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Abstract

Background: Implant restorations have become a high predictable treatment option. Several caracteristics such as
surgical technique and implant design can influence the treatment outcomes. The aim of the present study was to
evaluate the influence of implant macro-design on primary stability measured with resonance frequency analysis
(RFA) and insertion torque (IT).
Material and Mehods: A total of 47 implants divided in two groups: Test group (TI): 22 Tapered MIS® Seven implants; Control group (CI): 25 cylindrical Astra® Osseospeed implants. All implants were inserted following the
manufacturers’ standard protocols. Implant primary stability was measured at the moment of implant placement
by registering insertion torque values (ITv) and ISQ values by means of Osstell™ Mentor (ISQv) (Integration
Diagnostic Ltd., Goteborg, Sweden).
Results: In the mandible, mean ISQv for tapered implants (TI) was 71.67±5.16 and for cylindrical implants (CI)
57.15±4.83 (p=0.01). Mean insertion torque was 46.67±6.85 Ncm for TI and 35.77±6.72 Ncm for CI (p=0.01). In
the maxilla, mean ISQ was 67.2±4.42 for tapered implants and 49.17±15.30 for cylindrical implants (p=0.01).
Mean insertion torque for TI was 41.5±6.26 Ncm and for CI 39.17±6.34 Ncm (p>0.05). For tapered implants, no
correlation could be found between implant diameter and primary stability. But for cylindrical implants there was
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a statistically significant correlation between implant diameter and primary stability: ITv (p=0.03); ISQv (p=0.04).
Conclusions: Within the limits of the present study, tapered shaped implants achieve higher primary stability measured through ISQ and insertion torque values. Moreover, for cylindrical implants positive correlation has been established between implant diameter and primary stability.
Key words: Primary stability, tapered, cylindrical, conical, implant macro-design.

Introduction

ity, which would ensure the likelihood of implant success and osseointegration. Consequently, poor primary
stability was thought to be one of the major causes of
implant failure. Primary implant stability is influenced
by many factors including local bone quality and quantity, and implant macro-design (3,9,10). In this context,
there is some controversy about which implant design
achieves better implant stability. Implant stabilization
is an important parameter in reducing fibrous tissue
formation around implants; according to the literature,
maximum acceptable micromovement is between 50
and 150μm. Some authors report that early failure may
be caused by poor implant stability, so implant primary
and secondary stability are considered key factors for
implant success (5).
The aim of the present study was to evaluate clinical
primary stability, by means of resonance frequency
analysis and insertion torque, to discover whether implant macro-design has any influence on primary stability. It also set out to determine any relationship between
implant diameter and primary stability.

Implant restoration of partially or fully edentulous
patients has become a highly reliable and predictable
treatment option with high survival and success rates
(1). The outcomes of different implant procedures depend on several variables including patient characteristics, surgical technique, and implant design. Another
important factor is implant stability (2,3). Several noninvasive clinical test methods for determining implant
stability have been described, such as visual evaluation,
Ping test (percussion test which consists in tapping on
implant-abutment interface with a metallic instrument),
insertion torque, Periotest and resonance frequency
analysis (RFA) (2,4). Despite the availability of a wide
variety of stability quantifiers, only some of these have
proved valid. Nowadays, insertion torque and RFA are
seen as the gold standard for evaluating in vivo implant
primary stability. Insertion torque quantifiers allow
only a single measurement of primary stability, while
RFA offers the possibility of checking in vivo implant
stability at different times.
Insertion torque value, also known as cutting resistance
measurement to assess bone density during implant surgery, was first described by Johansson and Strid in 1994
(2). Insertion torque is a mechanical parameter influenced by surgical procedure, implant design and bone
quality. A high insertion torque means that the implant
is firmly embedded in the bone and mechanically stable.
Someauthors have found that insertion torque values
above 32 Ncm are an indication of adequate primary
stability (5). RFA consists of applying a bending load
that mimics clinical loading and direction; it provides
information about the stiffness of the implant-bone
junction. The value produced is a combination of bone
implant contact and bone density around the implants.
RFA instruments perform a quick and simple measurement, the result of measurement is presented within a
parameter called implant stability quotient (ISQ). The
ISQ ranges from 1 (low stability) to 100 (high stability)
(6-8).
Implant stability is defined as the absence of movement
at the moment of measurement. This factor can be measured at the moment of implant placement (primary stability) or once the osseointegration process is underway
(secondary stability). Both parameters are interrelated
positively. Traditionally, a high primary stability was
associated with expectation of good secondary stabil-

Material and Methods

The present study was conducted at the School of Dentistry og the Universitat Internacional de Catalunya, between September 2008 and April 2009. The University
Ethical Committee for Clinical Research approved the
study protocol (B-44-EFP-08). All patients gave their
informed consent in writing to take part in the study.
- Inclusion criteria:
● Patients aged over 18 years, of either gender, and presenting adequate medical conditions to undergo implant
surgery.
● Fully or partially edentulous patients attending the
School of Dentistry, due for rehabilitation with dental
implants, with no dental extractions performed at least
3 months before surgery.
● CT scans that showed sufficient bone volumes to
allow implants of at least 3.5 mm. in width and 10 mm.
in length, leaving one millimeter of buccal and lingual
plate and at least 2 mm. of distance to the lower alveolar
dental nerve.
● Patients willing to attend all check-up visits at the
School of Dentistry.
● Patients willing to provide informed consent to take
part in the study.
- Exclusion criteria:
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● Unmanaged psychiatric diseases.
● Unmanaged systemic disease.
● Presence of active infection or inflammation.
● Patients with previous history of radio and/or chemotherapy treatment.
● Patients with previous history of oral or intravenous
bisphosphonates.
● Pregnancy.
● Smokers consuming more than 10 cigarettes per day.
● Clinical situations of post-extraction implants.
● Need to place implants with sinus lift procedures and/
or in regenerated ridges/sockets.
- Pre-surgical protocol
Patient medical charts were filled out registering personal data, medical health and buccodental status. Extra-oral and intraoral pictures were taken. Study cast
models were fabricated for each patient with alginate,
and a diagnostic wax-up was made; later, a CT scan
was made with a radiological guide. Implant planning
was carried out using Physioplant™ software (PHYSIOPLANT SRL, Roncadelle, Italy).
Before surgery patients were administered with:
● Oral prophylaxis two weeks before surgery, in cases
of a plaque index >20%
● Clorhexidine (0.12%) rinses twice daily for 45 seconds, from three days before surgery.
● Antibiotic therapy, amoxicillin 2g taken orally, one
hour before treatment, clindamycin 600 mg administered one hour before surgery.
- Surgical procedure
All patients were treated under local anesthesia (Articaine 40 mg/0.01mg epinephrine). Incisions were
performed as required by each particular situation. A
full thickness flap was raised if needed and implant surgery was performed using a surgical guide, with total
or partial guidance, prepared from the diagnostic waxup. Two different implants macro-design were used in
the study: A. Cylindrical shaped Implants (CI) Astra®
Osseospeed (AstraTech Implant System, Dentsply Implants, Mölndal, Sweden) and Conical shaped Implants
(TI) Mis® Seven (MIS®, Medical implants System, Israel). All implants were placed according to the manufacturers’ standard protocol. After implant placement,
implant primary stability was measured by means of
insertion torque (ITv) and ISQ value (ISQv) from Osstell™ Mentor (ISQv) (Integration Diagnostic Ltd.,
Goteborg, Sweden).
- Insertion torque:
At the moment of implant placement, an initial insertion
torque of 20 Ncm was established, increasing by 5 Ncm
if needed until total implant insertion had been achieved;
in case of any exposed threads, a hand-wrench was used
to achieve total insertion of the implant, in which case
torque values were recorded as 50 N/cm.
- Resonance frequency analysis (RFA):

Resonance frequency measurements were recorded using Osstell™ Mentor (ISQv) (Integration Diagnostic
Ltd., Goteborg, Sweden). A Smartpeg™ (Integration
Diagnostic Ltd., Goteborg, Sweden) was attached to
each implant with 5 Ncm. Smartpegs™ were used only
once and were chosen in relation to the implant brand
and connection. Each implant was measured twice,
from two different angles, around 90 degrees apart, and
parallel to the crestal line. The highest value was registered, and other values rejected. The Smartpeg™ was
then removed and the area sutured with monofilament
suture 4/0. To prevent early post-operative complications, antibiotics were prescribed: 500mg amoxicillin
every 8 hours for 6 days post-surgery; in the case of
a penicillin allergy, 300 mg clindamycin was administered every 6 hours for 5 days after surgery. Non-steroidal anti-inflammatory drugs (NSAIDs) were administered every 8 hours as needed. Post-operative instructions were given to the patient. Sutures were removed
one week after surgery.
- Statistical Analysis:
Statistical analysis was performed using SPSS® 21.0
software (SPSS, Chicago, IL, USA). Values were expressed as the means ± standard deviation. Implant
design (conical or cylindrical) was compared with the
primary stability values of resonance frequency (ISQ)
and insertion torque (Ncm), in both the mandible and
maxilla. Normality was checked using the ShapiroWilk test. As the distribution of data was not normal,
the Mann-Whitney test was applied. This test uses median values rather than means to perform comparative
analysis of quantitative and qualitative variables. The
Kruskal-Wallis test was used to analyze correlation between implant diameter and primary stability. The significance level was set at p=0.05.

Results

Data for the 47 implants tested in the study are expressed in table 1. In the mandible, the mean ISQ value
for tapered implants was 71.67±5.16 and for cylindrical implants 57.15±4.83. (p=0.01). Insertion torque was
46.67±6.85 Ncm for tapered implants and 35.77±6.72
Ncm for cylindrical implants (p=0.01) (Fig. 1).
In the maxilla, the mean ISQ value for tapered implants was 67.2±4.42 and for cylindrical implants it was
49.17±15.30 (p=0.01) (Fig. 2). Mean insertion torque for
tapered implants in the maxilla was 41.5±6.26 Ncm and
39.17±6.34 Ncm for cylindrical implants (p>0.05).
The Mann-Whitney test was used to determinate the
influence of diameter on the ISQ and insertion torque
of conical implants. For 3.75 mm diameter implants
mean ISQ was 68.33±4.21 and mean insertion torque
was 43.89±6.97 (p>0.05). For 4.2 mm diameter implants mean ISQ was 70.54±5.84 and mean insertion
torque was 44.62±7.20 (p>0.05). The results showed no
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Table 1. Data Collected.

Nº

POSITION

SYSTEM

DIAMETER

18

Mandible

Mis®

4,2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Mandible
Mandible
Mandible
Mandible
Maxilla
Maxilla
Mandible
Mandible
Maxilla
Maxilla
Maxilla
Maxilla
Maxilla
Maxilla
Mandible
Mandible
Mandible
Mandible
Maxilla
Maxilla
Maxilla
Maxilla

Mandible
Mandible
Maxilla
Maxilla
Maxilla
Maxilla
Maxilla
Maxilla
Mandible
Mandible
Mandible
Mandible
Mandible
Mandible
Maxilla
Maxilla
Maxilla
Mandible
Maxilla
Mandible
Mandible
Mandible
Mandible
Mandible

Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®
Mis®

Mis®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Astra®
Mis®
Mis®
Mis®
Mis®
Mis®

DESIGN

ITv

ISQv

Conical

50

74

3,5
4
3,5
3,5
4,5
4
3,5
3,5
3,75
4,2
3,75
3,75
3,75
4,2
4,2
4,2
4,2

Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical

4,2

Conical

4,2
4,2
4,2
4,2
4,2

4,2
4,5
4
4
4
4
4
4
4
4
4
4
4
4
4
3,5
4,5
4
3,75
3,75
3,75
3,75
3,75
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Conical
Conical
Conical
Conical
Conical

Conical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Cylindrical
Conical
Conical
Conical
Conical
Conical

30
45
30
40
35
35
30
30
45
45
45
45
45
45
45
50
50
50
40
40
25
40
50
50
40
40
40
40
40
40
30
30
30
40
40
45
50
50
30
45
30
50
50
50
30
35

53
52
55
56
71
73
66
68
67
70
71
69
72
64
77
75
75
75
65
70
67
57
73
75
62
30
32
44
28
55
56
57
55
52
58
58
53
42
58
57
42
72
73
67
63
61
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Discussion

significant statistical relation between implant diameter
and primary stability in conical design implants. The
Kruskall-Wallis test was applied to the group of cylindrical implants. In this case, the p-value for the ISQ
variable was 0.03 and for the insertion torque p=0.04.
So for cylindrical design implants there is a significant
statistical relation between diameter and primary stability (Fig. 3).

In the present study the ISQ and insertion torque values were higher in the mandible than in the maxilla,
except for the insertion torque of cylindrical implants.
The results suggest that conical implants achieve higher
ISQ values (ISQv) (p=0.01) and insertion torque values
(ITv) (p=0.01) than cylindrical design implants in the
mandible. In the maxilla, tapered implants had higher

Fig. 1. Insertion Torque Value by implant in the Mandible.

Fig. 2. ISQ by implant in the Maxilla.
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Fig. 3. Relation between Insertion Torque value (ITv) and implant diameter in cylindrical implants group.

by Dos Santos et al. (5) found higher insertion torque
for conical implants than cylindrical implants; similar
results were reported by Friberg et al. (19) Sakoh et al.
(20) compared primary stability in vitro of two implants
of different macro-design, one conical and the other cylindrical; in agreement with the present results, the conical implants showed significantly higher insertion torque,
but did not show higher ISQ values. This also agrees with
an animal study by Al-Nawas et al. (21). Contrary to the
results of the present study, Bilhan et al. (22) assessed
conical and cylindrical implants in an animal model; the
authors found significantly higher insertion torque and
ISQ values with the cylindrical implants. These differences might be explained by the fact that the implants
were placed in cancellous bone and furthermore, the cylindrical implants were partially tapered.
The Osstell™ Mentor (Integration Diagnostic Ltd.,
Goteborg, Sweden) provides information about the stiffness of the implant-bone junction, while insertion torque
is a mechanical parameter that measures cutting resistance. This difference may explain why in the maxilla no
correlation was found between these two primary stability assessment parameters. Moreover, in addition to
macro-design, other differences between implants may
influence the results. For some researchers, in addition
to macro-design (conical/cylindrical), surface treatment
is also an important factor (23,24).
A secondary objective of this study was to determine
the relationship between implant diameter and primary
stability. For conical implants, no relation was found
between diameter (3.75 mm or 4.2 mm) and ISQ val-

ISQ values (ISQv) (p=0.01), although conical implants
had higher insertion torque than cylindrical design implants, However no statistically significant differences
were found (p>0.05).
In agreement with these results, Menicucci et al. (11)
recently compared conical and cylindrical implant designs, finding higher insertion torque values for tapered
implants (31.5 Ncm), compared with straight-walled implants (25.5 Ncm) (p=0.05). In another study, conducted
by O’Sullivan et al. (12) in an animal model, tapered
implants showed higher ISQ values and insertion torque
compared with standard Bränemark implants. Similar
results were obtained by this author and co-workers (13)
in another human cadaver study. An animal study comparing different implant designs, concluded that tapered
implants showed significantly higher stability than other conventional cylindrical implants (14). Rokn et al.
(15) suggested that tapered implants exert more lateral
compressive force on the bony walls surrounding the
implant, so in areas with inadequate bone quality and
quantity, the use of tapered implants is recommended
to achieve better primary stability. In the present study,
implants with exposed threads and with inserion torque
over 50 Ncm were inserted with the wrench and were
quantified as ITv of 50 Ncm, this fact might have distorted the results.
Regarding RFA analysis, recent studies performed with
implants placed in artificial bone blocks or in animal
models, have concluded that conical implants show significantly higher ISQ values compared to cylindrical implants (16-18). The results of a clinical trial performed
e219
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ues and insertion torque (p>0.05). However, there was
a tendency for primary stability values to improve with
the larger implant diameter. This finding is in agreement
with an animal study by Ohta et al. (8) who showed that
although the diameter of Replace Selected® tapered
implants did not have a significant effect on ISQ values measured with the Osstell™ Mentor (Integration
Diagnostic Ltd., Goteborg, Sweden), there was a tendency towards increased ISQ when implant diameter
increased. Contrary to our results, an in vitro study of
tapered implants by Tözum et al. (25) found a mean ISQ
values of 78.7±0.6 and 81.6±0.6 for 3.75 mm diameter
and for 4.2 mm diameter, respectively (p<0.05). More
recent clinical and in vitro studies have shown that narrow platform implants present significantly lower ISQ
values in comparison with regular and wide platform
implants; however, no significant differences have been
observed when comparing ISQ values (16).
In the group of cylindrical design implants, a statistically
significant relationship between diameter (3.5 mm, 4 mm
and 4.5 mm), insertion torque and ISQ values was found.
However, it must be emphasized that the sample was not
homogeneous, because 6 implants had a diameter of 3.5
mm, 16 had a diameter of 4 mm and 3 had a diameter of
4.5 mm, which may have distorted the results. Nevertheless, these results are in agreement with a clinical study
by Park et al. (26) but do not agree with Han et al. (27)
who concluded that implant diameter is not an important
factor for ISQ values obtained by cylindrical implants.
Barikani et al. (16) did not find significant differences in
ISQ values between wide and regular diameter implants,
but narrow implants showed significantly lower ISQ values than regular and wide implants.
Primary stability remains crucial to the success of
immediate loading protocols. Recent research recommends an insertion torque value of between 32 and 50
Ncm, when performing immediate loading procedures
(28-30). In the present study, only conical design implants group achieved insertion torque values over 32
Ncm across the entire sample. For this reason, conical implants should be the first option for ensuring adequate primary stability in immediate or early loading
protocols.
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Conclusions

Within the limits of the present study, conical design
implants achieved higher primary stability (measured
by means of ISQ) and insertion torque values. For cylindrical implants, there was positive correlation between
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