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Abstract

Obijectives: The present study measured implant stability quotient (ISQ) values at three different

time points after surgical procedures to compare whether the stability values differed between

implants placed in fresh extraction sockets versus healed alveolar sites.

Materials and methods: To measure implant stability, resonance frequency analysis (RFA) was
performed in 77 patients (53 women, 24 men) with a total of 120 dental implants. These implants
were divided into two groups: Group 1 included 60 implants in healed alveolar sites (22 in the
maxilla, 38 in the mandible), and Group 2 included 60 implants in fresh sockets (41 in the maxilla,

19 in the mandible). Implant stability was measured immediately at implant placement (baseline),

90, and 150 days later. Statistical analysis was made using a multivariate regression linear model at

implant level (o = 0.05).

Results: Overall, the means and standard deviations of the ISQ values were 62.7 &+ 7.14 (95%
confidence interval [Cl], 39-88) at baseline, 70.0 + 6.22 (95% Cl, 46-88) at 90 days, and 73.4 + 5.84
(95% ClI, 58-88) at 150 days. In Group 1, the ISQs ranged between 64.3 + 6.20 and 75.0 + 5.69,
while in Group 2, presented lower values that ranged between 61.2 + 8.09 and 71.9 + 5.99

(P = 0.002). Anatomic location and times periods were the only identified variables with an
influence on 1SQ values at implant level (P < 0.0001).

Conclusions: The stabilities of the implants placed in the fresh sockets and in healed sites
exhibited similar evolutions in I1SQ values and thus osseointegration; however, the implants in the

healed alveolar sites exhibited superior values at all time points.

Immediate implants positioned in the course
of tooth extraction exhibit a success ranging
from 92.7% to 98.0%
2004). However, in long-term observations,
no significant differences in the success and
aesthetic reported
between immediate and delayed implants
(Grunder et al. 1999; Mangano et al. 2012).
The surgical requirements for immediate
implants include atraumatic tooth extraction,
preservation of the extraction socket walls,

(Penarrocha et al.

outcomes have been

and thorough alveolar curettage to eliminate
any possible pathological material. Also, pri-
mary implant stability is also an essential
requirement and is achieved through the use
of implants that exceed the alveolar apex by
3-5 mm or by placing a dental implant with

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

a greater diameter than the alveolar socket
(Becker & Becker 1996; Barone et al. 2006).

Implant stability is a prerequisite for the
long-term clinical success of implant-sup-
ported restorations and depends on the quan-
tity and quality of the local bone, the
implant geometry, and the surgical technique
used (sub-instrumentation vs. over-instru-
mentation) (Friberg et al. 1999; Dottore et al.
2014). The changes that occur during tissue
healing, such as bone resorption and integra-
tion of the bone-implant interface, can deter-
mine the degree of the secondary implant
stability. Obviously, the healing process will
be affected by bone morphology, including its
trabecular pattern, density, and the degree of
maturation (Zix et al. 2008).
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Resonance frequency analysis (RFA) offers
a clinical, noninvasive measure of stability
and presumed osseointegration of implants
(Meredith et al. 1997ab; Meredith 1998;
Barewal et al. 2003) and is a useful tool to
establish timing for implant loading (Uribe
et al. 2005). Clinically, RFA values have been
correlated with changes in implant stability
healing, the
implants to integrate, and the supracrestal
dimensions of the implant (Meredith 1998;
Friberg et al. 1999).

Therefore, the objective of the present

during osseous failure of

study was to measure implant stability quo-
tient (ISQ) values at three different time
points after surgical placement (immediately,
90, and 150 days later) to evaluate the influ-
ence of dental implant placement in fresh
extraction sockets compared to healed sites.

Material and methods

Patient population
A total of 77 patients were included in this
study. There were 53 women and 24 men,
and the patients’ ages ranged from 26 to
65 years. The study was approved by the Eth-
ics and Research Committee of Sao Leopoldo
Mandic University (Campinas, Brazil). All
patients were informed regarding the nature
of the study and their participation, and
according to the Helsinki Declaration of
1994, every patient provided written consent.
The inclusion criteria were based on the
patients’ current stable medical conditions,
their ability to withstand the stress of a den-
tal implant surgery, and their requests for
implants in their maxilla or mandible. All
included patients agreed to participate in the
implant stability study based on resonance
frequency analysis for a period of 150 days.
Additionally, cases where immediate loading
was not indicated were also included. The
patients were not included if they presented
with systemic alterations such as diabetes,
hypertension or osteoporosis, oral pathology
in their soft or hard tissues, or harmful oral
habits such as bruxism and smoking. The
exclusion criteria based on the local implant
site included the presence of uncontrolled or
untreated periodontal disease, insufficient
bone volume for implant insertion without
augmentation procedures, and active infec-
tion in the area or an apical cyst.

Dental Implant surface topography

In this study, screw-shaped implants made of
grade 4 titanium (Fig. 1 — Implacil De Bortoli,
Sao Paulo, Brazil)] were prepared by sand-
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Fig. 1. Designs of the implants used in the study. Notably, the differences between the implant models were

restricted to the cervical portion and the connection type (i.e., internal hexagon or Morse taper).

blasted acid-etched surface technology as pre-
viously described (Pita et al. 2014). The acid-
etching process was controlled to create a
homogeneous implant surface topography.
The implants were blasted with 50-100 pm
TiO, particles. After sandblasting, the dental
implants were ultrasonically cleaned with an
alkaline solution, washed in distilled water,
and pickled with
(HO,CCH,CHOHCO,H).

An optical laser profilometer (Mahr GmbH,
Brauweg 38 Gottingen, Germany) was used

maleic acid

to measure the implant surface microtopogra-
phy. Parameters such as the mean and stan-
dard deviation of the absolute values of all
profile points (Ra), the root mean square of
the values of all points (Rq), and the average
value of the absolute heights of the five high-
est peaks and the depths of the five deepest
valleys (Rz) were of 0.87 &+ 0.14, 1.12 + 0.18,
and 5.14 + 0.69 pm, respectively.

Experimental design

The patients were divided into two groups as
follows: Group 1 (n =34 subjects) included
60 implants in the healed alveolar sites (25
in maxilla and 35 in mandible), and Group 2
(n = 43 subjects) included 60 immediately
placed implants in the fresh extraction sock-
ets (36 in the maxilla and 24 in the mandi-
ble). The inclusion criterion on the group
was based on the clinical site condition
(healed or fresh extraction sockets). The fol-
lowing clinical information was collected:
patient age, gender, implant location, implant
macro-geometry, implant length and diame-
ter, and condition of the implantation site.
The implant connection chosen was not ran-
domized (internal hexagon or Morse taper).

Surgical procedure

Standard routine surgical procedures were
applied. The patients were pre-medicated
with amoxicillin (875 mg orally twice per
day) for 5 days, and an initial dose (2 g) was
administered 2 h before surgery. All surgical

procedures were performed under local anes-
thesia with 2% articaine (DFL Ltda, Rio de
Janeiro, Brazil) in an outpatient setting by
the same surgeon who was familiar with the
dental implant system. Next, a full thickness
mucoperiosteal flap was elevated at the sites
in Group 1, and in Group 2, following tooth
extraction, the osteotomy was realized. The
osteotomies were produced using the conven-
tional drilling method (according to the man-
A total of 120
conical implants were applied and included

ufacturer’s instructions).
internal hexagon (n =69) and Morse taper
(n = 51) connections in diameters of 3.5 mm
(n=36) or 4 mm (n=84) and lengths that
ranged from 8 to 13 mm. The implants were
selected based on the prior evaluation of each
case. The selections of the connection types
were based on differences in the characteris-
tics of the cervical areas of these two models
as shown in Fig. 1.

For drilling, a Kavo Concept motor (KaVo
Dental GmbH, Biberach, Germany) and a
counter angle with a 27:1 reduction were
used under external irrigation with 0.9% sal-
ine solution. All implants were installed
using surgical guides, and the wounds were
sutured. Cetoprofeno (200 mg/day) and parac-
etamol (750 mg, three times per day) were
administered for pain relief for 3 days after
the surgeries. All implants were submerged
for 90 days with a healing abutment until
the initiation of rehabilitation after 150 days.
Between 90 and 150 days, restorative proce-
dures were performed.

After dental implant insertion, evaluation
of the resonance frequency evaluation was
performed using the Ostell™ Mentor (Integra-
tion Diagnostics AB, Goteborg, Sweden) with
magnetic RFA measurements. A Smartpeg™
(Integration Diagnostics AB) was placed into
each implant and tightened to approximately
5 Ncm. The transducer probe was aimed at
the small magnet at the top of the Smartpeg
at a distance of 2 or 3 mm and held stable
during the pulsing until the instrument

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Fig. 2. The measurement of ISQ using the Osstell Men-

™

tor

beeped and displayed the ISQ value. The ISQ
values were measured during the surgical
procedure (T1 - baseline), at 90 days (T2),
and at 150 days (T3) after surgeries (Fig. 2).
The measurements were taken twice in the
bucco-lingual direction and the mesio-distal
direction (Sim & Lang 2010). The mean of
the two measurements in each direction was
regarded as the representative ISQ for that
direction and considered for statistical analy-
sis. The higher bucco-lingual and mesio-dis-
tal ISQ values were used to generate a mean
value, and all values were recorded. Addition-
ally, each implant was evaluated at all visits
for mobility, pain, and signs of infection.

Statistical analysis

The statistical analysis was performed using
a multivariate linear regression model
(McCulloch & Searle 2000)
implant diameter, length, connection, surgi-

considering:

cal site condition, anatomic location, and
time periods. The ISQ value was the depen-
dent variable. The level of significance was
set at o = 0.05.

Results

Seventy-seven patients (53 women and 24
men; ages from 26 to 65 years) received den-
tal implants. Detailed distributions for the
groups regarding implant diameter, length,
connection, and ISQ values over investigated
time periods by arch type are depicted in
Table 1. The detailed distributions for the
Groups are depicted in Figs 3 and 4. All
implants survived and were osseointegrated.
Dropouts were not observed during the evalu-
ation period.

Overall, the mean and standard deviation of
1SQ values were 62.7 + 7.14 (95% CI: [39-88])
at T1, 70.0 £ 6.22 (95% CI, [46-88]) at T2, and
73.4 + 5.84 (95% CIL [58-88]) at T3. In the
maxillary arch, the overall ISQ values for G1
and G2 were 70.23 and 67.07, respectively. In
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Table 1. Demographic data

Surgical site condition

Extraction sockets (G2)

Healed sockets (G1)

Number of patients (total) 43 34
Number of implants (total) 60 60
Maxilla (per implant)
Diameter
3.5 mm 13 18
4.0 mm 23 17
Length
8 mm 0 0
10 mm 3 7
11 mm 14 15
13 mm 19 13
Connection type
IH 15 16
M 21 19
Mandible (per implant)
Diameter
3.5 mm 1 4
4.0 mm 23 21
Length
8 mm 1 6
10 mm 17 16
11 mm 5 3
13 mm 1 0
Connection type
IH 17 21
c™M 7 4
Mandible (ISQ values) T1 T2 T3 T1 T2 T3
Mean 64.41 73.11 75.52 67.51 74.68 76.22
SD 5.15 5.95 5.04 5.15 6.54 5.80
No. of implants ISQ > 65 17 34 36 23 35 35
No. of implants ISQ < 65 19 2 0 12 0 0
Maxilla (ISQ values) T1 T2 T3 T1 T2 T3
Mean 63.83 70.58 74.04 63.68 69.96 73.72
SD 7.59 7.76 6.40 7.23 8.35 5.51
No. of implants ISQ > 65 10 20 22 13 22 23
No. of implants ISQ < 65 14 4 2 12 3 2

IH, internal hex; CM, cone Morse; 1SQ, implant stability quotient; T1, baseline; T2, at 90 days; T3, at

150 days.

the mandibular arch, the ISQ values for Gl
and G2 were 70.57 and 66.74, respectively.

In Group 1, the mean and standard devia-
tion ISQ values at T1, T2, and T3 were
64.3 + 620, 72.1 +5.58, and 75.0 + 5.69,
respectively. In Group 2, the corresponding
values were 61.2 + 8.09, 67.9 + 6.86, and
71.9 £ 5.99.

The multivariate regression analysis identi-
fied that only two factors (anatomic location,
time period) had an influence on ISQ values
(R* = 0.3249; R*> adjusted = 0.3211; multiple
correlation coefficient = 0.57; both factors
with P < 0.0001). Site location (extraction x
healed) did not demonstrate influence on I1SQ
values as shown in Table 1.

Discussion

This clinical study describes a comparison of
the resonance frequency analysis of implants

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

placed into fresh sockets and healed sites at
three different time periods. No implants
were lost throughout the study short-time
period,
implants in the present study was 100%. Ini-

and the survival rate of dental

tial implant stability plays a pivotal role in
achieving osseointegration. A significant rela-
tionship was found between the bone type
and ISQ values (Balleri et al. 2002; Barewal
et al. 2003; Bischof et al. 2004; Nedir et al.
2004; Oates et al. 2007; Dottore et al. 2014).
The quantity and location of cortical and tra-
becular bone surrounding the implants are
important factors for stability because these
factors contribute to bone-implant contact
(Meredith 1998).

Dental implants placed in fresh sockets
presented several advantages, such as reduc-
in surgical trauma and the treat-
ment time. It has also been reported that

tions

the immediate placement of implants can
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Fig. 3. Bar graph showing the detail distributions of the implants in Group 1 (healed sites).
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Fig. 4. Bar graph showing the detailed distribution of the implants in Group 2 (fresh extraction sockets).

prevent bone resorption and might result in
better remodeling of the socket. For these
favorable outcomes, the placement of the
implant at the palatal aspect of the socket
seems to be important for the prevention of
gingival recession (Kahnberg 2009). Also, it
has been suggested that immediate and
immediate-delayed implants might be associ-
ated with greater risks of implant failure and
complications compared to delayed implants;
however, the esthetic outcomes of implants
placed immediately after tooth extraction

4 | Clin. Oral Impl. Res. 0, 2015 | 1-6

might be superior (Mangano et al. 2013).
There is not enough reliable evidence to sup-
port or refute the need for augmentation pro-
cedures for immediate implants placed in
fresh extraction sockets or to determine
whether any of the augmentation techniques
are superior to the others (Esposito et al.
2010).

The clinical methods that are commonly
used to assess implant stability and osseoin-
tegration include percussion, mobility tests,
and clinical radiographs. All of these meth-

34 35 36 37
24 25 26 27

ods are limited by their lack of standardiza-
tion, poor sensitivity, and susceptibility to
operator variables (Meredith et al. 1997a,b;
Fischer et al. 2009). In the last decade, a
modern and noninvasive diagnostic tech-
nique called resonance frequency analysis
(RFA) was used for the evaluation and
measurement of the stability of implants
within bone at different clinical stages (Mere-
dith et al. 1997a,b; da Silva Neto et al. 2013).
The reasons for the use of this technique are
that it is rapid, straightforward, easy to

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



accomplish as part of a routine clinical proce-
dure, and there is no risk of patient discom-
fort.

During the bone-healing period, the
implants’ ISQ value varied with time. At
the surgical phase, the average ISQ for all
implants was 62.7 £+ 7.14, which indicates
good primary stability and is similar to
results obtained in different studies using
different type of implants that have reported
averages ranging from 60.3 to 62.6 (Friberg
et al. 1999; Zix et al. 2008). When the sta-
bility of the implants was evaluated after
tooth extraction, the mean value of the sta-
bility measures taken immediately after
implant placement was 62.0 + 9.8, and the
secondary stability after 1 year was 64.0 +
9.8 (Becker et al. 2005). In our study, the
overall mean ISQ values of the implants
that were placed in fresh sockets were 61.2 +
8.09 at time 1 and increased to 67.9 + 6.86
at 90 days and to 71.9 £ 5.99 at 150 days
post-insertion.

The majority of the implants in the max-
illa had ISQs < 60, and those in the mandible
had ISQs > 60 (Nedir et al. 2004). Other stud-
ies have demonstrated that, following sur-
gery, the average ISQ values are higher in the
mandible (59.8 &+ 6.7) than in the maxilla
(55.0 &+ 6.8) when cylindrical implants are
used (Bischof et al. 2004). In the present
study, the average values were 64.3 for Group
1 and 61.2 for Group 2. In all cases, the val-
ues of the present study (which used conical
implants) were higher than those reported in
the aforementioned study (which used cylin-
drical implants); this difference might be
related to the different types of implant used.
However, we observed that the average val-
ues significantly increased after 90 and
150 days.

Bone density also influences initial implant
stability during insertion (Molly 2006; Turk-
yilmaz et al. 2009). The reported average
bone densities of the implant sites in a previ-
ous study (Turkyilmaz etal. 2007) were
856.8 Hounsfield units (HU) for the mandible
and 594.2 HU for the maxilla. However, ear-
lier study (Devlin et al. 1998) had reported a
mean bone mineral density of the mandible
of 1.11 g per square centimeter pressure units
(g/cm?), which is much larger than that in
the anterior maxilla (mean = 0.55 g/cm?) or
the posterior maxilla (mean = 0.31 g.cm?.
This result is consistent with the results of
the present study in which the mandible
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Fig. 5. Box plots showing the comparisons of the values between groups at the different time points. Outliers (blue

circles and orange squares).

exhibited significantly higher ISQ values at
all time points compared to the maxilla.
Despite this difference, when we examined
the Fig. 5 of the evolution of the ISQ values
across the different time points, the behav-
iors of the two areas (i.e., the maxilla and
mandible) were very similar, which suggests
that the differences in stability values were
due to the differences in bone density and
not differences in the process and/or time for
osseointegration.

Bone quality and implant stability are
lower in the posterior area; thus, the poster-
ior implant success rate is lower than the
anterior rate. In the anterior area, the thick
cortical bone and dense trabecular bone
increase the primary stability (Lazzara et al.
1996). According to Seong etal. (2009),
there is no consensus in the literature
regarding how the physical properties of
bone vary between the maxillary and man-
dibular regions or which physical properties
affect the initial implant stability. A clini-
cal study suggested that the use of thinner
drills for implant placement in the maxil-
lary posterior region where the bone quality
is poor might improve the primary implant
stability and help clinicians to obtain
higher implant survival rates (Turkyilmaz
et al. 2008). However, in our study, based
on the data from the immediate implants
(in both the maxilla and mandible), the
majority of the implants were installed in
the maxilla (71.6%), similar stabilities were
observed in the anterior and posterior max-
illa, and there were no differences indepen-
dent of time.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Some authors have suggested that the use
of longer and wider implants increases pri-
mary stability due to the increased bone-—
implant contact surface area (Balleri et al.
2002; Calandriello et al. 2003; Turkyilmaz
et al. 2007). In the present study, only the
(3.5 mm vs. 40 mm) and the
implant design and not the length of the

diameter

implant were used as evaluation factors, and
the results revealed significantly larger ISQ
values with greater implant diameter
(P <0.05). These results are not consistent
with those that have been found in other
studies that have reported no statistically sig-
nificant differences in ISQ due to length or
diameter ISQ (Balleri et al. 2002; Ostman
et al. 2006). Regarding the design of the
implant, IH implants with cervical microth-
reads exhibited significantly higher stabilities
at each of the three time points (P < 0.05).
These results are consistent with the mean
ISQ value of 62.4 for all of the measurements
taken on the day of surgery that was reported
study that

implants with cervical microthreads.

in another used cylindrical

Conclusions

The stabilities of the implants placed into
fresh extraction sockets or at healed alveolar
sites exhibited similar ISQ value evolutions
across the three investigated time points.
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