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Abstract: The aim of this study was to investigate the effect of the implant macro- and micro design on the primary stability. 200

dental implant test specimens were inserted into twenty 3D-printed simulation models of lower jaw,as the maximum insertion torque
value, the PTV and the ISQ were measured. Considering the mean values of implants of different diameter, length, design or surface
topography we concluded that the cylindrical implants with deeper thread and conical implants, which are tapered in their coronal
region demonstrate higher primary stability, compared to the other two implant designs included in the study. The insertion of longer
implants with larger diameter and rough surface improved the primary stability in 3D-printed simulation models of lower jaw.
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1. Introduction
The primary stability is essential for the successful osseo
integration process and also is significant in regard to the
immediate loading of the dental implants. The aim of this
study was to investigate the effect of some factors of the
implant macro- and micro design on the primary stability, in
order to find out how to improve it under same conditions.

2. Literature Survey
It is believed that factors, which can increase the bone-toimplant contact area as the implant shape, length and
diameter may increase also the primary stability, considering
that the characteristics of the implant bed also play a key
role in shaping the contact between the bone and the implant
[1], [2].
Many authors commented the effect of the implant diameter
on the primary stability, as the majority considered that the
larger diameter leads to higher implant stability [1], [3], [4],
[5]. Tsolaki et al. [6] observed better primary stability of the
longer implants, but Ostmann et al. [7] reported lower ISQ
of them. The most authors found the implant diameter more
significant for the implant stability, than the implant length
[8], [5], [9]. In regard to the implant design most of the
conclusions are similar – tapered implants demonstrate
higher primary stability compared to the cylindrical ones
[10], [11], [12].

3. Material
200 test specimens of implants were placed into twenty 3Dprinted simulation models of lower jaw. This study included
four implant designs: cylindrical implants with 0.8 thread
pitch (C) implants, cylindrical implants with 1.2 thread pitch
and higher thread profile - (CD) implants, implants with
tapered shape in their apical region – (TA) implants and
implants which are tapered in their coronal region and
cylindrical in their apical region – (TC) implants; three
diameters 3.3 mm, 4.1 mm, 4.8 mm; three implant lengths –

8mm, 10mm, 12mm and two surface modifications. The
implants were distributed as follows: 20 C implants with
dimension 3.3 mm/10mm (3.3/10), 20 CD 3.3/10 implants,
20 TA 3.3/10 implants, 20 C implants with dimensions 4.1
mm/10mm (4.1/10), 20 CD 4.1/10 implants, 20 TA 4.1/10
implants, 20 TC 4.1/10 implants, 20 C implants with
dimensions 4.1 mm/12 mm (C 4.1/12), 20 TC implants with
dimension 4.8 mm/ 10 mm (4.8/10) and 20 CD implants
with dimension 4.8 mm/8 mm (4.8/8).
In each group 10 of 20 implants were with smooth surface,
colored by anodization and the other 10 are with rough
surface, modified by sandblasting with large grit Al2O3
followed by acid-etching. So finally the implants were
distributed in 20 groups.
During the insertion of the implants in the 3D simulation
models were measured: the maximum insertion torque
(MIT) using iChiropro (Bien Air Dental SA, Bienne,
Switzerland), the damping capacity using Periotest Classic (
Medizintechnik Gulden, Germany). The resonancefrequency analysis was performed using Osstell Mentor
(Göteborg, Sweden).
In order to print 3D simulation models of lower jaw first we
used a conical beam computed tomography of lower jaw to
obtain 3D image of it using Planmeca Romexis 3.6.0.R
software, whereafter STL files were generated. The file
displayed using Autodesk Meshmixer software. Then the
software Repetier-Host V 1.0.6 (3Dfactories) prepares the
file for printing. We used Visions3DPrinter ( 3Dfactories).
The 3D printer works on a fused deposition modeling
principle by laying down molten material in layers, as it
hardens immediately after its extrusion from the printers
nozzle. The material that we used was PLA PrintPlus 1.75
mm. The Polylactic acid (PLA) is a biodegradable
thermoplastic material, which is also classified as a
polyester. PLA Print Plus is a PLA filament with diameter of
1.75 mm rolled on a spool. The cross-section of one of the
3D simulation models is shown on fig. 1. It is visible how
the bone structure is recreated.
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Resonance-frequency analysis (RFA) was performed using
Osstell Mentor. First on the implant platform we installed
the Smartpeg element, as for the purpose of our study we
used different types of Smartpeg, according to the different
implant platforms .The probe of the Osstell Mentor device
was held perpendicular to the axis of the Smartpeg at the
level of its magnet. Two measurement in two perpendicular
directions were done for each implant and as final value we
considered the mean value of the both measurements.
The analysis of all results were done using IBM SPSS
Statistics 19 software.

4. Results

Figure 1: Transversal cross-section of 3D-printed
simulation model imitating the typical corticocancellous
bone structure.
In each jaw were inserted 10 implants from group, so in 20
jaws were placed 20 different implant groups. In each
simulation model the implants were inserted at same
positions using individual drill template. Before the
osteotomy was done, the 3D printed simulation models were
stable fixed using vise. The site preparation protocol was
the following:
1) The individual drill template was positioned on the 3D
simulation model
2) Pilot osteotomy was performed using 2.2 mm pilot drill
to the appropriate depth at a maximum speed of 800 rpm.
3) After the pilot osteotomy was done, the template was
removed
4) The osteotomy was enlarged consequently to the desired
diameter with a 2.8 mm drill, then with a 3.5 mm drill
and with 4.2 mm drill, as for the 3.3 diameter implants
site preparation the final drill used was the 2.8 mm drill,
for the 4.1 diameter implants – 4.2 mm drill and the last
drill used for the site preparation of the 4.8 diameter
implants was the 4.2 mm drill.
5) The orifice of the osteotomy was enlarged with a profile
drill with a corresponding diameter

On a fig. 2, fig. 3 and fig. 4 are shown the mean MIT values,
mean PTV and mean ISQ values distributed by the
type/dimensions of the implants included in the study.

Figure 2: Mean MIT values, distributed by implants

The implant site preparation was performed with continuous
cooling with sterile saline solution.
The implants were placed using contra angle handpiece CA
20:1 L Micro-series (Bien Air). We controlled and measured
the insertion torque during the implant placement using the
torque function of the implant unit iChiropro (Bien Air
Dental SA, Bienne, Switzerland). Implants were inserted
into the osteotomy with speed of 15 rpm. At the end of the
insertion the software calculated the maximum insertion
torque.

Figure 3: Mean ISQ distributed by implants

We assessed the damping capacity using Periotest Classic.
We used the transfer part of the implants as a suprastucture.
We did the measurements, as the handpiece of the device
was held perpendicular to the transfer’s axis, 0.2-0.7 mm
away from its surface and 4mm above the marginal bone
area.
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5. Discussion
It seems that some mechanical properties of the-3D printed
PLA material are comparable to those of the jaw bone
considering the similar MIT, PTV and ISQ.
The probable reason for the better primary stability of the
1.2 thread pitch cylindrical implants is the higher thread
profile. Other authors also reported higher stability of an
implants with deeper thread [13]. We think that the primary
stability of the implants, which are conical in their upper
third is due to the coronal tapered shape which increases the
implant diameter in its marginal region.

Figure 4: Mean PTV distributed by implants
To find out how does the implant diameter influence the
primary stability we compared the mean MIT values, mean
PTV and mean ISQ of implants with different diameters,
same length, same design and same surface topography.
When we compared the mean values of 3.3 mm/10 mm and
of 4.1 mm/10 mm cylindrical implants of both designs we
established the following relation: the insertion of larger
diameter implants leads to higher primary stability,
according to the results of the damping capacity
measurements, MIT and resonance-frequency analysis. This
also applies to the both types tapered implants. According to
the marginal tapered implants we compared implants of 4.1
mm and 4.8 mm diameter.
The influence of the implant length on the primary stability
was observed by comparing mean values (MIT, PTV, ISQ)
of implants with different length (10mm and 12 mm) and
same diameter (4.1 mm), design and surface topography. We
found out that the cylindrical implants with length of 12 mm
are more stable than the 10 mm implants, according to the
mean MIT values and mean PTV, but not according to the
mean ISQ, which was higher for the shorter implants.
The effect of the implant design was analyzed by comparing
the mean values from all measurements of implants with
different design and same other parameters (diameter – 4.1
mm and length – 10mm). The cylindrical implants with
higher thread profile and the coronally conical implants
demonstrated highest primary stability, followed by apically
tapered implants and the other type cylindrical implants. We
observed small difference between the mean values of CD
and TC implants, and also between TA and C implants.
When we compared the results of 3.3 mm/10 mm C, CD and
TA implants we observed similar relation.
To investigate the impact of the surface topography on the
primary stability we analyzed the mean values of on
implants with same design and same other parameters, but
with different surface modification and we established that
the surface roughness leads to better primary stability,
according to the MIT, PTV and ISQ, although the difference
is not very demonstrative in all of the cases.

Our results about the impact of the implant diameter match
those, reported by the majority [1], [3], [4], [5]. Other
authors didn’t observe any relation between the implant
diameter and the implant stability [14]. We observed lower
ISQ of longer implants, which is similar to the results of
Ostmann [7] . After all, considering the mean PTV and MIT
we established that the insertion of implants with longer
length could lead to a better primary stability, Tsolaki et al.
[6] reported similar conclusion. Most of the authors reported
better primary stability of the tapered implants compared to
the cylindrical implants [10], [11], [12]. That doesn’t match
our observation in cases, where we used cylindrical implants
with higher thread profile, in all other cases our results are
similar to those of other investigators. According to our and
other studies the implant diameter affects the primary
stability more than the implants length [8], [5], [9]. Mazzo et
al. [15] concluded that the acid-etched implants demonstrate
better stability. We also established that the rougher surface
could lead to a higher primary stability.

6. Conclusion
The primary stability of cylindrical implants inserted in 3Dprinted simulation models of lower jaw could be improved
by choosing implants with higher thread profile. Implants,
which are tapered in their coronal area, demonstrate higher
primary stability compared to implants, which are conical in
their apical region. Larger diameter, longer length and rough
surface are factors, which influence positively implant
primary stability in 3D-printed simulation models.
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