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Purpose: To investigate the parameters that affect primary stability of dental implants, to determine how
primary stability influences posthealing stability, and to ascertain the effect of primary stability and
insertion parameters on marginal bone loss. Materials and Methods: A total of 940 immediately loaded
implants were considered. Using resonance frequency analysis, primary stability (primary implant stability quotient [pISQ]) and stability after 4 months (tISQ) were recorded. When the differences between
pISQ and tISQ exceeded 5 units, marginal bone loss was measured. The implants were placed into three
groups based on their primary stability: high (pISQ > 72), moderate, and low (pISQ < 68). Changes in stability after 4 months of loading were evaluated. The relationships between pISQ, insertion parameters,
⌬ISQ (ie, tISQ – pISQ), and marginal bone loss were analyzed. The Student t test, one-way analysis of
variance, and Spearman nonparametric correlation coefficient were employed for statistical evaluation.
Results: Of the 940 implants, tISQ was recorded in 526 implants and marginal bone loss was measured
in 76 implants. There was no statistical relationship between pISQ and insertion torque. Primary stability
was influenced by implant diameter but not by implant length. There was a significant relationship
between implant insertion torque and bone type. The low primary stability group showed a significant
increase in stability during healing. However, high primary stability implants demonstrated a significant
reduction in their stability. The linear regression analysis demonstrated that at a pISQ of 69.2, tISQ
value would equal pISQ value. Correlations between marginal bone loss and final insertion torque and
between marginal bone loss and ⌬ISQ values were observed. Conclusions: Stability of immediately
loaded implants with high pISQ decreased significantly during the initial 4 months of healing. However,
stability of implants with low primary stability increased significantly. ⌬ISQ and insertion torque showed
correlation with marginal bone loss. INT J ORAL MAXILLOFAC IMPLANTS 2010;25:1085–1092
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ental implant stability is a measure of the anchorage quality of an implant in the alveolar bone
and is considered to be the consequential parameter
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in implant dentistry. Implant stability has been confirmed to affect the process of osseointegration, the
pattern of implant loading, and, finally, the success of
an implant.1 Stability of an implant can be classified
into that measured immediately after implantation
(ie, primary stability) and that seen posthealing (ie,
secondary stability). Primary implant stability has
been proven to be a mechanical phenomenon.2 On
the other hand, secondary stability occurs through a
cascade of biologic events, such as bone regeneration and remodeling at the bone-implant interface.2
It is influenced by many factors, including implant
surface topography, bone quality, and patient behavior. 3 Earlier investigation showed that during the
healing process, mechanical anchorage of the
implant in the bone weakens; conversely, biologic stability of the implant increases.4
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Several methods have been proposed to determine
implant stability in clinical practice. Among these, resonance frequency analysis (RFA) has been found to be
the most accurate.5 Meredith et al introduced RFA into
implant dentistry in the 1990s. Since then, it has
become a widely accepted and used technique.6 The
only commercially available device based on RFA is
Osstell (Integration Diagnostics). It has lately been modified and upgraded in the Osstell Mentor device. The
function of this instrument is to measure resonance frequency, which is automatically transformed into an
implant stability quotient (ISQ) ranging from 0 to 100.5
The absolute RFA values are not completely
dependent on the quality of osseointegration. There
are three important factors that can directly influence
RFA: the stiffness of the implant-bone interface, the
stiffness of the bone itself, and the stiffness of the
implant components.6–8 Consequently, the clinically
measurable characteristic of implant stability can be
compared in the follow-up of each individual
implant, but caution should be exerted in comparing
these values among different implants, either in the
same patient or interindividually.9
Previous longitudinal studies have indicated that
implant stability changes during the process of
osseointegration. Typically, implant stability is anticipated to decrease during the early weeks of healing;
this is followed by an increase in stability.5,7,10 This is
related to the biologic reaction of the bone to surgical
trauma. During the initial bone remodeling phase,
bone and necrotic material are resorbed by osteoclastic activity, which is reflected by a reduction in the ISQ
value. This process is followed by new bone apposition initiated by osteoblastic activity, ie, adaptive bone
remodeling around the implant.3,11 There is a lack of
agreement among investigators regarding the exact
timing of the greatest decrease in postinsertion stability of an implant; the recorded data range between
the third and eighth weeks following implant placement. 3,4,12–16 Some studies did not observe any
decline in stability during the healing phase.17,18 The
reason for these differences in results may have to do
with variations in the designs of the implants
employed, especially variations in surface properties.8,19 Time dependence of implant stability without
the initial decline was observed in association with
fast increases in bone-implant contact, which is typical
for fluoride-treated or alkali-treated (and thus potentially bioactive) surfaces.18,20 An accelerated formation
of bone-to-implant contact contributes to a faster
increase in secondary stability. This biologic process
eliminates the decrease in primary stability and
ensures consistency of stability over time (without the
drop during the healing period).18 There is a limited
amount of documentation about the relationship

between primary and secondary stability. Sennerby
and Meredith8 confirmed that implants of many types
would, over time, approach a similar level of secondary stability. He also denoted that consistent
attainment of an ISQ value of 65 to 75 seems to correspond to Brånemark implants and an ISQ value of 55
to 65 was seen for Straumann implants.8
Hence, it was the intent of this retrospective clinical
study to further elucidate some aspects related to the
stability of immediately loaded implants under relatively uniform clinical conditions in the interforaminal
region of the mandible. The objectives of the present
study were (1) to investigate how primary stability
influences posthealing stability, (2) to determine the
parameters that can affect primary stability of dental
implants, and (3) to ascertain the effect of primary stability and insertion parameters on marginal bone loss.

MATERIALS AND METHODS
Surgical Procedure and
Measurement of Implant Stability
In this study, consecutively placed implants in the
interforaminal region of the mandible, which were
designed for the immediate loading concept “Teeth in
6 Hours,” were considered. This concept is based on
the insertion of five implants in the region between
the first premolars, which are then immediately
loaded by a provisional cantilevered prosthesis fabricated from an existing mandibular removable complete denture and attached to the abutments by
means of titanium impression copings. All surgical
procedures were performed between October 2004
and January 2008 at The Center for Dental Implantology, University Hospital, Hradec Kralove, Czech
Republic. The local ethical committee officially
approved the design of this study. All the patients
were informed about the nature of the study, and
their participation and written consent were obtained
according to the Helsinki Declaration of 1994.
All included patients needed a fixed full-arch prosthesis supported by dental implants for their edentulous mandible. Patients were included based upon a
current stable medical condition and the ability to
withstand the stress of dental implant surgery.
Patients with metabolic bone disease, unstable systemic conditions (eg, uncontrolled diabetes or
untreated hypothyroidism), and smokers of more than
five cigarettes a day were excluded. All surgical procedures were performed under local anesthesia in a
sterile hospital setting. Amoxicillin clavulanate (1 g
orally twice per day) was prescribed for 6 days; an initial dose (2 g) was administered 1 hour before surgery.
All implants were inserted into healed extraction
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sockets. After a mucoperiosteal flap was raised, both
mental nerves were isolated and the alveolar crest
was contoured as required. Then five self-drilling,
screw-form implants with sandblasted, acid-treated,
and alkali-treated surfaces (STI-BIO-C, Lasak) were
inserted at regular intervals into the interforaminal
region according to the manufacturer’s protocol. The
final insertion torque of the implants was measured
using a torque wrench. The type of bone was classified
using Lekholm and Zarb criteria on the basis of the
subjective evaluation of the surgeon.21
Primary stability (pISQ) of each implant was measured using an Osstell device. Two experienced surgeons conducted measurements independently. The
transducer was secured at the implant level perpendicular to the long axis of the alveolar bone. Measurements were repeated until the same value was
measured twice in succession, and this value was
recorded. Following this, the abutments were
attached and the wound was sutured. Tiaprofenic
acid (300 mg) was recommended three times a day
for pain relief. An abutment-level impression was
immediately made with additional silicone material
(Aquasil Rigid and Aquasil Ultra LV, Dentsply Caulk)
with a modified preformed plastic impression tray. A
cantilevered fixed screw-retained provisional prosthesis was fabricated that extended to the second
premolars. The prosthesis was delivered and fully
functionally loaded. Oral hygiene instructions were
given and the patients were scheduled for regular
recall appointments.
The impression for the definitive prosthesis was
made after 4 months of healing. For those patients for
whom an impression was made in September 2006
or later, the measurement with the Osstell device was
repeated for each implant. The measured values were
recorded and denoted as tISQ. After confirming passive fit of the construction and correcting the occlusion, a definitive cantilevered prosthesis that
extended to both first molars was fabricated and
delivered within 2 weeks after taking the impression.
A digital panoramic radiograph (Planmeca ProMax)
was obtained immediately after fixation of the definitive prosthesis according to the manufacturer’s recommendation and was done by the same technician.

Measurement of Marginal Bone Loss
Marginal bone loss was determined at all implants at
which the absolute value of the difference between
pISQ and tISQ exceeded 5 units. The measurement of
bone loss was conducted independently by the two
surgeons on the patient’s digital panoramic radiographs. On the radiograph, bone levels were measured from the implant-abutment interface to the first
visible bone-implant contact. The implant-abutment

IA

BI

1 mm

Fig 1 Method used to measure marginal
bone level. First visible bone-implant contact
(BI) was measured relative to the reference
point at the implant-abutment interface (IA).
The distance between the thread peaks is
1.0 mm and served as a known standard.

interface was used as a reference point, because the
implants were normally placed with the implantabutment connection at the level of the alveolar crest
(Fig 1). The distance between the thread peaks
(1.0 mm) served as a known standard to calculate the
exact bone loss on the mesial and distal sides of the
implants. These measurements were rounded to the
nearest 0.1 mm. With these data, the mean marginal
bone resorption was determined for each implant.
However, if the radiograph did not clearly reproduce
the exact bone level, the implant was excluded from
the cohort.

Statistical Analysis
The difference between posthealing stability (after 4
months of loading) and primary stability (tISQ – pISQ)
was denoted as ⌬ISQ. The linear regression line, calculated from the plot of ⌬ISQ versus pISQ, was used to
determine a pISQ value at which ⌬ISQ attains a value
of zero. With respect to this value and to the unpublished results of a previous investigation, the implants
were further divided into three study groups: those
with low primary stability (pISQ < 68), those with
moderate primary stability (pISQ 68 to72), and those
with high primary stability (pISQ > 72). Statistical
analysis was employed to verify the main working
hypothesis that the immediately loaded implants with
higher primary stability would lose some of their stability during healing, whereas the implants with lower
primary stability would gain stability during healing.
The International Journal of Oral & Maxillofacial Implants 1087
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Fig 2 Final torque (Ncm).

Fig 3 Primary stability (in ISQ) of the implants.

In addition, the dependence of marginal bone loss
on pISQ, on final torque, and on ⌬ISQ was evaluated.
Additional working hypotheses were that pISQ, similar to the final torque, is positively correlated with
marginal bone loss, while ⌬ISQ is negatively correlated with marginal bone loss.
Statistical analysis was carried out using Statistica
software (Statsoft Inc). The Student t test, one-way
analysis of variance, and Spearman nonparametric
correlation coefficient were employed to test the
hypotheses. The statistical significance of all tests was
defined as P < .05.

pISQ 61 to 79) failed to osseointegrate (two implants
in one patient and one implant each in four other
patients). The osseointegration rate was therefore
99.3%.
The distribution of the final torque of implants is
shown in Fig 2. The mean final insertion torque for
the implants was 60.2 ± 12.0 Ncm (65.7 ± 7.2 Ncm for
type 1 bone, 61.9 ± 10.3 Ncm for type 2 bone, 52.3 ±
14.6 Ncm for type 3 bone, and 30.0 ± 0.0 Ncm for type
4 bone). Statistical comparison of implant insertion
torque versus bone type at the site of implantation
showed a highly significant relationship (P < .001;
between type 3 and type 4 bone, P < .05). No significant correlation between the final torque and implant
diameter was found (61.4 ± 11.4 Ncm for 3.7-mmdiameter implants, 60.8 ± 11.9 Ncm for 5.0-mmdiameter implants).
Figure 3 shows the distribution of pISQ among the
surveyed implants. The recorded mean pISQ value
was 72.2 ± 5.0. The mean pISQ values for each bone
type were of 72.4 ± 4.9 for type 1 bone, 71.8 ± 4.9 for
type 2 bone, 72.7 ± 5.1 for type 3 bone, and 71.3 ± 2.5
for type 4 bone. There was no significant difference
among groups, except for a marginally significant difference between type 2 and type 3 bone (P = .03).
Furthermore, statistical analysis disproved the dependence of pISQ on implant length: mean values for
pISQ were 70.8 ± 6.1, 73.4 ± 5.3, 72.0 ± 4.4, 72.2 ± 5.0,
and 71.9 ± 4.6 for implants with lengths of 10, 12, 14,
16, and 18 mm, respectively. However, the primary
stability of 5.0-mm-diameter implants was significantly higher than that of 3.7-mm-diameter implants
(pISQ 75.1 ± 5.2 versus 72.1 ± 4.9, respectively;

RESULTS
A total of 940 dental implants placed in 188 patients
(84 men and 104 women; mean age 54.3 ± 9.4 years)
was initially considered for this investigation. However, Osstell measurements showed an invalid Bode
diagram for 22 implants, and these implants were
therefore excluded from the cohort. Thus, the remaining 918 implants were considered for statistical analysis. The majority (97.2%) of implants were 3.7 mm in
diameter, whereas only 2.8% of implants were 5.0
mm in diameter. A large majority of implants (82.2%)
were 16 mm long; 9.3% were 14 mm long, 3.8% were
12 mm long, 3.8% were 18 mm long, and 0.9% were
10 mm long. With regard to bone type, 37.5% of
implants were placed in type 1 bone, 40.4% were
placed in type 2 bone, 21.8% were placed in type 3
bone, and 0.3% were placed in type 4 bone. Of the
total number of implants placed, six implants (with
1088 Volume 25, Number 6, 2010
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Fig 4 Implant stability over time according to the level of primary
stability (see text). The decrease in ISQ for implants with high primary stability and the increase in ISQ for implants with low primary stability were highly significant (P < .001).
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Fig 5 Marginal bone loss versus final insertion torque (R = 0.27;
P < .05).
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Fig 6 Marginal bone loss versus change in stability (⌬ISQ)
(R = –0.27; P < .05).

Fig 7 Change in stability (⌬ISQ) versus primary stability (pISQ)
(R = –0.47; P < .01). The regression curve indicates that
⌬ISQ attains zero value at a pISQ of 69.2.

P < .01). No significant correlation was found between
pISQ and final torque (pISQ of 69.0 ± 5.9, 72.3 ± 3.7,
72.1 ± 5.1, 71.9 ± 4.9, and 72.5 ± 5.0 for a final torque
of ≤ 15, 16 to 35, 36 to 45, 46 to 60, and ≥ 60 Ncm,
respectively).
In this current study, the tISQ value was measured
for 526 implants. Among these, 100 belonged to the
low primary stability group, 189 to the moderate primary stability group, and 237 to the high primary stability group. An increase in stability was seen during
the healing period in the low primary stability group
(from 64.2 ± 2.8 ISQ to 66.8 ± 5.6; P < .001) (Fig 4). The
moderate primary stability group did not exhibit any
significant change in stability (from 70.3 ± 1.4 to 70.0 ±
5.4) (Fig 4). However, the high primary stability group
showed a decrease in stability during the healing
phase (from 75.9 ± 2.6 to 72.0 ± 5.0; P < .001) (Fig 4).

Marginal bone loss was measured for 76 implants
and had a mean of 0.9 ± 0.7 mm (range, –1.0 to
2.6 mm). The values measured on the mesial side of
the implant (0.9 ± 0.7 mm; range –0.9 to 2.9 mm) and
on the distal side (0.9 ± 0.7 mm; range –1.1 to 2.9 mm)
did not differ significantly.
A statistically significant relationship between primary stability and bone loss was not confirmed
(Spearman nonparametric correlation coefficient, R =
0.07). However, a positive correlation was found
between final torque and bone loss (R = 0.27; P < .05)
(Fig 5). In addition, negative correlations were also
found between ⌬ISQ and bone loss (R = –0.27; P < .05)
(Fig 6) and between pISQ and ⌬ISQ (R = –0.47; P < .01)
(Fig 7). Linear regression analysis indicated that ⌬ISQ
attains a value of zero at a pISQ of 69.2 (Fig 7).
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DISCUSSION
A 99.3% success rate of the implants confirmed that
immediate loading of splinted implants in the interforaminal region is a viable treatment alternative. Primary stability of the failed implants did not differ
significantly from that of implants that osseointegrated successfully. Measurement of RFA at the time of
implant placement is therefore incapable of predicting
implants with a prognosis of nonosseointegration, as
described elsewhere.22
The topic of primary stability is currently the subject of intense scientific interest. Several authors have
investigated the relationship between pISQ and other
parameters, particularly the final insertion torque.
Although a positive correlation between pISQ and
insertion torque may initially seem probable, many
authors have not found a significant relationship.23–27
The results of the present study are in agreement with
the aforementioned studies and do not support the
sporadic findings of contradictory results.28–31 However, it cannot be excluded that the discrepancies in
the results were affected by the design of the implant
or by local bone quality. As was also confirmed by the
present study, primary stability is influenced mainly by
implant diameter 30,32–36 and not by implant
length.7,30,36 This study demonstrated a highly significant relationship between final torque and bone type.
However, no statistical relationship was found
between final torque and implant diameter.
Several authors have studied the effect of primary
stability on the development of stability during healing. The recent investigation by Karl et al assumed a
general increase in stability during healing as a common phenomenon. This appears to be the somewhat
confused view of the authors. 34 A few groups of
authors have indicated that changes in stability during healing were mainly dependent on the initial stability level of an implant. In their 12-week clinical
study, Nedir et al22 found that ITI implants with a pISQ
< 60 exhibited an increase in stability, whereas
implants with a pISQ of 60 to 69 exhibited decreased
stability after 8 weeks. At the end of the 12th week,
the implants had returned to their initial stability values. Implants with pISQ values > 69 exhibited
decreased stability during the first 4 weeks, after
which they maintained consistent stability.22 In a similar longitudinal study, West and Oates37 employed
the same type of implants and divided them into two
groups (pISQ < 56 and pISQ > 56). During the first 16
weeks, implants from the first group continuously
maintained a lower ISQ versus implants from the second group. Thereafter, differences were statistically
insignificant. The stability of both groups remained at
a value of 61 ISQ.37 Similarly, in 1999, Friberg et al

stated that the stability of implants placed in softer
bone would “catch up” over time to implants placed
in denser bone.29 Balshi et al3 and Olsson et al38 came
to the conclusion that implants with high primary
stability lose part of their stability during healing,
whereas implants with low primary stability have a
tendency to increase their stability. The results of the
present study support this theory. A significant
increase in stability was recorded for the implants
with low primary stability (pISQ < 68), whereas the
implants with high primary stability (pISQ > 72) lost
some of their stability over time. This confirms the
main working hypothesis of the current investigation.
It could be further hypothesized that, in clinical
practice, it may be optimal to achieve a primary stability that corresponds to the final stability value of the
osseointegrated implant (ie, pISQ = tISQ; ⌬ISQ = 0).
In this study, this pISQ value was determined by linear
regression analysis to equal 69.2. This hypothetical
value is probably not generally valid but is more likely
specific to a particular implant system, surgical protocol, or bone type.8
An intraoral standardized radiograph is frequently
used for exact measurements of the amount of marginal bone loss. However, unfavorable anatomical
conditions frequently prevent the use of this radiographic technique in the interforaminal region of the
mandible, especially in patients with an atrophied
edentulous arch.33 Consequently, panoramic radiography has been used in similar studies by other
authors as an alternative.33,39–41 In the present study,
a noteworthy finding of bone gain was frequently
encountered at 4 months after implant placement.
Similar findings have been reported elsewhere.42 An
explanation may be found in the neck of the implant,
which has a miniature thread and a chemically modified surface with signs of bioactivity. Functional stimulation of the bone by immediate loading may also
play a role.43,44
Marginal bone loss was measured immediately
after fixation of the definitive prosthesis, approximately 5 months after insertion of the implant. Bone
loss could be caused by several factors, for example,
surgical trauma, inadequate fit of the provisional
restoration, or overloading of the implants. A detailed
analysis, however, exceeds the scope of this study. The
detected value of 0.9 ± 0.7 mm is acceptable.45 No relationship was found in this study between primary stability and marginal bone loss; thus, the first of the three
additional working hypotheses was not confirmed.
However, correlations were confirmed between
final torque and bone loss and between ⌬ISQ and
bone loss. Thus, the remaining two additional working
hypotheses were supported. Taking the essence of
these results and considering the fact that the final
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insertion torque did not correlate to primary stability,
it is possible to infer further that the use of extremely
high insertion torque should be avoided. On the other
hand, it is necessary to emphasize that the regression
analysis indicated a weak dependence between the
variables. Therefore it can be concluded that these relationships are affected by additional factors that were
not examined in the analyses. The aforementioned
analyses are pilot tests and require confirmation by
other studies. The validity of the conclusions, therefore, is limited by the use of panoramic radiographs
and by the selection of implants with a pronounced
change in ISQ values during the healing period.

CONCLUSIONS
Within the limitations of the present study, it was
seen that:
1. Primary stability was influenced by implant diameter and not by implant length. There was no significant relationship between primary stability and
final insertion torque.
2. Implants with low primary stability showed a significant increase in stability, while implants with
high primary stability showed a significantly
decreased stability over time. On the basis of linear
regression analysis, the change in implant stability
quotient attains a value of zero at a primary
implant stability quotient of 69.2.
3. A statistically insignificant relationship was found
between primary stability and marginal bone loss.
A positive correlation was confirmed between the
final insertion torque and marginal bone loss. A
negative correlation was confirmed between primary stability and change in stability during healing and between change in stability during
healing and marginal bone loss.
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