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IMPLANT SATBILITY AND PERI-IMPLANT MARGINAL BONE LOSS
AROUND TWO DIFFERENT THREADS DESIGN IMPLANTS
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ABSTRACT

The aim of this study was to evaluate implant stability and the peri-implant marginal bone
loss around two different threads design implants; conventional macro-threads design implants and

crestal micro-threads design implants.

Materials and methods: A total of 14 implants of 3.5 mm diameter x 11.5 mm length
having two different threads designs were divided into two groups, (n = 7): group A; implants
with conventional macro-threads design and group B; implants with crestal micro-threads design
were placed in maxillary permolar area in partially edentulous patients. Stability was evaluated
by insertion torque and resonance frequency using an Osstell device at baseline (time of implant
insertion), 15, 30, 45 and 60 days follow up periods, while peri-imlant marginal bone loss was
measured by CBCT taken at baseline (time of implant insertion) 3, 6,12 and 18 months (one year
after loading) follow up periods.

Results: At the end of follow up period, group B (Implants with crestal micro-thread design)
showed statistically significant higher mean values regarding primary and secondery implant
satbility inaddition to statistically significant lower mean values regarding peri-implant marginal

bone loss when compard to group A ( implants with conventional macro-threads design).

Conclusion: Implants with crestal micro-thread design showed better stability and less peri-

implant marginal bone loss than the conventional macro-threads design implants.

KEYWORDS: Marginal bone loss, implant design, implant stability, micro-thread Implant.

INTRODUCTION Studies were conducted on the design and surface

. treatment of implants with a lot of chemical
A lot of efforts were done to improve the . . .
and mechanical surface modifications to ensure

relationship between bone and implant to ensure osseointegration quality improvement with less
the long term successs of osseointegration of dental  postsurgeical complicatioans and shortened healing

implants and to enhance clinical performances'. period.'?,

* Lecturer of Removable Prosthodontics Department, Faculty of Dentistry, British University in Egypt (BUE).
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A successful implant treatment depends
significantly on the implant primary stability which
considered as a powerful factor with huge influence
on implant secondery stability and subsequently on
osseointegration.*® therefore, the macro geometry
modifications of the implant fixtures promoted
greater surface area and contact between bone
and implant, with increased primary stability and

reduction of bone anchor related failures.”®

There are two main implant designs, the
macrodesign which is related to implant thread
geometry and fixture shape, while the microdesign
which refered to implant material and surface
treatment. °

Implant body surface can be classified into
threaded and non-threaded surfaces. It is believed
that threads have a mandatory effect on stability
and long-term performance of dental implants as it
maximize primary implant/bone contact, increase
implant surface area, help stress distribution over
the bone and enhance primary stability.?

Moreover, the concept of double threaded or
triplethreaded implants has been recently introduced

and is believed to provide faster thread
penetration into the bone, generate less heat upon
placement and improve primary stability. These
implants require more torque for placement thus
have tighter contact with bone, which could be

indicated for type IV (cancellous) bone."”

Studies showed that the mechanical simulation
provided by threads on the implant neck area is
required to preserve the marginal bone level with
confirmation of the advantages of microthread on
the coronal portion of implant fixture compared
with a smooth neck fixture regarding the established
bone-to-implant contact and marginal bone level

maintenance''-'2.

In contrast, few clinical studies have mentioned
the role of thread size, or thread pitch distance, on
the maintenance of the peri-implant marginal bone
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level, when the threads were positioned to the fixtures
neck. Thus, the aim of this clinical investigation was
to evaluate and to compare the influence of crestal
thread design having two different sizes (macro and
micro) on implant stability (primary and secondery),
and on the periimplant marginal bone loss around
implant fixtures.

MATERIALS AND METHODS

Patients who required implant therapy were
selected from the removable prosthodontic clinic,
faculty of dentistry, British University of Egypt
(BUE). All patients were medically free and in
good general health, with age range: 37 to 50
years, with the following inclusion criteria; (1)
presence upper partially edentulous arch with
missing one or more of premolar teeth opposed by
fully dentated mandibular arch. (2) minimum bone
height 14mm and minimum bone width 6mm to
ensure implant placement without any sinus lifting
or ridge augmentation. (3) healed bone sites with at
least 6 months having elapsed from the last tooth
extraction. However, patients with systemic and /
or bone diseases such as osteoporosis, uncontrolled
diabetes mellitus and hypertension were excluded
from the study. Patients were also excluded if the
insertion torque of the placed implants (IT) < 35
Ncm, or if the treatment would cause a risk to the
patient’s health, or if patient’s cooperation appeared
questionable, and/or the patient did not consent to
participate.

Prior to entry into the study, each patient provided
informed consent to participate.

Treatment procedures:

Sample allocation: Patients were randomly

assigned into two identical groups by using
special website concerned with randomization
process called research randomizer (https://www.
randomizer.org/). All surgeries were performed
using a two-stage method. Implants from each group
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were placed in maillary premolar area in partially
0.5 edentulous patients. The implants were placed
mm subcrestally per the manufacturer’s guidelines,
and special attention was paid to ensure that there
Imm or more of bone remaining both buccally was
and lingually. The second surgery was performed
3 months later and the prostheses were delivered 6
weeks after the second surgey in the form of fixed
.crowns

A total of 14 SIC dental implants ( Schilli
Implantology Circle, Germany) of 3.5 mm diameter
x 11.5 mm length) divided according to the implant
design into two groups (n="7); Group A: SIC ace with
conventional threads design with uniform thread
pitch from the apex to the neck area. and Group
B: SIC max with crestal microthreads design with
smaller thread pitch in the neck area were placed in
maxillary permolar area. Both implant groups had
the same implant abutment connection (Integrated
“platform switching” with inner precision hex
having long guide surfaces for maximum stability
of the implant-abutment interface and a screw

Fig. (1): SIC ace (conventional design)
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connection protected against continuous loading),
with similar self-tapping screw design and surface
treatment (Blasting Procedure with round zirconia
particles followed by acid cleaning) which called
surface conditioning with a moderate roughness.
Fig. 1,2

The preoperative examinations included medical
history, dental history, clinical examination, and fi-
nally radiographic examination via cone beam com-
puted tomography (CBCT) (scaora 3D X. Filand)
was taken to evaluate and measure the available
bone width and height at the maxillary premolar
area, to virtually plan the implant position in rela-
tion to the surrounding structures and to construct
the surgical guide Fig. 3.4. Drilling sequence pro-
tocol was performed following the manufacturer’s
recommendation, Fig 5. After osteotomy prepara-
tions has been completed, implants were placed
0.5mm below the crestal bone, insertion torque val-
ues were determined as the maximum torque value
(N/cm) reached at the end of the insertion of the im-
plant in the recipient site.

Fig. (2): SIC max (micro-threads design)
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Fig. (3): Preoperative CBCT
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Implant Diameter: 3.5 mm '
Implant Length: 11.5 mm v

Drill Size: 25 mm

Fig. (4): Virtual planning of implant position.
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Fig. (5): Drilling through the surgical guide

Primary stability

Was evaluated firstly by insertion torque of the
placed implants (IT) < 35 Ncm during implant
placement, moreover, resonance frequency analysis
(RFA) was recorded using an Osstell Mentor device
(Ostell/Integration Diagnostics, Goteborg, Sweden).
The frequency transducer (SmartPeg) was connected
to the implants in a uniform manner perpendicular
to the alveolar crest. Implant stability quotient
(ISQ) was measured four times for each inserted
screw (buccal, lingual, mesial, and distal) oriented
perpendicular to the transducer as recommended
by the manufacturer. Fig 6. The clinical range of
ISQ has been found to be normally at 50 to 80 for
implant stability. The secondary stability (SS) was
recorded postoperatively at 15,30,45 and 60 days.
These intervals were chosen in order to investigate
the progression of ISQ during healing time, until
complete bone healing."

A second surgery was performed 6 months later.
The prostheses were delivered 3 weeks after the
second surgery. Oral hyeigin measures and peroidic
plaque control together with recording any clinical
variables such as such as pain from implant regions,
implant stability, gingival inflammation or/ and
suprastructure complications were recorded from
the day of implant insertion and during the follow-
up periods. '
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Fig. (6): implant stability quotient ISQ measurements.

Radiographic evaluation:

CBCT image was taken at the day of implant
insertion (baseline). For standardization: volume
reorientation was done by making the long axis of
the implant perpendicular on the axial reference
line, while coronal plan standardization was
assured by adjusting the coronal cut at the middle
of the implant followed by drawing a line tangent
to implant apex, bone length buccal and lingual to
the implants was measured from the tangent line to
the most crestal level of the bone in contact with the
implant surfaces, finally sagittal plan standardization
was done by adjusting the sagittal cut at the middle
of the implant followed by drawing a line tangent
to implant apex, Bone length mesial and distal to
the implants was measured from the tangent line to
the most crestal level of the bone in contact with
the implant surfaces Fig 7. Another CBCT images
were performed at 6,12 and 18 months using the
same parameters and the same machine, peri-
implant marginal bone loss around implant surfaces
throughout the follow up periods was calculated,
tabulated and statistically analyzed.

Statistical analysis:

Statistical analysis was performed using IBM
SPSS Statistics Version 2.0 for Windows. Data was
presented as mean and standard deviation (SD). The
significance level was set at P < 0.05. Kolmogorov-
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Fig. (7): CBCT after implant insertion with mesial and distal bone height measurements.

Smirnov and Shapiro-Wilk tests were used to assess
data normality. One-way ANOVA followed by
Tukey’s post-hoc test were used to compare implant
stability quotient (ISQ) and crestal bone height at
different follow-up periods within each implant
thread design group. Independent Student-t test was
performed to compare implant stability quotient
(ISQ) and peri-implant marginal bone loss between
both implant thread design groups at each follow-up
period.

RESULTS:

Regarding implant stability between both
groups, Independent Student test (table 1 and figure
8) showed that group B (crestal micro-thread design
implants) displayed significantly highest ISQ mean
values compared to group A (conventional macro-
thread design implants) at all follow-up periods
except at 45 days where there was insignificant

difference in ISQ mean values.

Regarding implant stability within each group,
One-Way ANOVA and Tukey’s test displayed that
there was a statistically significant difference in ISQ
mean values between different follow-up periods
within each thread design group. Within group A
(conventional macro-thread design implants) ISQ
mean values were significantly lowest at 15 days
follow up periods, while the 60-days follow-up
period represented the significantly highest 1SQ
which did not differ significantly from that of 45
days. Moreover, there was no significant difference
between ISQ values of 30 and 45 days; baseline
and 30 days; baseline and 15 days. Within group
B (crestal micro-thread design implants) ISQ
mean values were significantly highest at 60 days,
followed by 45 days, then 30 days which did not
differ significantly from baseline. 15-day follow-up
showed significantly lowest ISQ values.

Regarding peri-implant crestal bone height
changes, Independent t-test (table 2 and figure 9)
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showed that there was no statistically significant
difference in bone height mean values between
both groups at delivery, 6 months and 12 months.
While at 18 months, group B (crestal micro-thread
design) yielded significantly higher crestal bone
height than group A (convention macro-thread
design) (P=0.023). One-Way ANOVA and Tukey’s

TABLE (1): Mean+SD and P-value for the
comparison of implant stability quotient
values (ISQ) between both groups at each
follow-up period.

Group A Group B
(Conventional (Crestal
. P-value
macro-thread micro-thread
design) design)

Baseline 64.75 + 1.59« 6787 x1.16° | 0.022%*
15 days 61.62 +1.264 64.12+1.53¢ | 0.047*
30 days 65.43 £ 1.79> 68.06x0.51° | 0.031*
45 days 68.53 £ 1.96% 70.50 £0.61° | 0.137NS
60 days 71.00 £ 1.442 7343 £1.34* | 0.049*
P-value <0.001* <0.001*

*: significant at P< 0.05; NS: non-significant at P>0.05

Means with different superscript letters within each
column are statistically significantly different at P< 0.05
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test revealed that there was a statistically significant
difference in bone height mean values between
different follow-up periods within each thread design
group (P<0.001 and P<0.001, respectively). Within
both groups, the mean bone height was significantly
the highest at baseline, followed in significantly
descending order by 6, 12 and 18 months.

TABLE (2): Mean+SD and P-value for comparison
of crestal bone height (mm) between both
groups at each follow-up period.

Group A
Group B
(Conventional
(Crestal micro- | P-value
macro-thread .
thread design)
design)
Baseline 12.10 £ 0.08* 12.12+0.08* | 0.693NS
6 months 11.60 +0.11° 11.66 +0.07° | 0.34INS
12 months 11.17 £0.07° 1126 £0.10¢ | 0.215NS
18 months | 10.80 + 0.08¢ 10.97 £0.07¢ 0.023*
P-value <0.001* <0.001*

*#: significant at P=< 0.05; NS: non-significant at P>0.05

Means with different superscript letters within each
column are statistically significantly different at P< 0.05

( Implant stability (1SQ) ) f Crestal bone height h
76 124
74 12
7 116
70 1.2
68 108
g 66 E 104
64 10
62 96 —
60 9.2
58 8.3
56 84
54 8
Baseline 15 days 30days 45 days 60 days Baseline 6 months 12 months 18 months
M Conventional macro-thread design M Crestal micro-thread design m Conventional macro-thread design M Crestal micro-thread design
. J . J

Fig. (8): Column chart showing the ISQ mean values of both
groups at different follow-up periods.

Fig. (9): Column chart showing the bone height (mm) mean
values of both groups at different follow-up periods.
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DISCUSSION:

Threads design greatly increase implant surface
area, optimize stress distribution and enhance
implant primary stability. In addition to threads
shape;
factor that influences bone-to-implant contact and

pitch is another important geometric
biomechanical load distribution."” Thread pitch is
defined as the distance between two neighboring
threads (distance from the center of the thread
to the center of the next thread), measured on the
same side of the axis. It also refers to the number of
threads per unit length. Therefore, when implants
have similar length, smaller pitch indicates greater
threads number and consequently greater surface

area.'®

Primary stability of the implants mainly depends
on the contact between bone and implant, press-
fit of the implant into the osteotomy, mechanical
engagement with cortical bone and affected by
three major factors: bone quantity and quality, the
mechanical shape of the fixture and the surgical
procedure. Secondary stability involves initial
healing process around the implant fixture, and
it is influenced by primary stability process of
osseointegration resulting from regeneration and
remodeling of the bone and tissue around the

inserted implants.'”""°

Another way to quantitatively evaluate the
primary stability, in addition to insertion torque, is
resonance frequency. A way to measure resonance
frequency is through the Osstell device with values
calculated in ISQ and set on a scale ranging from
1 to 100. According to previous studies, a stable
implant usually has a (ISQ) resonance frequency
value of more than 65 and an ISQ < 50 could
indicate a potential risk of failure.?->

In this study, the crestal micro-threads design
implants had an ISQ of 67.87 = 1.16, 64.12 +
1.53,68.06 £ 0.51, 70.50 + 0.61 and 73.43 + 1.34
throughout the follow up period which is indicative
of good primary stability. ISQ mean values were
statistically higher than the conventional macro-
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threads design implants model which recorded an
ISQ of 64.75 + 1.59, 61.62 + 1.26, 6543 + 1.79,
68.53 £1.96 and 71.00 + 1.44 and higher than 65, in
other words, stable implant.

However, it must be pointed out that the mean
values of primary stability obtained in this type of
bone (maxillary premolar area) were quite high.
This result was certainly determined by the careful
insertion protocol followed, with under-preparation
of surgical sites, but it was also determined by
the macro-topographical characteristics of the
implants used. In fact, in the present work, tapered
implants have been used with self-tapping screw
design. This shape may provide a better anchorage
to bone, greater degree of bone compaction and a
more uniform distribution of forces, thus better
primary stabilization. Previous studies have already
demonstrated that tapered implants tend to have
higher ISQ values than cylindrical ones, the presence
of a crestal micro-threads design could be a further
positive element, to facilitate the stabilization
of fixture in difficult situations.”?* and this may
explain the higher mean values of implant stability
of group B compared to group A. Another study
claimed that penetrating implants (self-drilling),
usually designed with vertical cutting blades in the
apical third of the implant and which can increase
the primary stability.

The higher implant primary stability mean values
obtained in this study from crestal micro-threads
design implant may be due to the mechanical
engagement of implant fixture to the surrounding
bone. It is affected not only by the quantity and
quality of the available bone, but also by the implant
dimensions, shape and design. Secondary stability
comes from regeneration and remodeling of the bone
and tissue around the implant after insertion, and it
mainly depends on the micro/nano-topographical
features of the implant; however, it seems to be
highly dependent on the primary stability."

Moreover, another very important observation
was obtained from this study is that, in both groups
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of patients, there was no decrease or sudden drop in
the stability values (ISQ) was found during healing
period. This finding goes with what is reported in
the literature.”* Other studies, in fact, reported a
drop in the ISQ values in the healing phase (after 2
to 6 weeks of implant insertion) 2. In our present
study, the ISQ values drop was not observed and
stayed very stable in the first two months of the
healing time (the most critical phase for implant
stabilization).

On the other hand, a study of 24 miniature pigs
showed that no significant difference in removal
torque value or bone to implant contact was found
between implants with and without micro-threads,
and the existence of micro-threads has no effect on
mechanical and histological implant stability. %

In this study decreasing number of drillings
through osteotomy preparation results in greater
bone compression around implant body in addition
to greater implant/bone contact surface; may justify
the high insertion torque and suggesting greater
primary stability. These results are contrary to
those commonly recorded in many other studies
conducted in self tapping implants, which have
reported that the presence of cutting regions reduces

friction and minimizes insertion torque.®*

Lan et al.*! carried out a biomechanical analysis
of alveolar bone stress around implants with
different thread designs. Their results suggested that
a thread pitch exceeding 0.8 mm is appropriate for a
screwed implant and that for clinical cases requiring
greater bone-implant interface trapezoid threaded
implants with a thread pitch of 1.6 mm were more
stable and generated less stress than other thread
designs.

Depending on the dimension of different surface

characteristics, implant surface roughness is
divided into macro, micro and nano roughness. An
appropriate macro roughness can directly improve
the initial implant stability and long-term fixation
by mechanical interlocking of the rough surface

irregularities and the bone.*? This study was done to
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investigate whether the micro-thread at the implant
neck affected the peri-implant marginal bone level.
CBCT computer software was used to accurately
and reliably measure bone height around the
implants immediately after surgery, after prosthesis
delivery and 1 year after functional loading to
study the influence of micro-threads on changes in
marginal bone under load. At the end of follow up
period, less bone loss was observed in group B than
in group A 10.80 (SD+ 0.08) mm versus, 10.97(SD
+0.07) mm, with significant differences were found
between the two groups. However, bone loss at both
groups’ peri-implant sites was within the success
criteria established by Albrektsson et al.*

The present study was aimed to investigate
the effect of thread size on the marginal bone loss
around implants. In particular the effect of macro-
and micro-threads in the implant neck area. To
minimize the influence of the peri-implant mucosa
and plaque accumulation on bone loss, oral hygiene
instructions were provided to the patients and
periodic clinical examinations of the peri-implant
mucosa and professional plaque control were
performed. The average bone losses in Groups A
and B were 1.3 and 1.15 mm, respectively, after 1
year of functional loading (P > 0.05) with statistical
significant higher bone loss in group A, bone loss
was less than 2mm at both groups which indicated
that macro-threads that begin at the top of the
implant neck can be assumed to distribute stress
under load and to maintain the marginal bone as
much as micro-threads.

Peri-implantmarginal boneloss of group B (crestal
micro-threads design implants) was significantly
lower than of group A (conventional macro-threads
design implants). Considering the smaller marginal
bone changes, it could have contributed to the
effect of the micro-threads in maintaining the bone
level. Studies have showed the influence of surface
structure on bone-to-implant interface against
the marginal bone loss. Studies have verified the
advantages of micro-thread on the coronal portion
of fixture over the smooth neck fixture, in terms of
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bone-to-implant contact maintenance and marginal
bone level preservation.''?

In a 3-year prospective study performed on
implants with different neck designs done by Lee et
al. 2007 *, it was reported that use of micro-threads
in the implant neck area can reduce peri implant
marginal bone loss.

Another study found that implants with threads
that began at the top showed less bone loss than
otherwise-identical implants where the threads
began 0.5-mm from the top (Song et al. 2009)'.
These results indicate that the presence or absence
of threads and the thread location can affect the
marginal bone preservation.

Retentive elements such as micro-threads at the
implant neck are necessary to preserve and maintain
the peri-implant marginal bone. Micro-threads lo-
cated at the implant neck greatly increases the abil-
ity of an implant to resist axial loads, moreover, the
mechanical stimulus provided by the micro-threads
helps to preserve peri-implant marginal bone 3¢

Studies with finite element analysis (FEA)
indicate that the micro-threaded implant model
has higher compression and less shear stress at the
crestal cortical bone adjacent to the implant and so

can reduce marginal bone resorption.?”*

However, on the other hand, a finite element
study compared the effect of thread depth on mar-
ginal bone found no significant difference in the
stress distribution when a thread depth of 0.1 or 0.4
mm was used, so long as the thread profile was fa-
vorable (Hansson & Werke 2003).*° The results of
studies for thread pitch are controversial, another
finite element study showed that, implants with a
0.5-mm pitch had a more favorable stress distribu-
tion than those with a pitch of 1.0 or 1.5, and the
maximum effective stress gradually decreased with
decreasing thread pitch (Motoyoshi et al. 2005). #
Moreover, another study also using finite element
study revealed that thread pitch of 0.18— 0.30 mm
was considered as optimal from a biomechanical
point of view (Kong et al. 2008). **
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Multiple studies demonstrated that implants with
smaller pitch showed the greater surface area and
better stress distribution particularly in low-density
bone. Orsini et al.’” 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 suggested that the greater bone-implant
contact 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.*!-#444°

It was proved in the literature reviews that the
first thread located on the implant fixture has the
ability to convert the shear force into a compressive
force.

The reported marginal bone loss around micro-
threaded implants after 1 year of functional loading
are varied and range from 0.05 to 1.6 mm."**’ which
was similar to the findings of this results

It was reported that, after three years of functional
loading of implants with micro-thread design, the
marginal bone loss was lower than those with rough
and machined surfaces. Accordingly, retention
elements were said to inhibit marginal bone loss.
It was observed that the differences in the design
and surface configurations of the implant collar in
the different implant systems could influence the
amount of marginal bone loss. 43

Another study revealed that the micro-thread
profile seemed to be more important than the micro-
thread length along the neck of implant fixture in
reducing loading stresses exerted on the surrounding
bone. Fine micro-threads on a 3 mm implant neck
showed consistently higher cortical bone stress than
other implant fixtures with 1mm and 2mm micro-
threads neck. #
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The combination of more than one retentive
element such as micro-threads with rough-surface
implants could achieve a lot of advantages such as
increased implant-to-bone contact and improved
stress distribution. However, the exposure of
rough-surface implants to the oral environment
can accelerate biofilm formation and facilitate
plaque retention, increasing the risk of peri-
implant mucositis and peri-implantitis. Therefore,
such potential biologic complications related to
micro-threads should be taken into account when
formulating a treatment plan for patients with a high
susceptibility to peri-implantitis.”*!

On the other hand, a study was done to compare
the effect of thread size on the implant neck area
for 1 year of function revealed that there was no
significant difference between implant with macro-
and micro-neck thread in terms of marginal bone
loss after 1 year of loading.>?

Finally, surface roughness or the retentive
elements like the micro-thread could increase the
resistance of marginal bone against the bone loss by
the interlocking force between the implant surface
and the crestal bone.® The amount of bone loss
was minor, likely because both groups of implants
had internal conical seal type fixture—abutment
connections, which are advantageous in marginal
bone preservation. '*3*55 It is possible that the
beneficial effects of the rough surface and conical
fixture—abutment interface on the marginal bone-
level maintenance overwhelmed the additional
effects of the micro-thread.* Alternatively, macro-
threads that begin at the top of the implant neck
can be assumed to distribute stress under load and
to maintain the marginal bone as much as micro-
threads.

CONCLUSIONS

Within the limitations of the study, it may be
concluded that; Less peri-implant marginal bone
loss was observed around implants with crestal
micro-threads design implants compared to those
with conventional threads design implants in
conjunction with higher implant stability values.
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