. The results showed 99% significance in the INS-
CREW and in the full component there was 95% sig-
nificance. There was a significance of 0.002 and 0.006 
when equal variances was assumed and not assumed res-
pectively for an INSCREW and in full components the 
significance values were 0.039 and 0.076 respectively. 
The mean, standard deviation, significance, and percen-
tage of significance for al l the components between the 
surface coated implants (represented as s) and nonsurfa-
ce coated implants (represented as ns) are given in the 
table 3 the results showed that in the INSCREW and the 
full component there was 95% significance. There was 
a significance of 0.037 and 0.038 when equal variances 
was assumed and not assumed respectively for an INS-



J Clin Exp Dent. 2019;11(8):e713-20.                                                                                                                            Evaluation of stress between surface coated and non surface coated implants

e717

Model Group N Mean Std .d evi ati on Significan ce % 

CROWN S 

N
S 

4 

4 

88.42 

72.60 

20.723 

12.835 

0.242 

0.251 

NS 

ABUTMENT S 

N
S 

4 

4 

115. 34 

52.37 

87.160 

3.547 

0.199 

0.244 

NS 

INSCR EW S 

N
S 

4 

4 

36.812 

26.165 

1.556 

3.758 

0.002 

0.006 

95% 

NS 

IM P LANT S 

N
S 

4 

4 

84.685 

71.7 

41.757 

14.834 

0.579 

0.591 

NS 

SOFT BONE S 

N
S 

4 

4 

12.565 

13.872 

1.526 

0.349 

0.146 

0.185 

NS 

HAR D BONE S 

N
S 

4 

4 

82.357 

80.282 

4.093 

0.335 

0.351 

0.386 

NS 

FULL S 

N
S 

4 

4 

148. 58 

83.92 

48.773 

5.645 

0.039 

0.076 

95% 

NS 

	

Table 2: Statistical results between surface coated and non surface coated implants for lateral load.

	

Model Group N Mean Std .d evi ati on Signif ican ce % 

CROWN 
S 

NS 

4 

4 

69.76 

68.77 

21.683 

10.566 

0.937 

0.938 
NS 

ABUTMENT 
S 

NS 

4 

4 

72.602 

43.411 

44.204 

3.086 

0.236 

0.278 
NS 

INSCR EW 
S 

NS 

4 

4 

25.498 

20.537 

2.487 

2.771 

0.037 

0.038 
95% 

IM P LANT 
S 

SN 

4 

4 

60.954 

52.167 

35.782 

9.896 

0.548 

0.560 
NS 

SOFT BONE 
S 

NS 

4 

4 

6.539 

3.544 

3.871 

0.906 

0.183 

0.220 
NS 

HAR D BONE 
S 

NS 

4 

4 

21.615 

1.727 

21.615 

1.727 

0.142 

0.189 
NS 

FULL 
S 

NS 

4 

4 

13.859 

9.923 

13.859 

9.923 

0.031 

0.034 
95% 

	

	

	

	

Table 3: Statistical results between surface coated and non surface coated implants for oblique load.
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CREW and in full components the significance values 
were 0.031 and 0.034 respectively.

Discussion
FEA allows the estimation of the stress/strain state of 
extremely geometrically complex systems such as the 
dental implant–bone system. The more detailed the re-
presentation of its structural integrity, the more reliable 
the numerical results obtained. Thus, the prediction of 
dental implant success (9,10). In a two dimensional me-
thod it is not possible to study horizontal or oblique bite 
forces. Therefore it is not a valid representation of a cli-
nical situation (11,12). To suit the aims of this study, a 
three dimensional finite element model was generated, 
which was well suited to study the true biomechanical 
behavior. However, as a limitation in their study, oguz 
eraslan and ozgur inan (13). when compared four di-
fferent thread profiles analyzed implants that dint have 
threads at neck region. And they stated that Implants ha-
ving threads at neck region are commercially available, 
and this configuration type can be compared at a further 
study. So commercial available implants were taken as 
samples in this study. The magnitude of stress is depen-
dent on two variables: Force magnitude and cross sec-
tional area over which the force is dissipated. The force 
magnitude can rarely be completely controlled, but the 
functional cross sectional area over which the force is 
distributed can be optimized by selecting an implant 
geometry that has been carefully designed to maximize 
functional area. An increase in functional area serves to 
decrease the magnitude of mechanical stress imposed on 
the prosthesis, implant, abutment and biologic tissues  
(12).
Abutment type has significant influence on the stress 
distribution because of different load transfer mechanis-
ms and the differences in size of contact area between 
the abutment and implant Heoung jae et al have conclu-
ded that the internal hex abutment generated the least 
von mises stress for all the loading condition so straight 
abutments with internal hex were used in this study (13). 
In Normal masticatory function, occlusal loads cover a 
range of values from 15 to 50 N so 3 different forces 
were used with different direction of application of force 
to stimulate the dynamic nature of the forces generated 
in the mouth (14,15).
The implant diameter and length are responsible for 
microstrains, stresses, and eventually for micromotions 
generated at the bone-implant (16-18). The literature 
contains no studies defining with clarity the relationship 
between implant length and success rates. It has been 
reported that increasing implant length affects success 
rates up to a limit, while other studies report that implant 
length does not significantly affect survival rates, yet 
other studies correlate short implants either with increa-
sed failures or with similar outcomes to those reported 

with longer implants (19-20). Renouard et al, trying to 
explore the high failure rates of short implants, revealed 
that the surgical protocol used for short implant insertion 
did not include factors such as the evaluation of the bone 
quality and the implant surface. so surface coated com-
mercially available tapered internal hex implants with 
different lengths were used in this study.
-Sites of maximum and minimum stress concentration
A consistent observation from all the models was con-
centration of maximum stress at the bone-implant inter-
face at the level of neck of implant. This is in agreement 
with the findings of Hoshaw et al who conducted stu-
dies on tibia bones of dogs under cyclic stresses and 3D 
FEA conditions. (21) Another Consistent observation 
is near absence of stress in the apical region of the im-
plants. This supported the findings of Block et al who 
demonstrated that the amount of bone directly in contact 
with the apical surface of a loaded implant was much 
less than that surrounding the remainder of the implant. 
From this observation it was concluded that the apical 
region of the implant within the cancellous bone had 
little stress-induced stimulation. (22) For vertical load 
the maximum stress concentration was on the crown ex-
cept for zimmer implants which was on the abutment. 
For oblique load the maximum stress concentration was 
on the crown except for zimmer implants which was on 
the abutment. For lateral load the maximum stress con-
centration was on the crown for noble biocare and adin 
implant with 13mm length but was on the abutment for 
zimmer implant, the hard bone for uniti implant and at 
implant for adin implant with 10mm length.
-Stress distribution patterns between different lengths 
(10mm, 13mm) 
Vertical load
There was a decrease in stress concentration at the 
crown for both the surface coated implants. Increase in 
stress concentration in abutment, Inscrew, and implant 
was observed in both the surface coated implants. Mixed 
results were found in relation to bone condition. The-
re was a decrease in stress concentration at the implant 
and hard bone among the non surface coated implants. 
Increase in stress concentration was observed only in 
Inscrew for both the non surface coated implants. Mixed 
results were found in relation to crown, abutment, and 
soft bone (Fig. 3).
Oblique load
Among the surface coated implants there was a decrease 
in stress concentration in the crown. Among the surface 
coated implants there was an increase in stress concen-
tration at the abutment, inscrew. And implant. Among the 
non surface coated implants there was a decrease in stress 
concentration within implant and hard bone. Among the 
non surface coated implants there was an increase in stress 
concentration at the inscrew. Mixed results were found in 
relation to crown, abutment, and soft bone.
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Fig. 3: Full component of noble biocare 10mm length on vertical load of 30N.

Lateral load
There was a decrease in stress concentration at the 
crown for both the surface coated implants. Increase in 
stress concentration in abutment, Inscrew, and soft bone 
was observed in both the surface coated implants. Mixed 
results were found in relation to implant and hard bone. 
There was a decrease in stress concentration at the im-
plant and hard bone for both the non surface coated im-
plants. Mixed results were found in relation to crown, 
abutment, inscrew, and soft bone.
-Stress distribution patterns among all implants for ver-
tical, lateral and oblique forces.
The multiple comparisons between vertical, lateral, and 
oblique forces was done using TURKEY HSD test the 
results showed a significance of 99% between lateral 
and oblique loads in the inscrew and 99.9% significance 
between the lateral and vertical, and lateral and oblique 
in soft bone and hard bone
-Stess distribution patterns between surface coated im-
plants and non surface coated implants
Among surface coated and non-surface coated implants 
the pattern of stress distribution was almost similar ex-
cept at the inscrew. The amount of significance for lateral 
load was 99% but was similar between vertical load and 
oblique load in an inscrew among surface coated and non 
surface coated implant groups. The pattern of stress dis-
tribution was almost similar between vertical and oblique 
loading condition But varied with lateral load between 
surface coated and non surface coated implants.. So there 

is no significant stress distribution variation at implants 
between surface coated and non surface coated   implants.

Conclusions
The conclusions of this computer study are limited to the 
assumptions involved in the construction of the
computer models. Within the scope of this study, the fo-
llowing observations were made. 
1. The site of maximum stress concentration at the im-
plant was always at the neck of the implant for all the 3 
forces and all the 8 implants.
2. The minimum stress concentration was always at the 
soft bone for all the 3 forces and all the 8 implants.
3. As the length of the implant increased stress concen-
tration had a tendency to increase at the abutment and 
Inscrew on all the 3 forces.
4. The stress distribution patterns between vertical, late-
ral, and oblique forces showed similarity in all compo-
nents except in soft bone, hard bone and Inscrew.
5. The pattern of stress distribution was almost similar 
between vertical and oblique loading but varied with la-
teral load between surface coated implants and non sur-
face coated implants.
6. Among the surface coated and non surface coated im-
plants the pattern of stress distribution was almost simi-
lar except at the Inscrew  Signifying that surface coating 
of implants had no significant role in stress distribution 
at the implant but had signifying stress distribution 
effect at the abutment screw.
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-Future direction
Modeling of the bone– implant interface should incor-
porate the actual osseointegration contact area in cortical 
bone as well as the detailed trabecular bone contact pat-
tern through the use of contact algorithms in FEA. Since 
there was significance at the inscrew, soft bone and hard 
bone. Future studies should aim at optimizing the design 
modification at the inscrew as the bone quality cannot be 
controlled by the manufactures.
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