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The influence of thread geometry on implant
osseointegration under immediate loading:

a literature review
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Implant success is achieved by the synergistic combination of numerous biomechanical factors. This report
examines the mechanical aspect of implants. In particular, it is focused on macrodesign such as thread shape,
pitch, width and depth, and crestal module of implants. This study reviews the literature regarding the effect of
implant thread geometry on primary stability and osseointegration under immediate loading. The search strategy
included both in vitro and in vivo studies published in the MEDLINE database from January 2000 to June 2014.
Various geometrical parameters are analyzed to evaluate their significance for optimal stress distribution, implant
surface area, and bone remodeling responses during the process of osseointegration. [J Adv Prosthodont 2014;6:

547-54]
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INTRODUCTION

Dental implants have gained popularity as a successful
treatment modality for restoring edentulism. Many long-
term implant studies have revealed their survival rates
exceeding 95%.'% However, the potential for clinical fail-
ures and limiting factors is still present as a great concern
for clinicians. Traditionally, a healing period of 3 to 6
months has been recommended for osseointegration after
implant placement. Despite high predictability of this tradi-
tional protocol, a long, unloaded period is a major draw-
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back especially for patients with strong esthetic demand.
Even if patients have decent provisional prostheses fabri-
cated, they must undergo a series of follow-up appoint-
ments for adjustments and maintenance. Therefore, consid-
erable scientific interest has been focused on reducing the
healing petiod and loading of the implant.*

The definitions of immediate loading vary based on its
indications and protocols.* Immediate loading frequently
refers to the placement of a prosthesis in occlusion within
48 hours after implant surgery.” However, prosthesis can
often be fabricated immediately after the surgery to restore
a single tooth or partially edentulous dentition. This proto-
col may show a significant advantage to both clinician and
patient. Previous studies on immediate loading have report-
ed survival rates comparable to conventional loading.*"
However, the extent of loading and primary stability required
for successful osseointegration under immediate loading is
still open to debate and it is necessary to set standardized
protocol guidelines.

The presence of osseointegration is critical to evaluate
implant success. The effective bond between an implant
and its surrounding bone is created by various mechanical
factors. One of the key factors is implant design since it
determines primary stability and stress distribution during
osseointegration. The geometric features of an implant
influence sufficient initial contact to facilitate primary sta-
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Fig. 1. Implant macrodesign parameters used in this
report (Implant image from Neobiotech CMI [S-1I active®).

bility of the implant.! It also plays an important role on
implant capacity to withstand forces during the process of
osscointegration. Therefore, the optimal implant design
itself can improve the potential osseointegration process
and the primary and secondary stability of the implant.
There are two types of the implant design; macrodesign
and microdesign. The former includes thread geometry and
body shape while the latter consists of implant material and
surface treatment and morphology.'” Dental implants on
the market today are available in many different thread pat-
terns. In particular, this literature review was focused on
thread geometry such as shape, pitch, width and depth, and
crestal module as described in Fig. 1. The purpose of this
report sought to evaluate the effect of different implant
thread designs on load distribution and primary stability at
the implant-bone interface in an immediate loading situation.

MATERIALS AND METHODS

This study reviews the literature dealing with the influence
of implant thread geometry on primary stability of osseoin-
tegrated implants under immediate loading. A MEDLINE
search was conducted using the PubMed search engine. The
keywords used included; implant thread, implant macrode-
sign, immediate loading, thread geometry, thread shape,
thread pitch, thread depth, thread width, microthreads,
crest module and combinations of these keywords. The
articles published from January 2000 to June 2014 were
accepted. Both in vitro and in vive studies were included in
this review.

THREAD SHAPE AND STRESS DISTRIBUTION

Most dental implants can be found in various thread shapes
developed for effective inserting and force transmission.
Threaded implants are inserted into the osteotomy site by
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creating linear motion through rotation. Thread shapes
available for screw-retained implants include square shape,
V-shape, buttress and reverse buttress threads, which are
defined by the thread thickness and face angle.

Once an implant is inserted, bone undergoes constant
remodeling against external stress, called bone homeostasis.
When an implant receives optimal functional load, the sur-
rounding bone experiences remodeling and produces
woven bone. However, under extreme adverse stresses,
microfractures occur in the alveolar bone inducing “osteo-
clastogenesis”.!* Since bone formation is not fast enough to
fill in the damage, the defect becomes worse, resulting in
severe bone loss and ultimately implant failure.">'* However,
the optimal stress distribution is difficult to achieve, and
too little or much stress can induce bone resorption.'*!”
Therefore, implant threads should be fabricated to increase
surface contact area and favorable forces while reducing
adverse stimuli.

Recently, the finite element analysis (FEA) has been uti-
lized to understand the effect of those geometric parame-
ters on the load distribution at the surrounding regions.
Using FEA, Chang and his collegues evaluated the pattern
of micromotion within implants and surrounding bone
with different thread designs (trapezoidal, buttress, square,
and standard V-thread) under immediate loading of 300 N
axial load." The results revealed that all micromotion was
located near the interface of cortical and cancellous bone
and the square thread profile had the most favorable micro-
motion value. Eraslan ef al' performed the similar study
with four different thread forms under a static axial load of
100 N. The study reported that maximum stress was con-
centrated at the cervical cortical regions around the first
thread and the stress value was lowest in the square thread
type. Likewise, other previous FEA and animal studies
showed the most effective stress distribution and bone-to-
implant contact area (BIC) in the square thread shape.”?
Very few randomized clinical trials have evaluated the effect
of thread design on osseointegration under immediate
loading. However, McAllister ¢z a/* and Arnhart et al*
recently performed multi-center clinical trials using vari-
able-thread tapered implants (NobelActive, Nobel Biocare,
Gothenburg, Sweden) respectively. The data from both
studies demonstrated that the variable-thread tapered
implants exhibited successful clinical results under demand-
ing conditions of immediate loading. The summary of
these studies is shown in Table 1.

The FEA and iz vivo studies discussed above indicate
that stress distribution varies with the thread shape.
However, regardless of different thread designs, the maxi-
mum stress was concentrated near the cervical bone region
around the first thread of the implant. In particular, the
data from the FEA studies demonstrated that the square
thread type had more favorable stress distribution. Using
the variable-thread tapered implants, two multi-center clini-
cal trials also showed clinical results comparable to the
standard design. Although clinical evidence is limited, it is
possible to conclude that the thread shape plays an impor-



Table 1. Studies evaluating the effect of thread shape on stress distribution
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Study Method Thread shape Load Results
Chang et al. FEA Acme (trapezoidal) thread, 300 N axial load ¢ All micromotion was located near the interface
(2012)1® buttress thread, sgaure thread, of cortical and cancellous bone.
standard V-thread e An implant with an square thread profile might
provide the best primary stability under
immediate loading.
Erslan et al. FEA V-thread, buttress, reverse 100 N axial load ® Maximum stress was located at cervical
(2010)"® buttress, square thread cortical bone regions next to the first thread.
® The maximum von Mises stress value of the
square thread type was lowest.
Steigenga et al. Rabbit tibia  V-thread, reverse buttress, No intentional loading e The square thread had significantly more BIC.
(2004 square thread
Geng et al. FEA V-thread, thin thread, two 141 N oblique load at 45° e V-thread and thick square thread had
(2004)! square threads of 0.24 mm and significantly less stress in cancellous bone.
0.36 mm thread widths
Chun et al. FEA Plateau type, plateau with small 100 N axial and oblique e The square thread with filleted with a small
(2002)%? curvature, triangular, square, load at 15° radius showed the most effective stress

square with small radius

McAllister et al. Human, Variable-thread tapered implant
(2012)% 55 patients  (NobelActive, Nobel Biocare)
Arnhart et al. Human, Variable-thread tapered — NAI
(2012)% 177 patients  (NobelActive internal

connection), NAE (NobelActive
external connection)

Standard tapered - NR
(NobelReplace)

Immediate loading,
24-month follow-up

Immediate loading,
36-month follow-up

distribution.

¢ The variable-thread tapered implant can be a
safe and effective treatment option.

e Variable-thread design showed results
comparable to those of standard tapered
implants.

FEA = Finite element analysis; BIC = Bone-to-implant contact.

tant role in stress transfer between the implant and the sur-
rounding tissue and determines the primary stability of the
implant.

THREAD PITCH

Thread design should maximize implant surface area and
create a better spreading of stress and primary stability.”
Like thread shape, pitch is another important geometric
factor that determines the bone-to-implant contact and the
biomechanical load distribution. Thread pitch is defined as
the distance between two neighboring threads, measured on
the same side of the axis (Fig. 1).% It also refers to the
number of threads per unit length.*® Therefore, when
implants have the same length, smaller pitch indicates more
threads, leading to greater surface area. Another geometric
parameter related to thread pitch is lead. Lead is the dis-
tance within the same thread between before and after one
complete rotation in the axial direction. That is, for single-,
double-, and triple-threaded implants, lead increases by one,
two, and three times the pitch. Since lead indicates the dis-

tance that an implant would move after one turn, it plays an
important role on determining the speed of implant inser-
tion. Hence, thread pitch is clinically significant due to its
effect on surface area and insertion speed.”’

Multiple studies demonstrated that implants with small-
er pitch showed the greater surface area and better stress
distribution particularly in low-density bone as summarized
in Table 2. Otsini ¢ /*® conducted an animal study placing
“narrow-pitch” (0.5 mm) and “wide-pitch” (1.7 mm)
implants in a sheep iliac crest model. The findings suggest-
ed that the greater BIC gained by reducing thread pitch
could improve initial anchorage and primary stability in
cancellous bone. Another animal study performed by
Chung et al® also revealed that implants with a 0.6-mm
pitch created more crestal bone resorption than those with
a 0.5-mm pitch. In addition, the same results were found in
the studies using FEA models. Authors independently
reported that smaller pitch presented better load resistance
and less effective stress in their three-dimensional FEA
models.”***?' However, the optimal pitch values vary in dif-
ferent thread shapes. In the FEA study using triangular and
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Table 2. Studies evaluating the effect of thread pitch on load transfer and bone-to-implant contact

Study Method Thread pitch Load Results
Orsini et al. Sheep iliac  “Narrow-pitch” implant (0.5 8 weeks of loading ¢ Increasing the implant surface area by using
(2012)%8 crest mm), “wide-pitch” implant (1.7 implants with smaller pitch might be beneficial
mm) to improve primary stability in cancellous bone.
Chung et al. Beagle dogs Branemark with 0.6 mm pitch, 6-12 months of loading e Mean crestal bone resorption was greatest in
(2008)%° machined surface with 0.5 mm the Branemark group.
pitch, thermally oxidized surface e The percentage of BIC was highest in the
with 0.5 mm pitch thermally oxidized implants.
Chun et al. FEA Plateau type, plateau with small 100 N axial and oblique e Stress decreased as thread pitch decreased.
(2002)?2 curvature, triangular with 0.7- load at 15°
mm pitch, square with 0.9-mm
pitch, square with small radius
Ma et al. FEA Implants with pitches of 0.8, Axial and horizontal ¢ 0.8- mm pitch was more resistant to axial load.
(2007)% 1.6, 2.4 mm loading
Motoyoshi et al. FEA Mini-implants with pitches of Traction force of 2 N at e With the abutment connected, the best stress
(2005)* 0.5,1.0, 1.5 mm 45° to the bone surface distribution was observed in the lower pitch
implants.

Lan et al. FEA Triangular with pitches of 0.8, 143 N axial and oblique e Optimal thread pitch values for triangular and
(2012)% 1.2, 1.6 mm, trapezoidal with load trapezoidal implants were 1.2 mm and 1.6 mm
pitches of 1.2, 1.6 mm respectively.

e Thread pitch with more than 0.8 mm exhibited
better results for a screwed implant.
Kong et al. FEA V-thread with pitches from 0.5  Axial and bucco-lingual e Stress decreased with lower pitch from 1.6 mm
(2006)* to 1.6 mm load up to 0.8 mm. Thread pitch with less than 0.8

mm showed more stress.
e Thread pitch affects stress more significantly in
cancellous bone.

FEA = Finite element analysis; BIC = Bone-to-implant contact.

trapezoidal thread forms with various pitches, Lan and his
collegues recommended 1.2 mm and 1.6 mm as the optimal
thread pitches of triangular- and trapezoidal-threaded
implants respectively.”? For V-shape threads, the implants
with a 0.8-mm pitch produced the most favorable stress
distribution.*

The thread pitch determines the surface area available
for load transfer to the peri-implant tissue. The common
findings indicate that smaller pitch exhibits more favorable
stress distribution and reinforces the primary stability of
the implant. However, the optimal level of thread pitch var-
ies in different thread design; for example, a pitch of 0.8
mm had the most effective stress distribution for V-shape
threads. Lastly, thread pitch plays a more critical role in
enhancing the primary stability in low-density bone than in
high-density bone, so clinicians should pay close attention
to this geometric factor, especially when the bone quality is
poort.

THREAD DEPTH AND WIDTH

In addition to thread shape and pitch, its depth and width
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are important design parameters that affect the stress distri-
bution around endosteal implants. According to Misch,
thread depth is the distance from the outermost tip to the
innermost body of the thread (Fig. 1).** The same author
defines thread width as the distance between the superior-
most and inferior-most tip of a single thread measured axi-
ally (Fig. 1).* In other words, thread depth can also be cal-
culated by difference between the major and minor diame-
ter of the thread.*

Like the previously discussed geometric variables,
thread depth and width clinically influence implant inset-
tion and surface area. The shallower the thread depth, the
easier the implantation procedure, especially in the high-
density bone.* It may be able to climinate the need for tap-
ping during the surgery. On the contrary, deep threads
increase the functional surface area at the bone-implant
interface, which can improve primary stability in the low-
density bone or the region with high occlusal load. Therefore,
various implant systems are available in the market using
progressive threads; for example, Ankylos (Dentsply Friadent,
Mannheim, Germany).'? In this thread form, thread depth
gradually decreases from the apical end to the coronal neck
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Table 3. Studies evaluating the effect of thread depth and width on stress distribution and bone-to-implant contact

Study Method Thread depth and width Load Results
Ao et al. FEA Cylinder implants with height of 100 N axial load and 30 N e Thread depth affected the stress distribution
(2010)* 0.2-0.6 mm and width of 0.1- 45° buccolingual load more significantly than thread width.

0.4 mm e Threads with depth of more than 0.44 mm
and width of 0.19-0.23 mm showed the most
favorable results.

Kong et al. FEA Cylinder implants with height of 100 N axial load and 50 N e The optimal values of thread depth and width
(2008)% 0.2-0.6 mm and width of 0.1- 45° buccolingual load were 0.34-0.5 mm and 0.18-0.3 mm

0.4 mm

respectively.

e Thread depth was also a more sensitive factor
to reduce the peak stress concentration
within the bone.

FEA = Finite element analysis.

of the implant. It is allegedly claimed that it may transfer
the stress away from the crestal cortical region, preventing
possible bone resorption.'?

Despite the advantageous effect of thread depth and
width, there have been few studies designed to examine
these geometric parameters. Ao’s study is one of the few
which evaluated the maximum von Mises stresses in the
implants with various thread depths and widths under
immediate loading™ A three-dimensional FEA model was
created for immediate loading applied at an axial load of
100 N and a 45-degree buccolingual load of 30 N. The
thread depths and widths used in this study respectively
ranged from 0.2-0.6 mm and 0.1-0.4 mm. The results
revealed that thread depth affected the stress distribution
more significantly than thread width. Threads with depth
of more than 0.44 mm and width of 0.19-0.23 mm showed
the most favorable biomechanical behavior for the immedi-
ately loaded cylinder implants designed in this study. A sim-
ilar study was petformed by Kong e¢# 2/’ Instead of a
45-degree buccolingual load of 30 N, 50 N was used and
the rest of the FEA modeling conditions were the same as
Ao’s. The results were consistent with Ao’s data. The opti-
mal values of thread depth and width were 0.34-0.5 mm
and 0.18-0.3 mm respectively and the thread depth was also
a more sensitive factor to reduce the peak stress concentra-
tion within the bone. A more detailed description of Ao’s
and Kong’s studies is available in Table 3.

As a result of a lack of clinical evidence, it is difficult to
establish consensus guidelines for the optimal level of
thread depth and width. However, similar values were
obtained by both Ao and Kong’s studies using the immedi-
ately loaded cylinder implants. Another common finding
was that thread depth had a more significant impact on
effective stress distribution than thread width. Additional 7»
vivo studies and clinical trials are necessary to confirm the
observations made in these studies.

CRESTAL MODULE

Crest module refers to the neck portion of the implant.
Implant neck configurations can be critical for minimizing
the marginal bone loss. Previous studies have reported a
strong association between crestal module and marginal
bone resorption.”” This area is important for implant pri-
mary stability because the transition from an endosteal
environment to an oral cavity occurs here. In addition, this
is the region where the thick cortical bone is present and
the occlusal stress is concentrated.?’

Previously, smooth crest module was common to pre-
vent plaque accumulation because it was exposed above the
crestal plate. However, Hermann ef a/” and Hanggi et al*
reported that shear forces increased at the crestal region
when a smooth neck was inserted below the bone crest,
leading to marginal bone resorption and pocket formation.
Furthermore, some authors raised the concept of “disuse
atrophy”.* Marginal bone resorption is caused by a smooth
neck system due to its lack of exertion of the mechanical
stress into the marginal bone. Therefore, Hansson intro-
duced microthreads as the retentive elements at the neck
portion to prevent the bone loss (Fig, 1).%

Studies reporting association between microthreads and
matginal bone loss ate listed in Table 4. Chowdhaty e/ a/*
conducted an FEA and /# vivo study to analyze the influence
of microthreads on osseointegration and primary stability
of implants. They placed oxidized implants with and with-
out microthreads in the femur and tibia of rabbits. The
results showed that the test group had more favorable
stress concentration, bone volume and BIC than the con-
trol group. A recent animal study also compared polished
and microthreaded collars and the microthreaded group
exhibited less crestal bone resorption.*

In addition to the aforementioned animal study, previ-
ous clinical studies have already demonstrated reduced mar-
ginal bone loss for the microthreaded implants under con-

The Journal of Advanced Prosthodontics 551



J Adv Prosthodont 2014;6:547-54

Table 4. Studies evaluating the effect of crestal module on marginal bone resorption

Study Method Crestal module Load Results
Chowdhary et al. FEA Oxidized titanium implants with 4 weeks of loading e Microthreads promote bone formation and
(2013)*8 Rabbit tibia  and without microthread contribute to the effective stress distribution
and femur in the cancellous bone.
Negri et al. Beagle dogs 1.5 mm polished collar (control) 1, 2, 3 months of e Test group showed less crestal bone
(2014)* vs. 0.7 mm polished and 2.5 immediate loading resorption.
mm microthreaded collar (test)
Calvo-Guirado etal.  Human, 53  Microthreads up to the Immediate loading, e The implant system used in this study had
(2014 patients prosthetic platform (MIS- 3-year follow-up 100% survival rate and minimal marginal
Implants Inc) bone loss.
e The locations of microthreads played an
important role in the stabilization process.
Amid et al. FEA Implants with and without 100 N vertical load e Addition of microthread design at the implant
(2013)* microthreads neck decreased stresses in the surrounding
bone.
Schrotenboer et al. FEA Implants with microthread or 100 N vertical load and e Microthreaded implants increased maximum

(2008)*° smooth neck

15° oblique load stress value at the crestal bone.

FEA = Finite element analysis.

ventional loading.®*” Although few clinical data are avail-
able on the immediate loading in the microthreaded
implants, Calvo-Guirado ez a/* recently petformed a pro-
spective study for 3 years after the implant placement under
immediate loading, The implant system used in this study
had microthreads up to the prosthetic platform at the neck
region. The results showed 100% survival rate and minimal
marginal bone loss.

Several FEA models were designed to evaluate the
effect of microthread design on load transfer in the sur-
rounding bone. The results of the two independent analy-
ses by Amid ¢ /¥ and Schrotenboer e a/> indicated that
addition of a microthread design increased maximum stress
value at the crestal bone. This supports Wolff’s law as a
possible theoretical foundation for the crestal bone mainte-
nance but still remains open to debate.

All of the studies reviewed indicate that microthreads
promote bone formation and contribute to the effective
stress distribution and less crestal bone resorption. Like
thread pitch, microthreads plays a more critical role in pre-
venting marginal bone loss in the cancellous bone than in
the cortical bone. Therefore, the implant crestal module is
an important macrodesign parameter that should be consid-
ered especially when dealing with low-density bone.

CONCLUSION

In conclusion, the biomechanical behavior of implant mac-
rodesign factors significantly influences stress distribution
at the cervical crestal bone region and ultimately primary
stability under immediate loading in cancellous bone. Based
on the results presented in this literature review, it was pos-
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sible to draw several useful clinical conclusions about vari-
ous implant macrodesign features. First, for thread shape,
the square thread profile may provide the best primary sta-
bility in an immediate loading situation. When primary sta-
bility is a concern, implants with smaller pitch are beneficial
by increasing BIC. Studies have shown that thread depth is
morte critical for dissipating peak stresses within the bone
than thread width and the optimal values of thread depth
and width may vary depending on thread shape and other
geometric factors. Lastly, the microthread configuration at
the implant neck may improve bone formation and stress
distribution for the implants inserted in the cancellous bone
under immediate loading,

However, information about the effect of different
macrodesign characteristics should be carefully interpreted.
Optimal primary stability and stress concentration are the
combined results of various mechanical and biological fac-
tors. For a specific implant, the benefits from a single
design feature could be enhanced or weakened by the other
variables of the implant. Hence, it is important to evaluate
patient’s biological condition and consider various mechani-
cal features as a whole for a particular clinical situation.
Clinicians should understand that a certain design factor
alone will not guarantee implant success and survival.

Few in vivo clinical studies have been conducted to
investigate the influence of implant macrodesign features
on primary stability of immediately loaded implants. The
results of FEA and animal models may not show the same
outcome in a clinical setting because they cannot complete-
ly duplicate the human clinical situation. Each individual
patient has a unique biological condition such as bone qual-
ity, force distribution, masticatory activity, etc. Howevet,
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these studies are relatively a simple, fast, and inexpensive
approach to predict the biomechanical behavior of
implants in an oral cavity compared to human studies, so
they can still be an initial guide for further clinical research.
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