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ABSTRACT

Almost all earlier mechanical analysis of implants presumed bone as an isotropic material while the bone is anisotropic. Clini-
cally, an implant never attains total contact with the adjacent bone. The study aims at examining the result of three implant thread
designs on stress dissipation features on the bone. We aimed to assess the result of three implant thread design on stress dissi-
pation on the bone. An online search was made for the articles using Google Scholar, Ebscohost and PubMed. Articles published
in the English language or those articles that have a detailed summary in the English language were included. Articles published
between 1st January 2010 and 31st October 2019 were selected. Scientific research papers, Randomized controlled trials were
included with data on the result of varying implant thread designs on stress dissipation on the bone. Out of 1234 articles that
were identified through electronic database searching. 18 articles were selected. These articles were screened for duplicates
and 4 articles were obtained after eliminating the duplicates. None were excluded after the screening of the duplicate articles.
This review provides an understanding of the effect of various abutment connections on the loosening of the screw. Out of all the
studies evaluated, 2 studies stated that Square thread design showed the least stress distribution for all degree of osseointegra-
tion while 2 other studies showed V-shaped thread design with minimum stress design.
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INTRODUCTION Thread designs improve primary contact, increase surface
area and facilitates the distribution of the stresses at the bone
and implant surface.’ The thread designs usually used in den-
tal implants are square, v-threads and reverse buttress.> The
success of dental implants depends on several factors. Stress
dissipation at the bone-implant interface is one of the main
factors.” Compressive stress of some amount is necessary to
initiate osseointegration while excess stress results in im-

plant failure in the form of bone resorption.® More compres-

Implants have become a vital option for the replacement
of the missing teeth.! The function of dental implants is to
distribute the load to the adjacent anatomical structures.
Therefore, the chief functional design objective is to transfer
biomechanical loads to enhance the function of the implant-
supported prosthesis.” The thread geometry of implant is a
major factor in the biomechanical properties of dental im-

plants.’ Thread geometry may vary according to pitch, depth
and shape.>* Even though stress distribution may be affected
with different thread pitch and depth, the manufacturers more
commonly provide implant systems with constant pitch and
depth.’ So, a superior design of threads is required for com-
mercial implant system.’

sive load transfer is provided on the reduction of shear load-
ing at the interface of thread and bone which is particularly a
crucial factor in D3 and D4 bone situations.?

The current study is used to examine the result of three
implant thread geometry on stress dissipation properties
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at adjacent anatomic structures. The main focus of this
study is to determine an optimum basic thread design
among three thread profiles i.e square, v-threads and re-
verse buttress.’

MATERIALS AND METHODS

Eligibility Criteria
Inclusion Criteria
Articles between 15t Jan 2009-31% Oct 2019

Articles in English language or the articles that can be
translated into English

All full-text articles
In vitro studies

Randomized controlled trial

Exclusion Criteria
* Articles that are in a language other than English.

Articles with full text not available.

Review articles.

Letters to editors

Case reports.

PICOS: Table 1 shows the required component
and its description

Table 2: Search Strategy

Table 1: Required component and its description for
study design.

Component Description
P (Product) Single-tooth implant posterior

I (Intervention) reverse buttress thread design, v-thread

design
C (Comparison)
O (Outcome)
S (Study design)

Square thread design
Stress distribution

Randomized controlled trials

INFORMATION SOURCES

PubMed, Ebsco and Google scholar were the three databases
that were used to complete the findings for all full-text arti-
cles available. Lists of the cross-reference of the chosen arti-
cles were checked for papers that might meet the suitable cri-
teria of the study. The search was done for studies published
from 1St Jan 2010 to 31st Oct 2019.

Search Strategy

The comprehensive data search was done on PubMed, Eb-
sco and Google scholar. Articles published from 1st Jan 2010
to 31st Oct 2019 were included. Articles in the English lan-
guage were selected. Filters for full text and study designs
were not applied. The keywords used for searching articles
in PubMed are given in table 2.

Search Strategy Total Number of Number of Selected Number of articles after
Articles Articles duplicate removal
1 thread design 160 4 3
2 dental implant AND thread design 55 6 3
AND stress distribution AND finite
element analysis
3 dental implant AND finite element 91 4 3
analysis AND thread design
4 Dental implant AND thread design 400 5 2
4 Others 528 1 1
Total 1234 20 n
STUDY SELECTION In the final step, these articles were subjected to exclusion

All articles were searched with the help of the above-men-
tioned search strategy. For screening of articles, initially,
titles and abstracts were used to identify full articles con-
cerning the result of varying implant thread geometry on the
stress dissipation on the bone. After the articles were identi-
fied, duplicates from the respective searches were pulled out.
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and inclusion criteria for the review.!”

Data were extracted independently by the first author and
the data extraction was confirmed by other review authors.
The difference of any opinion between the reviewers was re-
solved with dialogue. After this, a data extraction sheet was
prepared.
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DATA COLLECTION PROCESS

Significant data from the selected articles were recorded for
screw loosening depending on connection design. A standard
pilot form in excel sheet was used. Data extraction was first
done for one of the selected articles according to the form
and was evaluated by an expert and finalized. Data extrac-
tion was then done for all the remaining articles.

DATA ITEMS

Selected articles were read thoroughly and the data was seg-
regated under the following headings in an excel sheet.

Study ID — Serial number.

Author — Author name.

Publication Year — When the article was published.

Location — Where the study was conducted.

Comparison Groups —Different implant thread designs

Sample Size of implants — Number of implants tested.

Brand Of Implant

Method of Loading — the method used for loading of

the implant

9. Outcome — Amount of stress distribution to the sur-
rounding bone

10. Results - Which implant thread design distributes min-
imum stress to the surrounding bone

11. Remarks - Comments of the author

12. Other Observations

NN R DD -

STUDY SELECTION

One review author(AN) screened independently the titles
and abstracts obtained by search strategy and included them
to check if they met the inclusion criteria. Later full texts of
all the included studies were obtained. After obtaining the
full texts of the articles they were screened after reading the
whole article and then decided if they met the inclusion cri-
teria. Whenever there was any doubt regarding any study if
it was eligible for inclusion, the problem was resolved via
discussion with the second author(NB). Ultimately, 3 studies
were included in the systematic review. All the recorded ar-
ticles had been recorded with reasoning for the exclusion of
each study. None of the authors was blinded to the journal ti-
tles, study or the institutions where the study was conducted
(Figure 1).

706 Records were identified through the data search using
search strategy in Pub Med while 528 articles were identi-
fied through Ebsco and other search engines. The second
step was screening through the titles and after the screening,
1227 articles were excluded because they were not related to
the objectives of the systematic review. Some articles men-
tioned studies done in vitro, some focused on osseointegra-
tion while the others did no study on stress distribution. 29

articles which remained were screened for duplicates manu-
ally. Out of 29 articles, 9 articles were found to be duplicates
and hence remaining 11 articles were screened through ab-
stracts as a next step. Finally, 4 articles were screened for
full text. At the end, 4 studies remained which underwent
qualitative synthesis ( Table 3).
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Figure 1: Preliminary screening consisted of 1234 studies.

Table 3: Preliminary screening of Articles for study
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Out of the 4 studies, 2 studies stated that Square thread design
showed the least stress distribution for all degree of osseointe-
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gration while 2 other studies showed V-shaped thread design
with minimum stress design.

Some studies don’t give a definite conclusion because of the
smaller sample sizes, differences in implant system used for
the study, variety of groups compared, and relevant articles
being available in languages other than English. The stress
distribution pattern was not affected by the different use of
implant thread designs and various osseointegration condi-
tions.

DISCUSSION

Several studies have been conducted to assess the result of
varying implant thread designs on stress dissipation on bone
This systematic review has been endeavoured to find the best
available evidence to establish which implant thread design
dissipates the least force on the surrounding bone. However,
it is difficult to draw inference from the articles selected as
they cannot be compared directly due to the diversity of eli-
gibility criteria’s, assessment methods and outcomes. Seven
papers were identified and included.'? The consequence of
varying thread geometry of implant on stress dissipation in
the peri-implant bone are observed. Four different implant
thread designs were compared i.e buttress, reverse buttress,
square and v-shaped through finite element analysis. In con-
clusion, square threads exhibited the most favourable out-
come.’ Eraslan et al. (2009)!° evaluated the result of thread
geometry on stress dissipation in an implant. Four different
implant thread-form configurations were assembled with
the adjacent structure of bone. Buttress, reverse buttress,
V-thread and square thread designs were reproduced. 100N
fixed axial occlusal load was put vertically over the surface
of the abutment to determine the dissipation of stress. The
von Mises stress values showed that highest stress applica-
tions were detected at the loading areas of the implant abut-
ments as well as for all models at the cervical cortical bone
region. The current investigation presents that the applica-
tion of three dissimilar thread geometry did not influence the
von Mises concentration at adjacent bone form. The com-
pressive stress concentrations however varied by varying
thread profiles.

Dhatrak et al. (2017)"! evaluated the Stress dissipation of im-
plants around Implant-Bone Interface. Square, v thread and
buttress thread profiles were used in the study. 300N of the
static load was applied to the top of the abutment to figure
out the shear stress around the implant and bone region. The
maximum value of stress is found in the model containing the
reverse buttress thread profile around the apical part of the
implant while minimum value was detected in the implant
with V thread profile at the critical region, and is proved as
the most superior thread design amidst the rest two within
greatest shear stress criteria.

Nam et al. (2015)"? investigated the Stress dissipation char-
acteristics of four implant thread designs with the force of
100 N was applied onto the top of implant abutment at 30
degrees with the implant axis. To mimic different osseoin-
tegration stages at the implant/bone interfaces, a nonlinear
contact condition was used to imitate immature osseointe-
gration and a bonding condition for mature osseointegration
states. He concluded that Stress dissipation characteristics of
the V-shape thread were in the middle of the four threads
in both the immature and mature stages of osseointegration.
This systematic review was an attempt to find the best avail-
able evidence to determine which implant thread design dis-
tributes the least force on the surrounding bone. However, it
is difficult to conclude the articles selected as they cannot be
compared directly due to the diversity of eligibility criteria’s,
assessment methods and outcomes.

CONCLUSION

The implant thread geometry is a major factor in the biome-
chanical properties of dental implants as they improve prima-
ry contact, enhance surface area and aids in the distribution
of stresses at the interface of bone-implant. Various studies
have been conducted to compare the distribution of forces on
the bone by the different implant thread designs. Some stud-
ies claimed square thread design as best while some claimed
V-shaped. It is difficult to draw a conclusion relating to the
eligibility criteria and as the studies don’t show a significant
difference in the results obtained for comparison. The stress
distribution pattern was not affected by the different usage of
implant thread geometry and varying osseointegration con-
ditions. More studies are required with a bigger sample size
as it is difficult to conclude at this stage.

Studies with larger sample size and long term follow up;
studies about all different kinds of thread designs in the same
sample may be carried out to evaluate which amongst the
different implant thread designs has the least value of stress
on both cortical and cancellous bones.
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