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Purpose. +e purpose of this study was to evaluate and compare the strain developed in D2 and D3 types of bones on vertical
loading by platform switch implants of different diameters.Materials and Methods. Implants of diameters 3.25mm, 4.2mm, and
5.0mm and of length 11.5mm were taken and placed each on D2 and D3 bone models. Strain gauges were attached on the buccal
and the lingual sides on each of these samples, and a vertical load of 190Nwas placed on the samples.+e strain was recorded using
a data logger.+e data obtained was analysed using one-way ANOVA and post hoc Tukey test. Results. In D2 andD3 bonemodels,
3.25mm significantly showed greater bone strain values.+e buccal side strain was higher irrespective of the implant diameter and
density of bone. Conclusion. Within the limitations of the study, it may be concluded that the narrow diameter implant produces
greater strain than 4.2 and 5.0mm diameter implants, respectively. +e buccal side consistently produced higher bone
strain values.

1. Introduction

+e success of prosthesis is assessed by the marginal bone
level around the implant. Marginal bone loss is a compli-
cated, multifactorial effect of mechanical and biological
factors.

Biomechanical factors that influence stress in the bone
around an implant include the quality and quantity of bone,
implant design, diameter, and platform switching among
other factors [1]. Misch classified bone quality into 4 types,
based on their densities: D1, D2, D3, and D4.

However, D2 and D3 are the most commonly found
types of bones and are the most suited for osseointegration
[2].+e bone quality in the planned area dictates outcome of
the treatment, implant design, surgical approach, time of
healing, and initial progressive bone loading during pros-
thetic reconstruction [3, 4].

Platform switching has been found to decrease or
remove any predictable postrestoration remodeling of bone

at the crest. +e concept was introduced by Lazzara and
Porter, who showed minimal vertical bone loss radio-
graphically around implants with mismatched abutment [5].
According to biomechanical theory, connection of the im-
plant with an abutment which is smaller in diameter restricts
resorption of bone by guiding occlusal forces in the same
direction as the axis of implant and by transferring away
stress concentration zone from crestal bone implant surface
[6].

Two types of loads, namely, vertical and transverse, from
mastication, act on implant-supported prosthesis leading to
axial forces and bending moments leading to concentration
of stress on both implant and the bone [7, 8]. Hence,
qualification and quantification of these forces can help to
determine the clinical behavior of these devices [7]. Photo
elasticity, finite element analysis (FEA), and strain mea-
surement techniques have all been used to determine the
developed stress around the implants. +e FEA results
concluded with the decrease in implant diameter, and there
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was an increase in the stress concentration. Abutment
connection design was also found to be responsible for the
concentration of strain in bone around the implant. How-
ever, little is known about the stress variation with varying
bone densities in this regard [9].

Wagenberg and Froum conducted a 11-year prospective
study to evaluate implant survival and crestal bone levels
around implants that used platform switching concept. +is
is the longest follow-up prospective investigation and
confirms the concept of preservation of crestal bone [10].
+e configuration of platform switched abutments helped
produce significantly less strain concentration in the peri-
implant bone and provides a damping effect. Rodriguez et al.
by finite element analysis compared the biomechanical re-
sponse of three types of implant-abutment configurations
both before and after establishment of new biological width.
+e two implant-abutment designs featuring a smaller di-
ameter abutment on a larger diameter implant platform
achieved better results than the implant featuring implant
platform and abutment of the same-diameter, even though
their initial biomechanical load potential was lower [11].

Chun et al. investigated the behaviors of reduced-plat-
form restorations using 3-dimensional FEA and concluded
that there was a significant reduction in the stress at the
implant bone interface by 10% [12].

Hence, in this study, the authors aimed at analyzing and
comparing the stress distribution in comparable models of
different densities of bone with platform switched abutments
with varying diameters implants keeping the length con-
stant.+e null hypothesis was that the stress distribution was
not affected by different densities of bone and diameter of
implants when platform switched abutments are used.

2. Materials and Methods

Following Institutional Ethical Committee clearance and
obtaining appropriate consent, this study was carried out in
the Department of Prosthodontics of the Institution,
Mangalore, India, in collaboration with Konkan Speciality
Polyproducts Pvt. Ltd. (Baikampady Industrial Area,
Mangalore, India).

+e study was designed to be conducted on two different
types of bone: D2 and D3 simulators. +e American Society
for Testing Materials (ASTM) has standardized polyure-
thane blocks for testing orthopedic implants as they have
same mechanical properties as cancellous bone [13]. For this
reason, the polyurethane blocks of different densities,
simulating the D2 and D3 types of bones, were selected to
perform this study. Density of these bones used in this study
is in accordance with Misch’s classification.

2.1. Polyurethane Blocks. Two trabecular bone models of
sawbones were prepared, one corresponding to D2 and the
other D3 types of bones in accordance with bone density
classification of Misch. For D2, a solid polyurethane block of
40pcf (pound force per cubic foot) of dimensions 2× 2× 5 cm
was prepared (model 1522-05; Pacific Research Laboratories)
and a 3-mm-thick commercially available synthetic cortical

shell (model 3401-02; Pacific Research Laboratories) was at-
tached over it [14]. +e D3 bone was simulated using a
polyurethane block of 10 pcf of the same dimensions (model
1522-01; Pacific Research Laboratories) according to the
manufacturer’s instructions.+ree specimens of artificial bones
were prepared for each diameter of implants.

2.2. Preparation of Sample. Sequential osteotomy was done
on D2 and D3 bone, and implants of diameters each
3.25mm, 4.2mm and 5.0mm were placed, respectively,
using Paltop surgical kit (Paltop Master with drill stops kit)
(Figures 1(a) and 1(b)).

+en, the respective platform switched abutments were
placed onto the implants.

Strain gauges (Rosette strain gauges, National instru-
ment engineering, Jaipur, India) were attached on the buccal
and on the lingual sides at the implant abutment junction
(IAJ) tomeasure the strain, which was connected to a display
unit attached with a computer.

2.3. Study Protocol. +e samples were placed on a universal
testing machine (Z020; Zwick Roell), Konkan Speciality
Polyproducts Pvt. Ltd. (Baikampady Industrial Area,
Mangalore).

+e testing machine was connected to a computer, while
the strain gauges were connected to custom made data
logger (National Instrument Engineering, Jaipur, India)
which recorded the data separately on buccal and lingual
when subjected to load. +e samples were subjected to a
vertical load of 190N on the abutment at a head speed of
1mm/min.

+ree recordings were taken for each specimen, and the
average was obtained for each.

3. Results

+e strains were measured at buccal and lingual sides under
vertical loading.

Strain generated at implant abutment junction in 3
different diameters of platform switched implants on D2 and
D3 types of bones was compared using one-way ANOVA
and post hoc Tukey test (Tables 1 and 2).

Under vertical loading, on D2, the highest strain was
observed with 3.25mm, on the buccal, while 4.2mm produced
the highest strain on the lingual side (Figures 2(a) and 2(b)).

Under vertical loading on D3, the highest strain was
observed with 3.25mm on both the buccal and lingual
(Figures 3(a) and 3(b)).

A comparison between the groups shows that, for each
diameter, the buccal strain is significantly more (p< 0.001)
than the lingual strain irrespective of diameter and density of
bone.

4. Discussion

+ere have been many studies conducted previously which
concluded that the platform switching was effective in re-
ducing the crestal bone loss [15]. +ey compared mainly
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with the conventional and platform switching, but none, to
the best of author’s knowledge, compared the effect of
various diameters of platform switch implants on different
types of bones. Hence, it becomes imperative to analyze the
distribution of stress/strain and its relation with the different
implant and abutment connection and bone. +e current
study attempted to analyze the amount of stress distribution
amongst three different diameters of platform switch im-
plants on twomost commonly found bone types: D2 andD3,
as various studies previously.

+e present study found that 3.25mm diameter platform
switched implants produce significantly more bone strain
values, p< 0.01 (buccal: 444; lingual: 367.5) when compared
to 4.2mm (buccal: 402; lingual: 350) and 5.0mm (buccal:
365; lingual: 331.5) on D2 and 3.25mm diameter platform
switched implants produces significantly more bone strain
values (buccal: 141; lingual: 157) when compared to 4.2mm
(buccal: 134.5; lingual: 149.5) and 5.0mm (buccal: 116;
lingual: 142.5) on D3 bone. +e results also indicate greater
bone strain values on the buccal cortical plate as compared to
the lingual cortical plate irrespective of the implant diameter

and density of bone.+is is may be due to the fact that buccal
cortical plate is relatively thinner when compared to the
lingual cortical plate [16]. +e results also indicate greater
bone strain values in the D2 type of bone as compared to the
D3 type of bone. +is may be explained by the quality and
internal architecture of D2 andD3 types of bone.+e density
of D2 bone is in the range of 850 to 1250 Hounsfield units,
and density of D3 is 350 to 850 Hounsfield units. +e stress
dissipating characteristics of D3 bone on account of its
higher trabecular content is responsible for lower bone
strain values. Dental implant complications develop through
fracture of the porcelain, loosening of the screw, implant
component fracture, and crestal bone loss [17–20]. +ese
complications arise often due to incorrect loading of the
implant prosthesis complex, which results in the undue
stresses in the different components of the dental implants
and bone [21].

Histological studies have been of great help in further
stressing on the beneficial effect of platform switch implants
[22]. +ough many studies analysed the stress distribution
on the bone around the implants, no studies, to the best
knowledge of the author, examined the effect of various
diameters of platform switched implants on the various
densities of peri-implant bone at the implant abutment
complex. +ere was a need for different method to measure
the strain to relatively get the values closer to real time other
than FEA. Hence, strain gauges became quite popular as a
testing aid along with the universal testing machine.

One of the possible reasons is a change of design of
platform switch implants that increases the space between
crestal bone and the inflammatory cell infiltrate in the
microgap reducing or preventing any chances of bone loss
due to remodeling of the bone [8, 23]. Some researchers also
suggested a shift in the stress concentration to the more
cancellous bone when the implant is being loaded, thereby
decreasing the chances of marginal bone loss [24–27].

Pellizzer et al. studied the influence of platform
switching on stress and concluded by photoelastic analysis
that wide diameter implants and platform switching im-
plants had similar stress concentrations which were lower
than the conventional regular diameter implants [28]. +e
current study found similar results that, with an increase in

(a) (b)

Figure 1: Sequential osteotomy preparation for the placement of implants representative polyurethane blocks of 40 pcf of dimension
2× 2× 5 cm with 3mm cortical shell simulating d2 bone (a) and representative polyurethane blocks of 10 pcf of dimension 2× 2× 5 cm d3
bone (b).

Table 1: Microstrain values on vertical loading on D2 bone on
buccal and lingual for different diameters of implants.

Location Implants Vertical loading microstrain

Buccal
3.25 −444
4.2 −402
5.0 −365

Lingual
3.25 −367.5
4.2 −350
5.0 −331.5

Table 2: Microstrain Values on Vertical Loading on D3 bone on
Buccal and Lingual For Different Diameters of Implants.

Location Implant Vertical loading microstrain

Buccal 3.25 141
4.2 134.5

Lingual
3.25 157.5
4.2 149.5
5.0 142
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the diameter, there is a decrease in the stress concentration.
Hsu et al. also concluded that stress in bone was reduced by
increased implant diameter rather than by the platform-
switching technique for immediately loaded implant [14].
Recent studies provide further insight into additional factors
that may also influence peri-implant bone. Guarnieri et al. in
their study reported replacement of different prosthetic
components can lead to loss of bone [29]. In addition, peri-
implant tissues represent a higher proinflammatory state
which may contribute to bone loss. Also, laser microtextured
implant surfaces and their distinct relation with surrounding
tissues and marginal gingival interface may create envi-
ronment changes that could modify the production of cy-
tokines, thereby associated with protection against bacterial
pathogens during the postsurgical healing phase [30].
+erefore, these additional factors promoting peri-implant
bone loss needs to be investigated.

+e null hypothesis was rejected as, with the increased
diameter of the platform switching implants, there was a
decrease in the stress around implant abutment junction
irrespective of the bone type and architecture. However,
further investigations are required to confirm the findings.

+is study, though, tried every possible measure to
simulate the clinical situation more closely, but there are few
limitations to the present study. +e bone simulation was
done using artificial substitute. +e substitute morphology
and homogeneity are a limitation as the bonemay not always
present with the exact specifications, and this could in turn
may affect the results. +e authors could not simulate the
dynamic nature of human mastication. +e values were
obtained for the areas only where the strain gauges were

attached. +e viscoelasticity and muscle attachments were
not simulated, which is a matter of investigation and could
influence the results.

5. Conclusion

Within the limitations of the study design, it can be concluded
that 3.25mm diameter implant produces higher strain values
on D2 and D3 bones as compared to 4.0mm and 5.0mm
diameters of implants, respectively. +e buccal side had more
bone strain values when compared with the lingual.

Data Availability

Data are available from the corresponding author upon
request.

Conflicts of Interest

+e authors declare no conflicts of interest.

References

[1] G. A. Zarb and A. Schmitt, “Implant prosthodontic treatment
options for the edentulous patient,” Journal of Oral Reha-
bilitation, vol. 22, no. 8, pp. 661–671, 1995.

[2] C. E. Misch and H. A. Abbas, Contemporary Implant Den-
tistry, Missouri and Mosby, Eds., no. 3, Elsevier, Amsterdam,
Netherlands, 2008.

[3] D. L. Cochran, “+e scientific basis for and clinical experi-
ences with Straumann implants including the ITI Dental

D2 - Buccal

-550
-500
-450
-400
-350
-300
-250

4.2 53.25

(a)

D2 - Lingual

-430
-410
-390
-370
-350
-330
-310
-290
-270

4.2 53.25

(b)

Figure 2: Medians and interquartile ranges of peak values of principal microstrains on buccal (a) and lingual (b) sides of D2 bone under
vertical loading.

D3 - Buccal

100
110
120
130
140
150
160
170

4.2 53.25

(a)

D3 - Lingual

90

110

130

150

170

4.2 53.25

(b)

Figure 3: Medians and interquartile ranges of peak values of principal microstrains on buccal (a) and lingual (b) sides of d3 bone under
vertical loading.

4 International Journal of Dentistry



Implant System: a consensus report,” Clinical Oral Implants
Research, vol. 11, pp. 33–58, 2000.

[4] M. Quireynen, D. Van Steenberghe, and I. Naert, “Fixture
design and overload influence marginal bone loss and fixture
success in the branemark system,” Clinical Oral Implants
Research, vol. 3, pp. 104–111, 1992.

[5] M. M. A1-Nsour, H. L. Chan, and H. L. Wang, “Effect of the
platform-switching technique on preservation of peri-implant
marginal bone: a systematic review,”)e International Journal
of Oral & Maxillofacial Implants, vol. 27, pp. 138–145, 2012.

[6] L. Shi, H. Li, A. S. Fok, C Ucer, H Devlin, and K Horner,
“Shape optimization of dental Implants,” )e International
Journal of Oral & Maxillofacial Implants, vol. 22, pp. 911–920,
2007.

[7] D. K. Prasad, M. Shetty, N. Bansal, and C. Hegde, “Crestal
bone preservation: a review of different approaches for suc-
cessful implant therapy,” Indian Journal of Dental Research:
Official Publication of Indian Society for Dental Research,
vol. 22, pp. 317–23, 2011.

[8] R. J. Lazzara and S. S. Porter, “Platform switching: a new
concept in implant dentistry for controlling postrestorative
crestal bone levels,” )e International Journal of Periodontics
& Restorative Dentistry, vol. 26, pp. 9–17, 2006.

[9] J. Maminskas, A. Puisys, R. Kuoppala, A Raustia, and
G Juodzbalys, “+e prosthetic influence and biomechanics on
peri-implant strain: a systematic literature review of finite
element studies,” Journal of Oral & Maxillofacial Research,
vol. 7, p. e4, 2016.

[10] B. Wagenberg and S. J. Froum, “Prospective study of 94
platform-switched implants observed from 1992 to 2006,”)e
International Journal of Periodontics & Restorative Dentistry,
vol. 30, pp. 9–17, 2010.

[11] X. Rodriguez-Ciurana, X. Vela-Nebot, and M. Seglla-Torres,
“Biomechanical repercussions of bone resorption related to
biologic width: a finite element analysis of three implant-
abutment configurations,” Int J Periodontics Rcstorativc Dent,
vol. 29, pp. 479–487, 2009.

[12] H.-J. Chun, S.-Y. Cheong, J.-H. Han et al., “Evaluation of
design parameters of osseointegrated dental implants using
finite element analysis,” Journal of Oral Rehabilitation, vol. 29,
no. 6, pp. 565–574, 2002.

[13] L. Chong, A. Khocht, J. B. Suzuki, and J. Gaughan, “Effect of
implant design on initial stability of tapered implants,”
Journal of Oral Implantology, vol. 35, no. 3, pp. 130–135, 2009.

[14] J. T. Hsu, L. J. Fuh, D. J. Lin, Y. W Shen, and H. L Huang,
“Bone strain and interfacial sliding analyses of platform
switching and implant diameter on an immediately loaded
implant: experimental and three-dimensional finite element
analyses,” Journal of Periodontology, vol. 80, no. 1,
pp. 1125–1132, 2009.

[15] L. F. Tabata, E. P. Rocha, V. A. Barão, and W. G. Assunção,
“Platform switching: biomechanical evaluation using three-di-
mensional finite element analysis,” )e International Journal of
Oral & Maxillofacial Implants, vol. 26, pp. 482–491, 2011.

[16] D. Endo, K. Ogami-Takamura, T. Imamura et al., “Reduced
cortical bone thickness increases stress and strain in the fe-
male femoral diaphysis analyzed by a ct-based finite element
method: implications for the anatomical background of fa-
tigue fracture of the femur,” BoneKEy Reports, vol. 13, Article
ID 100733, 2020.

[17] C. J. Goodacre, G. Bernal, K. Rungcharassaeng, and
J. Y. K. Kan, “Clinical complications with implants and im-
plant prostheses,” )e Journal of Prosthetic Dentistry, vol. 90,
no. 2, pp. 121–132, 2003.

[18] R. Nedir, M. Bischof, S. Szmukler-Moncler, U. C Belser, and
J Samson, “Prosthetic complications with dental implants:
from an up-to-8-year experience in private practice,” )e
International Journal of Oral &Maxillofacial Implants, vol. 21,
pp. 919–928, 2006.

[19] H. J. A. Meijer, G. M. Raghoebar, R. H. K. Batenburg, and
A. Vissink, “Mandibular overdentures supported by two
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