
Carolina Manresa
Manel Bosch
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Abstract

Background: Resonance frequency analysis (RFA) is applied clinically for the assessment of implant

stability, and the relevance of this application is widely accepted. However, the relationship

between resonance frequency (RF) and other parameters of implant stability, such as the

histomorphometrical bone-to-implant contact (BIC) parameter, has become controversial in the last

decade.

Objective: To analyse and clarify the controversial relationship between RF and

histomorphometrical BIC measurements.

Material and methods: A total of 36 dental implants (9 mm length, Ø 4.0 mm; Biohorizons!

Implant Systems Inc., Birmingham, AL, USA) with a soluble blasting media (sandblasting with

soluble particles) surface were implanted in six beagle dog mandibles. RFA assessments were

performed with a magnetic Osstel Mentor! device at the time of implant installation, and during

the monitoring period at weeks 1, 2, 4, 6 and 8, before implant retrieval. The dogs were sacrificed

and the implants were removed in block after 8, 6, 4, 2, 1 and 0 weeks, respectively. One group

was obtained at time 0, immediately after the implantation. The samples were embedded in

methyl methacrylate polymers (Technovit!) and cut along their long axis. BIC values were assessed

by a non-subjective and systematic method based on backscattered scanning electron microscopy

(BS-SEM) images. BIC% at the different time points was compared with the corresponding implant

stability quotient (ISQ) values of the RFA assessment.

Results: No statistically significant correlation between BIC and ISQ values (Osstell Mentor!) was

identified. The absence of a relationship between these two parameters is in agreement with

several previous studies in humans and experimental animals.

Conclusions: The lack of correlation between BIC and ISQ values suggests that ISQ as determined

by RFA is not able to identify the relationship between RF and histomorphometrical data.

For the successful osseointegration of an

implant, a structural and functional connec-

tion between bone and implant surface is

necessary. Primary stability at the time of

installation involves the mechanical engage-

ment of an implant to the surrounding bone

(Lioubavina-Hack et al. 2006). Secondary sta-

bility follows, which is the biological stabil-

ity gained with bone regeneration and

remodelling around the implant, that is,

osseointegration.

Implant stability is the main parameter that

influences the schedule of implant loading

and the outcome of the treatment (Jaffin &

Berman 1991; Chiapasco et al. 1997; Lazzara

et al. 1998; Szmukler-Moncler et al. 1998;

Testori et al. 2002). Factors affecting primary

stability would be bone quantity and quality,

surgical technique (including the skill of the

surgeon) and type of implant (geometry,

length, diameter and surface characteristics).

The mechanical properties of bone are deter-

mined by the composition of the bone at the

implant site and may increase during healing

because soft trabecular bone tends to undergo

a transformation to dense cortical bone at the

vicinity of the implant surface (Sennerby &

Meredith 2008). On the other hand, factors

affecting secondary stability would be primary

stability, bone modelling and remodelling, and

implant surface conditions (Meredith 1998b;

Atsumi et al. 2007).
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A number of approaches have been devel-

oped to measure implant stability using both

invasive and non-invasive means. Among the

invasive approaches, histomorphometrical

assessment of implant–bone interface pro-

vides reliable data on the strength of the

interface and the quality of implant anchorage

in peri-implant bone. Bone-to-implant contact

(BIC), bone volume density (BVD) and effec-

tive implant length (EIL) are some of the his-

tomorphometrical parameters used for that

purpose ex-vivo. The drawback of these mea-

surement approaches is that they are only

applicable in an experimental environment.

On the other hand, for the quantitative

assessment of bone mineral density in vivo,

quantitative computed tomography (QCT) has

been recently introduced. QCT is an accurate

and reproducible method for the quantitative

analysis of the mineral density of the residual

bone. However, QCT does not offer the

spatial resolution for an accurate analysis of

the bone structure for which typically bone

histomorphometry is used (Martinez et al.

2001). Other drawbacks of QCT are (i) a

certain radiation exposure and (ii) results are

severely impacted by metal components in

the vicinity of the desired location.

Clinicians need non-destructive techniques

and supporting objective guidelines to deter-

mine on an individual basis the stability of a

given implant in its peri-implant bone. Cur-

rently, several non-invasive methods, such as

torque measurements during implant inser-

tion, radiographic assessment, the Periotest!

instrument and resonance frequency analysis

(RFA), have been clinically used (Meredith

1998a,b; Aparicio et al. 2006; Atsumi et al.

2007).

The torque value is the final twisting force

of implant insertion. Although torque mea-

surement during implant insertion is simple,

this is not applicable in the process of treat-

ment and follow-up (Friberg et al. 1999). Perio-

test!, which was originally used for

measurement of natural tooth mobility, has

also been applied to test implant stability

(Schulte & Lukas 1993; Aparicio 1997; Isidor

1998). The Periotest! assesses the damping

capacity of the implant, although it is not use-

ful to evaluate mesiodistal stability. In addi-

tion, Periotest! seems to be insufficient to

detect small changes in implant stability,

because the direction and position of the

Periotest! probe affect the value. On the other

hand, Meredith et al. (1996) have described a

clinical non-invasive approach, named RFA,

for the assessment of implant stability, which

consist of evaluating bone anchorage around

an implant by measuring the resonance fre-

quency of a transducer coupled to the implant

(Meredith et al. 1996, 1997a,b). The instru-

ment is a piezo-electric element with a fre-

quency spectrum of 3500–8000 Hz. The

frequency with the highest amplitude is used

to calculate the so-called implant stability

quotient (ISQ) on a scale from 0 to 100.

According to the manufacturer, an almost lin-

ear relationship exists between the resonance

frequency and the ISQ value.

In the process of implant treatment and the

follow-up of the treatment, resonance fre-

quency (RF) is superior to other analyses

(radiographical analysis, cutting and insertion

torque, and Periotest!). Measurement of

implant stability through RFA is supposed to

reduce the observer-dependent errors occur-

ring with the Periotest!, as a transducer is

screwed on to the implant and measurements

are completely automatized. The torque used

during fixation of the transducer to the

implant has been shown not to alter the

results of RFA measurements, and the results

obtained from this type of measurement were

highly reproducible (Meredith et al. 1996).

Currently, several versions of the RFA devices

are available: the original is an electronic

apparatus (Osstell!), whereas the more recent

ones are wireless magnetic devices (Osstell

Mentor! [Integration Diagnostics, Gothen-

burg, Sweden] and Osstell ISQ!). The use of

the magnetic apparatus compared with the

predecessor was thought to result in improved

accuracy of the RFA technique (Atsumi et al.

2007).

A number of experimental and clinical

studies showed increasing RFA values during

healing after implant placement. The RF

changed according to the stiffness of the

excited abutment–implant system. Thus,

changes in implant RF could indicate

changes in anchorage (Meredith et al. 1997a,

b; Sennerby et al. 2005) and therefore may

be useful in documenting clinical implant

stability (Meredith et al. 1996; Meredith

1998a; Zix et al. 2008). In the last fifteen

years, several studies have been published

(Meredith et al. 1997b; Nkenke et al. 2003;

Gedrange et al. 2005; Schliephake et al.

2006; Scarano et al. 2006; Huwiler et al.

2007; Zhou et al. 2008; Ito et al. 2008;

Abrahamsson et al. 2009; Stadlinger et al.

2009; Stadlinger et al. 2012; Jun et al. 2010;

Blanco et al. 2011; Abdel-Haq et al. 2011;

etc.) trying to establish the validity of RFA

in the assessment of implant–bone anchor-

age by correlation of ISQ values and histo-

morphometrical parameters (Table 1).

The comparison of the literature in this

area is difficult because of the heterogene-

ity of the studies and nature of the tests:

(i) different types of histomorphometric

analysis: BIC (total, buccal or lingual), BVD

(bone volume density), EIL (effective

implant length), etc.; (ii) in vivo vs. in vitro

experiments; (iii) animal vs. human studies;

(iv) cadavers vs. patients; (v) different ani-

mal models – rabbits, dogs, mini-pigs,

sheeps, etc. – in mandible, tibia, femur,

etc.; and (vi) variations in macro and micro

implant design. Subsequently, conclusive

data on the relationship between bone–

implant interface and RFA values are still

lacking. It is worth mentioning that all the

histomorphometrical measurements of BIC

in these studies have been carried out by

the conventional procedure, analysing the

stained samples with light microscopy.

Regarding the equipment used for measur-

ing RF, the assessment of the ISQ values

was performed with the electronic Osstell!

device. The more accurate magnetic Osstell

Mentor! device was used only in four

studies.

Therefore, the aim of the present study was

to test the hypothesis that measurements of

implant stability using RFA correlate with

histomorphometrical data of BIC in a beagle

dog experiment. Special attention was paid to

the acquisition of the data to be correlated. In

this study, BIC assessment has been per-

formed by a non-subjective and systematic

method based on BS-SEM images (Manresa

et al. 2013), and RFA values were assessed

using the improved magnetic Osstell Mentor!

device. The data obtained from this animal

experiment might be useful in clarifying the

current controversial relationship between RF

and histomorphometrical parameters.

Material and methods

Experimentation animals

According to the ARRIVE guidelines for

reporting the animal experimentation (Kil-

kenny et al. 2010; Berglundh & Stavropoulos

2012), this animal study was approved by the

Animal Experimentation Ethics Committee

of the University of Barcelona (UB, Spain).

To perform this study, the number of ani-

mals was reduced to a minimum, according

to the “3Rs” (Replacement, Refinement and

Reduction of animals in research) as defined

by Kilkenny et al. (2010). Thus, six adult bea-

gle dogs, weighing an average of 11.5 kg,

were selected and installed in the animal

experimentation service facility of Bellvitge’s

Health Science Campus of the UB, under vet-

erinary control. The design of the study is

depicted in Fig. 1. All experiments were
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performed according to the Spanish Govern-

ment guide (Royal Decree 1201/2005 of Octo-

ber 10th, Spanish Official Gazette 252,

October 21st, 2005) and the European guide

(European Union Council Directive of

November 24th, 1986, 86/609/EEC) for ani-

mal use and care. Throughout the experimen-

tal study, all animals were fed with a soft

diet, and mechanical cleaning of teeth and

implants was performed daily.

Surgical procedure

All mandibular premolars were extracted

bilaterally (Fig. 2a,b). After a healing period of

3 months, three implants (9 mm length, Ø

4.0 mm; Biohorizons! Implant Systems Inc.,

Birmingham, AL, USA) with a soluble blasting

media (SBM) (sandblasting with soluble parti-

cles) surface were placed in each hemimandib-

ular premolar region, according to the protocol

suggested by the manufacturer (Biohorizons).

The implants were placed at 7 mm distance

from each other. A total of 36 implants were

placed (Fig. 2c). All surgical procedures were

performed by the same operator (C. M.). The

surgical approach occurred under general

anaesthesia and was supervised by a veterinary

surgeon. Once anaesthetized, buccal and lin-

gual full thickness flaps were reflected.

Implants placement procedure was carried out

according to the manufacturer’s instructions

and protocols, to ensure a standardized surgi-

cal procedure. For all implant installation,

insertion torque was stabilized at 40 Ncm.

Flaps were sutured using silk 4.0 interrupted

sutures and removed after 10 days. After sur-

gery, an intramuscular injection (prophylacti-

cally) of Terramycin 100! (Pfizer Laboratories,

Alcobendas, Madrid, Spain; 25 mg/kg) was

provided. The post-operative analgesia was

carried out by the administration of meloxicam

(Metamecam! injectable solution 5 mg/ml,

Rhein, Germany; 5 mg/20 kg/24 h). Finally,

dogs were sacrificed at time points: 0, 1, 2, 4, 6

and 8 weeks after implant installation, by

means of an overdose of sodium pentothal.

The mandibles were dissected and each

implant site was removed using a diamond

saw, so samples could be obtained and pre-

pared for histological analysis.

Resonance frequency measurements with
Osstell Mentor! device

Immediately after implant installation, ISQ

assessments of all implants were performed

according to the manufacturer’s instructions.

The SmartPeg! (type 1, Integration Diagnos-

tics AB, Gothemburg, Sweden) was directly

screwed into the implants inside thread. The

hand-held probe of Osstell Mentor! stimu-

lates the SmartPeg magnetically, without

being connected to it, and RFA was measured

(Fig. 2d). Measurements were taken twice

Fig. 1. Design of the study.

Table 1. Review of the literature on the correlation between ISQ and BIC measurements

Authors Experiment RFA device Correlation ISQ-BIC Correlation of RFA with other parameters

Meredith et al. (1997b) Rabbits (tibiae) Osstell! No Yes: EIL
Nkenke et al. (2003) Cadaver Osstell! Yes (buccal side) No: ITV

No: Bone mineral density
Gedrange et al. (2005) Cadaver Osstell! Yes No: Bone density (radiographic evaluation)
Schliephake et al. (2006) Dogs (mandible) Osstell! No No. ITV

No: BVD
Scarano et al. (2006) Clinical study Osstell! Yes
Huwiler et al. (2007) Clinical study Osstell! nd No: BVD

No: BTC
Zhou et al. (2008) Rabbits Osstell! Yes No. Bone scintigraphy
Ito et al. (2008) Mini-pigs (tibiae) Osstell! No
Abrahamsson et al. (2009) Dogs (mandible) Osstell! No No: Bone density

No: EIL
Jun et al. (2010) Cad!aver Osstell! Osstell Mentor! No No. ITV

No. PTV
Stadlinger et al. (2009 and 2012) Mini-pigs (mandible) Osstell! Yes Yes: BVD
Blanco et al. (2011) Rabbits (femur) Osstell Mentor! Yes
Abdel-Haq et al. (2011) Sheep (tibiae) Osstell Mentor! No
Antunes et al. (2013) Dogs (mandible) Osstell Mentor! Yes Yes: BA

EIL, effective implant length; ITV, insertion torque value; BVD, bone volume density; nd, not determined; BTC, bone trabecular connectivity; PTV, periotest
value; BA, bone area in threads.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 3 | Clin. Oral Impl. Res. 0, 2013 / 1–9
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with the hand-held probe in a direction

perpendicular to the mandibular crest. The

Osstell Mentor! device automatically trans-

formed the RFA value (in hertz) for each

assessment to ISQ units. Values between 1

and 100 were obtained, 100 being the highest

degree of stability. The healing following

implant installation was studied at 0, 1, 2, 4,

6 and 8 weeks, measuring implant stability

at each time point.

Finally, dogs were sacrificed at time points:

0, 1, 2, 4, 6 and 8 weeks after implant instal-

lation, so samples could be obtained and pre-

pared for histological analysis.

Preparation of samples

The biopsies were processed for ground sec-

tioning (Donath & Breuner 1982; Donath

1985). The implant-bone specimens were

fixed in 10% formaldehyde for 1 week and

dehydrated in an ascending series of alcohol

rinses before being embedded without decal-

cification in light-curing epoxy resin

(Technovit!, Exakt-Kultzer, Wahrheim,

Germany). Blocks were sectioned buccolingu-

aly with a diamond-edge band saw blade

(Exakt micro-parallel-grinding System!, Ex-

akt, Nordenstedt, Germany), and then ground

and polished with 1200 and 4000 grain sand-

paper to obtain a polished surface. For each

implant, one section at each half longitudi-

nally axis (buccal-lingual) was prepared. The

blocks were coated with evaporated carbon

and fixed with colloidal silver; four silver

tracks were directed to the region of interest

in order to improve the conductivity of the

specimen (Franch et al. 2000).

Histomorphometric analysis

Sample observation and BIC measurements

were performed as described previously (Man-

resa et al. 2013) by BS-SEM (S-360; Leica,

Cambridge, UK), at the Scientific and Tech-

nological Centers of the UB, acquiring 10–16

images per sample. Image processing and BIC

determination was performed using the Fiji

image processing package (http://pacific.

mpi-cbg.de/). Images were stitched (Preibisch

et al. 2009), filtered and thresholded to obtain

a binary image of the whole implant that

finally was dilated and outlined. The length

of this outline was measured as the maxi-

mum possible BIC. In the present study, the

measurements were performed along the

total length of the implants, buccal and lin-

gual. The regions of coincidence between this

line and the bone were measured as the real

BIC. The percentage of BIC was calculated by

dividing the real BIC by the maximum possi-

ble BIC and multiplying by 100.

Statistical analysis

Data obtained from each section in the histo-

logical analyses and from each implant in the

RFA were coalesced, and mean values were

calculated for each healing time. Degree of

osseointegration (BIC%) was compared with

the ISQ values for the corresponding implant

sites using the Spearman correlation coeffi-

cients. In the correlation analysis, the

implant was used as the statistical unit

(N = 36). Statistical analysis was performed

with SPSS 15.0 for Windows (SPSS Inc.,

Chicago, IL, USA).

Results

Good primary stability was achieved for all

implants after installation. Healing was

uneventful in all the 36 implant sites, and no

implant exhibited clinical mobility at any

time point.

ISQ values

At the time of implant installation, the ISQ

mean values (Fig. 3; Table 2) were 80.91.

From day 0 to 1 week, a small decrease in

the RFA value was observed (79.75). The ISQ

value increased from week 1 to week 2

(81.17). From week 2 to week 4, the RFA val-

ues remained stable (81.58), and then rose to

83.75 at week 6. Finally, after 8 weeks, a

small decrease in ISQ data was noticed, the

mean value being 81.08, very close to the ini-

tial value.

Histomorphometrical measurements (BIC%)

The results of the histological analysis of the

ground sections are depicted in Fig. 4 and

Table 3. Considering the mean values for

each time point, BIC% amounted to 24.70%

immediately following implant installation.

After 1 week of healing, the BIC% decreased

to 23.70 and then to 22.90% at week 2. From

week 2 to week 6, the BIC% gradually

increased, being 36.20 and 33.0, respectively,

at 4 and 6, weeks. Finally, at week 8, the BIC

% value was established as 45.50%. Fig. 5

shows the progression of bone-to-implant

contact along time. Although only one spire

is represented for each sample, the BIC mea-

surement was carried out along the total

length of the implant. Images corresponding

to the earliest periods, from time 0 to week

2, showed that the calcified tissues around

the implant were immature and surrounded

by vascular spaces (Fig. 5a–c). Images at the

4th week showed a higher level of contact

between the implant and a denser osseous

structure with fewer and smaller vascular

spaces and more mature bone tissue (Fig. 5d).

At weeks 6 and 8, the increase in the BIC%

was in parallel with the increase in maturity

of the osseous tissue that gradually sur-

rounded the implant surface (Fig. 5e,f).

ISQ and BIC correlation

Differences in BIC% were not reflected in

the RFA during the 8-week monitoring per-

iod. There was no statistically significant

(a) (b)

(c) (d)

Fig. 2. Premolar extraction (a and b); Implant placement after 3 months of healing (c); Assessment of ISQ values (d).
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correlation between RFA and BIC values

(Spearman correlation coefficient = "0.083

Fig. 6).

Discussion

Resonance frequency analysis is believed to

be a potentially useful clinical tool for the

prevention, diagnosis and prediction of

implant failure and is helpful in the mainte-

nance of viable implants (Meredith 1998a;

Huang et al. 2002; Glauser et al. 2004;

Sj€ostr€om et al. 2005; Zix et al. 2008). How-

ever, the validity of this rather new tech-

nique still has to be determined by

correlating the results with other methods

that assess the supportive character of an

implant site, such as mechanical testing,

radiological examination and, finally, histo-

metric analysis.

Histological and histomorphometrical

assessment is the most accurate method of

observing morphological changes at the

implant–bone interface. It has been suggested

that RFA is related to the stiffness of the

implant in the surrounding tissues (Meredith

et al. 1996, 1997a,b). The stiffness of the

implant–bone unit that is supposed to be

assessed by RFA may be affected by the

thickness of the bone layer on the implant

surface and the density of the peri-implant

bone. Hence, an increased bone–implant con-

tact is supposed to result in higher structure

stiffness and would increase interfacial

strength (Gedrange et al. 2005; Sennerby

et al. 2005). Different results on a possible

relationship between RFA and BIC have been

reported. The literature in this area is contro-

versial and, without being exhaustive, some

representative examples of studies on posi-

tive and negative correlations between RFA

and histomorphometrical parameters, in clin-

ical and experimental settings, are summa-

rized in Table 1 and described below.

Five clinical studies on the correlation

between RFA and histomorphometrical

parameters, three in cadavers and two in

patients, have been published with different

outcomes. A study on human cadavers

(Nkenke et al. 2003) found a weak correlation

between BIC% at the buccal aspect of the

implant and ISQ, but not on the lingual side.

The study could not confirm any correlation

between ISQ values and peak insertion torque

data, nor between ISQ values and bone min-

eral density. A second study in cadavers per-

formed by Gedrange et al. (2005) for the

determination of the primary stability of

orthodontic palatal implants stated a relation-

ship between RF and BIC. Both Nkenke et al.

Fig. 3. Diagram of the Implant Stability Quotient (ISQ values) obtained with the Osstell Mentor! device from day

0 to week 8. Standard deviation (SD) shown in dashed lines.

Table 2. Implant stability quotient (ISQ values) for all RF assessment

Time (weeks)

ISQ values – Osstell Mentor!

Mean SD Q25 Median Q75

0 80.91 3.26 80.25 81.50 83.13
1 79.75 4.92 75.62 79.75 84.25
2 81.17 3.37 81.00 81.50 82.75
4 81.58 5.96 83.13 83.75 84.38
6 83.75 2.19 82.88 84.50 85.00
8 81.08 2.94 80.25 81.50 82.75

SD, standard deviation; Q25, quartile 1 (25%); Q75, quartile 3 (75%).

Fig. 4. Diagram of the degree (mean values) of osseointegration [bone-to-implant contact (BIC%)] from day 0 to

week 8. Values obtained with backscattering scanner electron microscopy (BS-SEM). Standard deviation (SD) shown

in dashed lines.
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(2003) and Gedrange et al. (2005) found a posi-

tive correlation between the height of the cres-

tal cortical bone and ISQ. An experiment in

three human cadavers to evaluate the initial

stability parameters (insertion torque value,

ISQ and Periotest value) of implants inserted

just after tooth extraction and to examine the

relationship between initial stability parame-

ters and BIC was undertaken by Jun et al.

(2010). The initial stability parameters showed

statistically significant correlation between

each other, but no correlation was found

between BIC and the initial stability parame-

ters. In one of the two studies on patients, a

statistically significant correlation has been

reported (Scarano et al. 2006) between ISQ and

BIC in a retrospective histological and

histomorphometrical study of seven titanium

implants retrieved from humans. However, no

significant correlation was found between

BVD or bone trabecular connectivity (BTC)

measurements and ISQ values in a study on

humans jawbone characteristics (Huwiler

et al. 2007). Curiously, in this study, no

predictive value for loosing implant stability

was given to RFA, because the decrease in the

value occurred after the fact.

Several animal experiments have been

reported, also with different outcomes. A

study in rabbits (Meredith et al. 1997b) failed

to find a correlation between the degree of BIC

and RFA measurements, although a strong

correlation was observed between RF values

and the EIL. Schliephake et al. (2006) could

not find any correlation between BIC% and

ISQ values of 80 implants in 10 foxhounds

after healing periods of 1 or 3 months. In a

study, (Zhou et al. 2008) using two methods

(bone scintigraphy and RFA) to evaluate the

osseointegration ability in 30 rabbits, it was

found that bone scintigraphy was more sensi-

tive to the change of peri-implant bone than

the digital radiographic examination, but it

did not correlate with histomorphometrical

data (BIC). However, it was found that RFA

increased with the bone-to-implant contact

during the healing phase and correlated with

the histomorphometrical data. Ito et al. (2008)

performed an experiment where 24 implants

placed in the tibia of four mini-pigs were anal-

ysed with RF and histology after 1, 2 and

4 weeks. Although the correlation between RF

and BIC, which was measured all around the

implant, was not significant (r = 0.221), the

correlation coefficient increased (r = 0.361)

when BIC was measured at the neck of the

implant. The study conducted by Abrahams-

son et al. (2009) to evaluate the relationship

between BIC and ISQ values during a 12-week

healing period, in a beagle animal model

experiment, did not find any correlation

between the two parameters. Also, no correla-

tion was found in the same experiment

between ISQ values and bone density. How-

ever, studying the influence on early osseoin-

tegration of dental implants installed in

rabbits with two different drilling protocols,

Blanco et al. (2011) did find a positive correla-

tion between the increase in ISQ values and

BIC. On the other hand, in an experimental

pilot study in sheep, aimed at comparing the

early-term osseointegration characteristics of

standard (SLA) and modified sand-blasted and

acid-etched (modSLA) implants, no correlation

was found between RFA and BIC (Abdel-Haq

et al. 2011). A weak correlation between RFA

and BIC was observed by Stadlinger et al.

(2009 and 2012) using experimental coated

(collagen and glycosaminoglycans) implants

placed in the mandibles of 20 mini-pigs.

Finally, a study conducted by Antunes et al.

(2013) showed correlation between RFA versus

BIC using deproteinized bovine bone mineral

as grafting material to promote osseointegra-

tion and stability in implants placed in dog

mandible bone defects.

In the current experiment, the correlation

between RFA and BIC was investigated during

healing periods of up to 8 weeks. RFA analysis

was performed with an Osstell Mentor! mag-

netic device. A new standardized non-subjec-

tive and highly discriminative method was

used for the determination of BIC data, based

on BS-SEM images (Manresa et al. 2013).

(a) (b) (c)

(d) (e) (f)

Fig. 5. Progression of bone-to-implant contact. Detail of six spires at 0 (a), 1 (b), 2 (c), 4 (d), 6 (e) and 8 (f) weeks,

respectively. Implants are shown in white, bone in greys and the line where BIC was measured is coloured blue.

The thickness of the line has been enlarged for imaging purposes. Note how the blue line increases the overlap with

bone along time due to the increase in the bone filling up the spire. All images are at the same scale.

Table 3. Bone-to-implant contact percentage (BIC%)

Time (weeks)

BIC% (BS-SEM)

Mean SD Q25 Median Q75

0 24.69 11.64 19.52 22.31 33.80
1 23.66 4.78 19.66 23.37 27.15
2 22.85 7.43 21.60 25.84 27.61
4 36.16 11.54 26.27 34.18 46.81
6 32.97 16.52 21.02 29.99 40.91
8 45.51 17.16 38.11 44.29 58.28

SD, standard deviation; BS-SEM, Backscattered scanning electron microscopy; Q25, quartile 1 (25%);
Q75, quartile 3 (75%).
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Implants with a SBM (sandblasting with solu-

ble particles) surface was used in this experi-

ment because the evidence from

histomorphometrical data and clinical studies

suggests that rough implant surfaces exert a

clinically significant influence on faster osseo-

integration (Cochran et al. 1998; Berglundh

et al. 2003; Abrahamsson et al. 2004; Buser

et al. 2004; Tavares et al. 2007). Implant sur-

face parameters are supposed to stimulate the

bone cell reaction, resulting in an enhanced

healing response and improved BIC.

Resonance frequency values as assessed by

the Osstell Mentor! device are depicted in

Fig. 3 and Table 2. The analysis of the data

revealed a similar evolution of the ISQ values

to that reported in previous animal experi-

ments (Glauser et al. 2004; Al-Nawas et al.

2006) and clinical studies on patients (Nedir

et al. 2004; Balshi et al. 2005; Boronat-L!opez

et al. 2006; Huwiler et al. 2007). At implant

installation, the ISQ was 80.91 (medium

data), decreasing the first week of healing to

79.75. This was followed by a period (from

week 2 to 6) of increasing values. And at

week eight, the ISQ had almost returned to

the initial value (81.08).

Bone-to-implant contact measurement val-

ues obtained by the BS-SEM methodology are

depicted in Fig. 4 and Table 3. The results

obtained with this methodology of image

acquisition, processing and analysis showed

an evolution along time very similar to that

obtained by other authors in comparable

studies (Klongnoi et al. 2006; Tavares et al.

2007; Abrahamsson et al. 2009; Ballo et al.

2009; Calvo-Guirado et al. 2011; Santis

et al. 2011).

The analysis of the data revealed that only

minor changes of RF values (ISQ) occurred

during healing periods of up to 8 weeks.

However, the BIC% (mean values) experi-

mented a small decrease until week 2, after

which it increased significantly until the last

evaluated period (week 8). In the present

study, we did not find a positive correlation

between the increase in ISQ values and BIC

(Spearman correlation coefficient = "0.083,

Fig. 6). However, given that there is just one

dog for healing period, this study could be

considered as mainly descriptive in nature.

Our results parallel previous findings of the

above studies, which also failed to correlate

RFA with histomorphometrical parameters

(Schliephake et al. 2006; Ito et al. 2008; Zhou

et al. 2008; Abrahamsson et al. 2009; Jun

et al. 2010; Abdel-Haq et al. 2011).

In several clinical studies (Friberg et al.

1999; Becker et al. 2005), it has been stated

that all implants, irrespective of their initial

stability, tend to reach a similar level of stabil-

ity. These results are supported by another

study in rabbits (Andersson et al. 2008) which

found that implants in soft bone with low pri-

mary stability showed a marked increase in

stability compared with implants in dense

bone. On the other hand, in the rabbit experi-

ment by Meredith et al. (1997b), RF increased

with time as a function of an increased stiff-

ness, resulting from new bone formation and

remodelling. Taking these observations into

account, an explanation of the lack of correla-

tion between BIC and RFA measurements,

both in our experiment and others with simi-

lar outcomes, could be that the degree of bone

contact does not necessarily reflect the

stiffness of the surrounding bone. In fact, in

moderately rough implants, as used in this

study (SBM, sandblasting soluble particles),

their surface is often covered by a thin layer of

bone, which is probably not determinant for

the biomechanical support of implants.

According to Ito et al. (2008), RFA with Oss-

tell! measures stiffness, which is a combina-

tion of bone–implant contact and bone density

around the implant. Considering this point, it

is not surprising that RF does not correspond

with histological implant–bone contact.

On the other hand, it has been hypothe-

sized that the inconsistency in the previously

reported correlation between ISQ and BIC

could be due to the fact that implant stability

and BIC% were measured after several weeks

or even months of osseointegration, when

the interface in the BIC area may become

completely bounded. This is because in some

studies, the initial stability of implants,

which is crucial to the osseointegration abil-

ity, was not assessed (Huang et al. 2012).

Very recently, Hsu et al. (2013) found in

artificial bone studies (Huang et al. 2012)

that the initial implant stability as measured

by RFA was strongly positively correlated

with the 3-dimensional 3D BIC% assessed by

high-resolution microcomputed tomography.

Taking into account that this correlation was

not found using the 2D BIC%, the authors

stated that 3D BIC% should be more repre-

sentative than the 2D BIC%, as only one or a

few histological sections from 2D BIC, can-

not represent the entire 3D BIC between the

implant and bone (Ito et al. 2008; Liu et al.

2012). However, these studies are of limited

value due to the use of synthetic bone mod-

els to mimic the advanced cellular structure

of bone. As real bone may exhibit more com-

plex biological properties than the synthetic

bone, more research needs to be carried out

to dilucidate how primary implant stability

is affected by the 3D BIC%.

Conclusions

The present experiment in beagle dog mandi-

ble failed to identify correlations between the

histomorphometrical parameter of osseointe-

gration BIC and ISQ values. This finding of

an absence of relationship between these two

parameters is in agreement with several

previous studies in human and experimental

animals.
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