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ABSTRACT

INTRODUCTION: The primary stability is a factor for successful osseointegration of dental implants. It is 
believed that factors that can increase the contact area between the implant and the bone, such as the im-
plant shape, length, and diameter, can also increase the primary stability.

AIM: The aim of this study was to determine whether the increase of implant length or the increase of im-
plant diameter would contribute more to the enhancement of primary stability.

MATERIALS AND METHODS: The implant primary stability of 60 implants distributed in 6 groups, ac-
cording their diameter, length and surface topography was evaluated using three methods: assessment of 
mean insertion torque, periotest values, and resonance frequency analysis.

RESULTS AND DISCUSSION: The results demonstrated that the primary stability achieved by increasing 
the diameter of the implants by 0.7 mm was comparable to that obtained by increasing their length by 2 
mm at a smaller diameter (4.1 mm). When the difference in the diameter increased more (from 0.7 mm to 
1.5 mm, when comparing the 3.3 mm/10 mm and 4.8 mm/8 mm implants), the increase of the length of the 
smaller diameter implants did not result in primary stability values comparable to those obtained during 
the insertion of  wider and shorter implants.

CONCLUSION: Considering our results as well as the literature data, we can conclude that the increase of 
the implant diameter affects more the improving of the primary stability than the increase of the implant 
length. However, it should be taken into account that this refers to a specific diameter change of 1.5 mm and 
length change of 2 mm. More studies, including implants with a greater difference in the length and a dif-
ferent diameter to length ratio, are needed to confirm or reject this relation.
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INTRODUCTION
Implant primary stability is defined as the bio-

metric stability of the implant immediately after its 
insertion into the bone. Primary stability develops 
into secondary stability as healing, integration and 
biological changes in the bone-implant interface 
progress (1). The primary stability is a factor for suc-
cessful osseointegration of dental implants (2,3,4).
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Primary stability is a result of a frictional inter-
action between the implant and the bone. Less influ-
ence has the wedging of elements of the implant de-
sign in the bone as a consequence of elastic deforma-
tion (5, 6). The simplicity that describes this phenom-
enon is: F = k. N, where F is the friction force, k - the 
coefficient of friction (specific for each surface) and 
N is the pressure between two surfaces (7).

One of the main factors with regard to primary 
stability is the bone-to-implant contact (8,9,10).

It is believed that factors that can increase the 
contact area between the implant and the bone, such 
as the implant shape, length, and diameter, can also 
increase the primary stability, as it should be taken 
into account that the characteristics of the implant 
bone bed can also play a key role in the formation of 
the bone-to-implant contact (11,12).

The shape, length and diameter of the implant, 
as well as the geometry of its thread, describe the im-
plant macrodesign (13).

According to Langer et al. (14) the large diam-
eter implants are created to increase the bone-titan 
surface contact. Peev et al. (15) concluded that the 
resonance frequency analysis (RFA) method could 
be useful for prevention of implant failure by trac-
ing the changes in the implant stability. Ostmann 
et al. (16), investigating the implant primary stabil-
ity by resonance frequency analysis, observed high-
er implant stability quotient (ISQ) values in implants 
with a wider platform, whereas according to others 
(17,18,19), the diameter of the implant had no signif-
icant influence on these values, respectively on the 
primary stability. Lachmann et al. (11) examined the 
primary stability of implants using the both param-
eters: periotest values (PTV) and ISQ, and found that 
there was a correlation between the implant diameter 
and the primary stability, adding that with a diam-
eter increase of more than 4 mm, no significant dif-
ferences in the values were observed. Other authors 
(20,21) also support the view that the larger diameter 
corresponds to greater primary stability.

Tsolaki et al. (22) compared the values obtained 
during RFA and insertion torque (IT) measurements 
of 10 mm and 13 mm long implants, as they observed 
significantly higher values using longer implants. 
They concluded that implant length has a positive ef-
fect on the primary stability, as the primary stability 

could be improved by increasing the implant length. 
Other authors also came to similar conclusion (23).

Merheb et al. (17) obtained the following results: 
implant length did not significantly affect the mean 
results of RFA. In a study about the implant stabili-
ty in patients suffering from osteoporosis, the author 
came to the same conclusion: the length of implants 
did not significantly affect their stability according to 
the ISQ values (24).

AIM
The aim of this study was to determine wheth-

er the increase of implant length or the increase of 
implant diameter would contribute more to the en-
hancement of primary stability.

MATERIALS AND METHODS
Sixty Tissue Level implants were placed into 60 

artificial bone blocks with a corticocancellous struc-
ture. Twenty of them were 10 mm long, with a diam-
eter of 3.3 mm and thread pitch of 1.0 mm, 20 im-
plants were with a length of 10 mm, diameter of 4.1 
mm and thread pitch of 1.25 mm, and the last twen-
ty were 8 mm long, with a diameter of 4.8 mm and 
thread pitch of 1.25 mm. The surface of half of the 
implants in each group was smooth and the surface 
of the rest of the implants - rough. The rough sur-
face was achieved by sandblasting with a large grit of 
Al2O3 followed by acid etching.

During the implant placement were assessed 
the maximum insertion torque (MIT) using iCh-
iropro (Bien Air Dental SA, Bienne, Switzerland), 
the damping capacity using Periotest Classic (Med-
izintechnik Gulden, Germany). RFA was done using 
Osstell Mentor device (Göteborg, Sweden). During 
the osteotomy, the implant insertion and the assess-
ments, the artificial bone blocks were kept stable us-
ing vise.

Site preparation was performed. First the po-
sition of the osteotomy was marked with a 1.4 mm 
round bur, whereafter the mark was expanded with a 
2.3 mm round bur. Pilot osteotomy was made using 
2.2 mm pilot drill to 10 mm (for the 3.3 mm and 4.1 
mm diameter implants) and to 8 mm (for the 4.8 mm 
diameter implants) depth. Then the osteotomy was 
enlarged to the desired diameter with a 2.8 mm drill 
for the 3.3 diameter implants, then with a 3.5 mm 
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drill for the implants with a diameter of 4.1 mm, and 
with 4.2 mm drill for the wider (4.8 mm) implants.

The marginal area of the osteotomy was en-
larged with a profile drill with a corresponding diam-
eter. During the implant site preparation continuous 
cooling with sterile saline solution was performed.

The implants were placed using contra-angle 
handpiece CA 20:1 L Micro-series (Bien Air).

The insertion torque was monitored and as-
sessed using the implant unit iChiropro (Bien Air 
Dental SA, Bienne, Switzerland) and its torque func-
tion. The implants were placed into the artificial 
bone blocks with controlled speed of 15 rpm, as the 
insertion finished, the software of the device calcu-
lated the maximum insertion torque (MIT).

The damping capacity was measured using 
Periotest Classic device according to the following 
protocol: the transfer part of the implants was used 
as a suprastucture. The assessments were done, as the 
position of the handpiece of the device was perpen-
dicular to the axis of the transfer, 4 mm above the 
crestal bone. The results were presented as PTV.

The performance of RFA was done using Oss-
tell Mentor device. The corresponding Smartpeg el-

ement was installed on the platform of the implants. 
The position of the probe of the device was perpen-
dicular to the Smartpeg element’s axis, as the probe 
was held at the level of its magnet. The measurements 
were done in two directions, perpendicular to each 
other and the mean value of both measurements was 
registered. The results were presented as ISQ values.

The results were analyzed using IBM SPSS Sta-
tistics 19 software.

RESULTS
The mean MIT, PTV and ISQ values for the 6 

groups of implants are presented in Table 1. 
To determine which element of the implant 

macrodesign (the length or the diameter) influences 
the implant primary stability more, we compared the 
mean MIT, PTV and ISQ values, obtained during the 
insertion of implants with a diameter of 4.1 mm and 
a length of 10 mm, and a diameter of 4.8 mm and a 
length of 8 mm.

With an implant diameter increase by 0.7 mm 
and length decrease by 2 mm only the maximum in-
sertion torque demonstrated significant difference, 
as it is greater for the shorter smooth and rough im-
plants of larger diameter. The resonance frequency 

Dimension
Smooth Surface Rough Surface

MIT PTV ISQ MIT PTV ISQ
3.3 mm/10 mm 14.630 1.3 59 15.300 1.1 59.1
4.8 mm/8 mm 35.100 -3 64 37.040 -2.8 64.4
4.1 mm/10 mm 30.200 -2.8 64.5 34.270 -3.2 61.9

Table 1. The mean MIT, PTV and ISQ for the different implant groups

Fig. 1. The mean MIT, PTV and ISQ of 4.1 mm/10 mm (4110) and 4.8 mm/8 mm (488) implants with rough (-R) and 
smooth (-S) surface
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analysis and the damping capacity did not indicate 
significant difference in the primary stability of both 
sizes of implants (Fig. 1). 

When there was an increase in the diame-
ter of 1.5 mm and decrease in the length of 2 mm, 
significant difference in the primary stability of the 
3.3 mm/10 mm and of the 4.8 mm/8 mm implants 
was observed, considering the results of all three as-
sessment methods. The maximum insertion torque, 
PTV ​​and the ISQ values ​​were higher for the implants 
with a diameter of 4.8 mm and a length of 8 mm. 
Less demonstrative were the results obtained dur-
ing the resonance frequency analysis, while the oth-
er two methods showed significant difference (Fig. 
2). This dependence was observed for both surface 
modifications of the implants.

DISCUSSION 
RFA, damping capacity and MIT seemed to be 

reliable for measuring implant primary stability. The 
alteration of the implant parameters resulted in alter-
ation of the implant stability, which can be detected 
by the methods mentioned above. Same relation was 
established also in previous study, conducted under 
similar conditions (25).The results demonstrated that 
the primary stability achieved by increasing the di-
ameter of the implants by 0.7 mm is comparable to 
that obtained by increasing their length by 2 mm at 
a smaller diameter (4.1 mm). When the difference 
in the diameter increased more (from 0.7 mm to 1.5 
mm, when comparing the 3.3 mm/10 mm and 4.8 
mm/8 mm implants), the increase of the length of the 
smaller diameter implants did not result in prima-

ry stability values comparable to those obtained dur-
ing the insertion of  wider and shorter implants. Oth-
er studies support the view that the implant length 
has less influence on the primary stability than the 
implant diameter (20,26,21). The authors also add 
that the primary stability achieved by increasing the 
length is not comparable to that obtained by increas-
ing the density of the artificial bone blocks (26). Ac-
cording to our results, implants with a diameter of 3.3 
mm demonstrated significantly lower primary sta-
bility, despite their longer length and smaller thread 
pitch, which, according to the most authors, leads to 
improved primary stability (8,27). The literature data 
on the impact of the implant length on primary sta-
bility are contradictory. According to some authors, 
the implant length either does not affect (28,29), or 

even has a weakly negative impact on the primary 
stability (30,16). Other studies prove the opposite: 
primary stability could be increased when longer im-
plants were placed (22,23). According to our study, 
there was no significant difference in the primary 
stability of the implants with a 0.7 mm larger diam-
eter and the 2 mm longer implants with smaller di-
ameter. Gomez-Polo (31) et al. reported similar re-
sults. They compared implants with the same diame-
ter and 1.5 mm difference in implant length. Despite 
the controversial reports about the effect of the im-
plant length on the primary stability, most of the lit-
erature data suggests that the larger implant diame-
ter improves the implant primary stability (14,16,32), 
provided that this depends on how much exactly the 
diameter increases (11,33).

Fig. 2. The mean MIT, PTV and ISQ of 3.3 mm/10 mm (3310) and 4.8 mm/8 mm (488) implants with rough (-R) and 
smooth (-S) surface
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CONCLUSION
Considering our results as well as the litera-

ture data, we can conclude that the increase of the 
implant diameter affects the improving of the pri-
mary stability more than the increase of the implant 
length. However, it should be taken into account that 
this refers to a specific diameter change of 1.5 mm 
and length change of 2 mm. More studies, including 
implants with a greater difference in the length and a 
different diameter to length ratio, are needed to con-
firm or reject this relation.
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