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P
rimary stability is a decisive fac-
tor for predicting dental implant
success. It is the result of

mechanical interaction between the
bone and implant walls, conditioned
by the discrepancy between the
implant diameter and the dimensions
of the recipient bone bed created by
the drilling sequence during the sur-
gical procedure. The factors influenc-
ing primary stability include bone
quality and volume, the final surgical
drilling diameter, and the percentage
initial bone-to-implant contact
(IBIC)dwhich must be sufficient to
avoid micromovements during the
osseointegration period. To secure
primary stability, the usual discrep-
ancy between the recipient bone and

major diameter of the standard plat-
form implant varies between 3% and
10%, which should allow insertion
torque values of over 35 N$cm under
normal bone quality and volume con-
ditions.1–3

However, interest in avoiding
degenerative gingival changes and
crestal bone loss following extraction
has led to modifications in the usual
waiting time for implant insertion, with
the adoption of immediate or early
insertion.4–9 Regardless of the treatment
option chosen, insertion of 3 to 5mm of

the implant apex into the remaining
bone below the apex of the tooth being
extracted is needed to secure sufficient
anchoring and the success of treatment.
It is therefore essential to use a careful
drilling protocol to ensure sufficient
discrepancy between the apical diame-
ter of the implant and the bone to secure
mechanical stability without excessive
compression of the bone walls.10

Campos et al11 histologically eval-
uated the effect of reducing the final
drilling diameter using 3.8, 3.5, and
3.2-mm drills with implants measuring
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Purpose: A biomechanical study
of the primary apical stability ob-
tained in tapered implants through
the reduction of final drilling dimen-
sions in different bone density models.

Material and Methods: An
in vitro study of maximum insertion
torque and primary stability based
on the resonance frequency analysis
(RFA) of 24 conical implants mea-
suring 13 mm in length and 3.75
and 4.20 mm in diameter, randomly
inserted in 10-mm sockets prepared
in 4 polyurethane blocks with a den-
sity of 15, 20, 30, and 40 pounds per
cu ft, respectively, reducing the
diameter of the final drill at constant
speed (400 rpm) to obtain exclusive
4 mm anchoring of the apical third
of each implant.

Results: The decrease in drilling
diameter resulted in an increase in
the insertion torque and implant
stability quotient (ISQ) values in all
implants, although without reaching
statistical significance. In turn, a sig-
nificant direct correlation was found
between increasing bone analog
block density and the insertion tor-
que and ISQ values.

Conclusions: Under the condi-
tions of this study, the primary apical
stability obtained may be more
dependent on bone density than on
reduction of the final drilling diame-
ter. (Implant Dent 2016;25:775–782)
Key Words: primary stability, bio-
mechanics, conical implants, reso-
nance frequency analysis, insertion
torque
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4 mm in diameter placed in animal
models, resulting in a consequent
increase in insertion torque. After 3
weeks, the authors concluded that
although the percentage IBIC was sim-
ilar in all 3 groups, an increased inser-
tion torque was associated to greater
compression necrosisdthis in turn re-
sulting in decreased stability during the
first weeks of healing. In contrast,
necrosis and bone remodeling were
seen to be minimal when lesser inser-
tion torque values were used. Further-
more, as a consequence of the lesser
insertion of implant spires in the bone,
the authors observed the formation of
a so-called “healing chamber” in which
bone neoformationwas faster and could
thus shorten the time needed to achieve
secondary stability.11 Based on these
studies, some implant designs have
incorporated the dual stability mecha-
nism concept, based on coronoapical

reduction of the discrepancy between
the final drill and the diameter of a coni-
cal implant with the purpose of securing
greater primary anchoring at the expense
of the upper two thirds of the implant,
whereas in the apical zone the lesser dif-
ference between the diameters and the
geometrical conformation of the spires
gives rise to healing chambers allowing
faster secondary stability.11,12

However, to ensure stability under
conditions of poor bone density, or
when anchoring only of the apical third
is intended, deliberate reduction of the
bone bed diameter has been proposed,
together with the adoption of an incom-
plete or undersized drilling protocol.13

This would result in increased discrep-
ancy between the implant and the recip-
ient bed in the apical zone, with
a consequent increase in insertion tor-
que that would not necessarily serve as
a predictor of treatment success.

Recently, González-Martin et al14

conducted a descriptive study involv-
ing cone beam computed tomography
to assess bone damage and response to
a 28% decrease in final drilling diame-
ter in conical implants. Although this
percentage decrease is not reproduc-
ible in all implant designs, increased
discrepancy was clearly seen to be
associated to greater initial bone com-
pressiondthus again suggesting that
greater insertion torque with excessive
compression results in microfractures
and damage to the periimplant bone.
However, Trisi et al15 found that
implant insertion with a torque of more
than 100 N$cm produces cortical bone
microfractures at crestal level, with
primary stability loss in the first 2
weeks that would be incompatible with
immediate loading. The above obser-
vations confirm that reduction of the
drilling diameter results in increased

Fig. 1. Lateral view of the sequence of (A) socket preparation with 6 3 10 mm drill, (B) drilling with 13 mm length with different diameter final
drill and (C) implant insertion, 1-mm subcrestal.
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insertion torque values, which in the-
ory could improve implant stability in
postextraction sockets. However, few
data are available on the drilling pro-
tocol modifications required to secure
initial mechanical stability or on the
effects on the recipient bone.

The introduction of resonance
frequency analysis (RFA) as a nonin-
vasive and effective method for mea-
suring implant stability complements
the usefulness of insertion torque as
a tool for measuring primary stability
in implantology.16–18 This widely used
technique has been found to predict
long-term implant success, and is very
useful for deciding the ideal timing of
loading in conventional implantology.
However, little is known of the predic-
tive capacity of RFA in immediate

implantology, or of how reduction of
drilling affects stability evaluated with
this technique.

On the basis of the above, the
authors ask themselves the following
questions:

1. Is an incomplete drilling protocol
needed to ensure initial mechani-
cal stability of implants placed
immediately after extraction?

2. If such a protocol is needed, what
would be the minimum sufficient
decrease in drilling to achieve api-
cal anchoring with mechanical
stability parameters similar to
those obtained with conventional
implant treatment?

3. What role does bone density play
in determining the decrease in

drilling as a method for increasing
primary stability?

The present study, set within the
research line “Biomechanics in os-
seointegrated implants,” describes the
stability parameters evaluated using
insertion torque and the implant
stability quotient (ISQ) obtained by
deliberately reducing the final drilling
diameter in different bone density mod-
els. At the same time, the study explores
the relationship between the increase in
torque and the resulting apical mechan-
ical stability obtained, with a view to
standardizing the drilling sequence in
immediate or early implant placement
and thus affording predictable results
capable of guaranteeing the success
of implant treatmentdparticularly in

Fig. 2. Drilling sequence model and implant/drill-size discrepancy with each apex diameter.
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esthetically demanding sectors of the
mouth.

MATERIAL AND METHODS

An in vitro study was conducted in
which one same calibrated operator ran-
domly inserted 24 Mis C1 implants
(MIS Implant Technologies, Ltd., Bar
Lev, Israel) measuring 13 mm in length
in 10-mm sockets prepared in 4 poly-
urethane blocks (Sawbones BTM;
Pacific Research Laboratories, Vashon
Island, WA) with a density of 15, 20,
30, and 40 pounds/cu ft (pcf), respec-
tively, reducing the diameter of the final
drill at constant speed (400 rpm) to
obtain exclusive 4 mm anchoring of
the apical third of each implant.

Study Sample
The study sample consisted of

24-grade 5 titanium (Ti 6Al 4V)
tapered implants with a rough sand
blasted and acid-etched surface pre-
senting a spiraled conical design with
a distance of 1.5 mm between spires
and an increase in the depth of the
thread in the direction toward the
apex. Twelve of the implants mea-
sured 4.2 mm in greater diameter in
the region of the neck and 3.6 mm
in minor diameter in the apical zone.

The remaining 12 implants measured
3.75 mm in greater diameter in the
region of the neck and 3.10 mm
in minor diameter in the apical zone.
The total length from the neck to the
apex was 13 mm, and all implants
corresponded to the standard plat-
form of the manufacturer, with a con-
ical connection design (Figure 1).

Methodology
The following variables were

recorded:

Final insertion torque. A Tohnichi
Model FTD200CN-S torque screw-
driver (Tohnichi; America Corp., Buf-
falo Grove, IL) was used to measure
the torque (in Newton centimeters)
required to insert the implant in its
indicated position.
Implant stability quotient. After
implant placement, the ISQ was deter-
mined based on RFA using an Osstell
ISQ device (SN 4669 Osstell AB,
Goteborg, Sweden), following the in-
structions of the manufacturer.

Preparation of the Recipient Sockets in
Bone Analog Blocks

AnMis Seven final conical implant
drill measuring 6 mm in diameter in the

cervical zone, 5.10 mm in diameter at
the apical level, and 10 mm in length
was used to perform 6 equidistant
perforations in each of the 4 polyure-
thane blocks and thus conform the 24
recipient sockets.

The drilling protocol in each socket
was as follows:

1. A rounded 1.9-mm drill at 1500
rpm;

2. A pilot drill measuring 10 mm in
length at 1200 rpm;

3. An Mis Seven 63 10 mm drill at
800 rpm.

Drilling Protocols
Six different drilling protocolswith

different percentage discrepancies
between the final drill and the implants
were used, based on the speeds recom-
mended by the manufacturer. The de-
tails of each sequence, the implant
dimensions, and the last drill are shown
in Figure 2.

Implant Insertion and
Stability Measurement

The implant was inserted manually
with the torque screwdriver until the
specified position was reached 1 mm
below the upper level of the bed in the
polyurethane block, taking as reference
the laser mark of the short insertion
wrench of the implant. The maximum
torque observed with the torque screw-
driver during the insertion procedure
was recorded.

Measurement of the Implant Stability
Quotient by RFA

A Smart Pegs type 49 model
100480 device was fitted to each
implant. The Osstell measurement
probe was positioned perpendicular to
the Smart Peg with a north-south orien-
tation for a first ISQ measurement, and

Table 1. Insertion Torque and Implant Stability by RFA by Implant Diameter

Variable N
Implant

Diameter (mm)
Mean

(m 6 SD)

Range

PLow High

Insertion
torque (N$cm)

12 3.75 43.08 6 34.00 5 120 0.931

12 4.20 40.92 6 37.91 3 120
24 Overall 42.00 6 35.24 3 120

RFA stability (ISQ) 12 3.75 37.41 6 13.93 19 56 0.786
12 4.20 39.16 6 15.47 11 59
24 Overall 38.29 6 14.42 11 59

A similar behavior was observed in all implant diameters evaluated. The mean values of insertion torque above 40 cm.N in all groups
evaluated; however, stability by RFA values were below the minimum 55 ISQ necessary to place the implants without risk of failure.

Table 2. Correlation Between the Researched Variables

Pearson Correlation

RFA Stability Drill-Size Discrepancy Bone Density

Pearson Significance Pearson Significance Pearson Significance

Insertion torque 0.877 0.000 0.262 0.216 0.889 0.000
RFA stability 1 0.169 0.431 0.939 0.000

Positive correlation was observed between bone density and values of insertion torque and RFA. This suggests that the higher the bone density the greater the insertion torque and the greater the RFA
values; regarding the discrepancy between the diameter of the drill and the implant diameter and despite the correlation between both remaining positive, there is no statistical evidence to confirm the
theory that the greater the discrepancy the greater the stability, especially in the RFA values obtained.
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then the axis was moved 90 degrees to
obtain a second measurement with an
east-west orientation. Themean of the 2
ISQ values of each implant was taken to
represent its stability quotient.

Statistical Analysis
The SPSS version 20.0 statistical

packagewasused for determiningdiffer-
ences between the study variables. The
Student t test was applied to assess the 2
implant diameters, whereas analysis of
variance was used to compare the values
obtained in each model and contrast the
drilling discrepancy and bone density
variables according to the recorded tor-
que and ISQ values. The Pearson corre-
lation coefficient was used to determine
the relationship between variables, with
a confidence level of 95%.

RESULTS

A total of 24 implants (12 measur-
ing 4.2 mm and 12 measuring 3.75 mm
in major diameter) were inserted with-
out complications in 4 polyurethane
blocks of different densities, according
to the study protocol. The mean inser-
tion torques and primary stability quo-
tients for each implant diameter and for
theoverall implants aregiven inTable1.
There were no statistically significant
differences between the 2 implant di-
ameters in relation to the study
variables.

The Pearson correlation coefficient
between variables showed a strong pos-
itive (+0.877) and statistically signifi-
cant correlation (P ¼ 0.000) between
the insertion torque and RFA-based

stability quotientsdthus confirming
that increased insertion torque is asso-
ciated with greater primary stability.
Likewise, a strong positive correlation
was found on assessing both torque and
ISQ with respect to bone density
(Table 2).

On examining the effect of reduc-
ing the drilling diameter, which
increased the percentage discrepancy
between the recipient bed and implant,
final drilling of the global Mis C1
implants (corresponding to discrepan-
cies of 2.8% and 3.2%, respectively)
was seen to generate a mean torque of
more than 20 N$cm. Likewise, as the
percentage discrepancy between the
drill and implant increased, the inser-
tion torque also increased, as confirmed
by the greatest mean insertion torque
(54.50 6 24.15 N$cm) recorded for
the highest discrepancy value. A posi-
tive correlation was found for this asso-
ciation (r¼+0.262), although statistical
significance was not reached (Table 3).

Although the torque values re-
corded in all the drilling protocols
exceeded the minimum predictability
values, RFA for each drilling protocol
showed that the ISQ values did not
exceed 39.75 on average. Likewise,
in relation to the variable torque, the
ISQ recorded with the Osstell device
increased slightly with increasing dis-
crepancies between the recipient bed
and implant, although without reaching
statistical significance (Table 3).

Four different polyurethane
blocks with densities in pounds per
cubic foot analog bone density classi-
fication receive 6 implants each. Eval-
uating the insertion torque values,
implant insertion in the 15 pcf block
analog to D4 bone was seen to yield
a torque of no greater than 10 N$cm
(mean, 6.506 3.01 N$cm). In the clin-
ical setting, this would not allow suc-
cessful implant insertion in maxillary
bone. On increasing the polyurethane
block densities to 20 and 30 pcf, analog
to D3 and D2 bone, the mean insertion
torque values were found to be 25.50
and 46.00 N$cm, respectivelydthese
values being clinically acceptable for
implant placement. Last, in the case
of the highest density studied (40
pcf), analog to D1 bone, the insertion
torque values even exceeded 100

Table 3. Insertion Torque and RFA Stability Values by Different Drill-Size Discrepancy

Variable N
Drill-Size

Discrepancies (%)
Mean

(m 6 SD)

Range

SignificanceLow High

Insertion torque
(N$cm)

4 2.80 26.75 6 19.80 3 45 0.966

4 3.20 34.75 6 25.95 5 65
4 8.30 43.50 6 46.17 4 110
4 9.60 40.00 6 30.86 7 80
4 16.60 52.50 6 47.87 10 120
4 22.50 54.50 6 48.31 10 120

RFA stability
(ISQ)

4 2.80 36.25 6 15.39 19 54 0.906

4 3.20 33.75 6 14.22 19 52
4 8.30 37.50 6 20.22 11 59
4 9.60 38.75 6 16.37 19 55
4 16.60 43.75 6 13.76 26 59
4 22.50 39.75 6 14.61 22 56

The values obtained show that the higher percentage of drill-implant discrepancy, a greater insertion torque is expected, however, the
similarities of the RFA values observed, suggests this increase of discrepancy does not necessarily imply a higher initial implant
stability.

Table 4. Insertion Torque and RFA Stability Values by Different Bone Density Blocks

Variable N
Bone Density

Blocks
Mean

(m 6 SD)

Range

SignificanceLow High

Insertion torque
(N$cm)

6 15 pcf (D4) 6.50 6 3.01 3 10 0.000

6 20 pcf (D3) 25.50 6 4.27 18 30
6 30 pcf (D2) 46.00 6 8.48 35 60
6 40 pcf (D1) 90.00 6 31.46 45 120

RFA stability (ISQ) 6 15 pcf (D4) 19.33 6 4.92 11 26 0.000
6 20 pcf (D3) 33.33 6 5.31 27 42
6 30 pcf (D2) 44.66 6 4.32 37 49
6 40 pcf (D1) 55.83 6 2.78 52 59

Low insertion torque and RFA values obtained in the 15 pcf bone block analog to D4 bone do not suppose that sufficient initial stability
for placement of immediate implants in this type of bone is obtained.
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N$cm (mean, 90.006 31.64 N$cm)d
the differences being statistically sig-
nificant (P ¼ 0.000).

On examining stability based on
RFA, a strong correlation was observed
between the increase in polyurethane
block density and the ISQ values (r ¼
+0.939). Similar considerations apply
to insertion torque, where implant
placement in the lowest density bone
(15 pcf) yielded amean ISQ of 19.336
4.92, which is clinically incompatible
with successful implant placement.
However, on increasing the density to
40 pcf, the mean ISQ was seen to reach
55.83 6 2.76. These differences were
statistically significant (P ¼ 0.000)
(Table 4).

DISCUSSION

Primary stability achieved at the
time of implant insertion is decisive for
treatment success, because implant
immobility is needed to satisfactorily
complete the osseointegration process.
In conventional implant placement,
stability is obtained thanks to IBIC over
the entire length and diameter of the
implant. However, in immediate or
early implant placement, the geometri-
cal differences between the implant and
the socket have led different authors to
postulate that anchoring of at least 3 to
5 mm of the apex of an implant
measuring 10 mm in length is
required.19–21 In the present study, the
implants were 13 mm in length and
were all inserted 1 mm below the upper
level of the 10-mm length socket fabri-
cated in the polyurethane blocks to
obtain 4-mm apex implant anchorage
reproducing the ideal minimum condi-
tions for immediate implant placement.

The measure most widely used to
assess primary stability is insertion
torque (in Newton centimeter). It is
well known from the work of Testori
et al22 that theminimum torque required
in conventional implant placement is 20
N$cm. However, Trisi et al,15 in an ani-
mal model, found torque values above
100N$cm to cause cortical bonemicro-
fractures that adversely affect primary
stability during the first weeks of bone
healing. Few data are found in the liter-
ature on the predictive usefulness of
insertion torque in immediate implants.

Atieh et al,23 in afinite elements study in
wide-diameter implants inserted in
molar sockets, recorded high stress val-
ues in the bone walls with an insertion
torque of 50N$cm ormoreda situation
that could result in periimplant bone
loss, which in turn would adversely
affect the stability and treatment suc-
cess.With the exception of the implants
placed in polyurethane bone analog
blocks with a density of 15 pcf (corre-
sponding to D4 type density bone), all
the insertion protocols in our study
exceed torque values of 20 N$cm
(mean, 42N$cm)dthus suggesting that
placement 4 mm above the apex suffi-
ces to secure implant immobilization.

Reduction of the final drilling
diameter during implant placement
has been proposed to increase insertion
torque under conditions of deficient
bone quality and/or volume, thanks to
the increase in friction between the
bone and the implant.13 The effect of
this decrease in drilling diameter has
been studied by Coelho et al12 in animal
models. The authors confirmed that an
increase in discrepancy between
implant diameter and recipient bone in-
creases the insertion torque. Values
more than 80 N$cm were obtained on
using the 3.2-mm drill diameter for
placing implants measuring 4.0 mm in
diameter. These values are similar to
those obtained in our study on placing
implants with percentage discrepancies
of 16% and 22% in the 40 pcf polyure-
thane block, which would correspond
to D1 density bone. However, the men-
tioned authors recorded loss of primary
stability during the healing period due
to bone necrosis secondary to overcom-
pression. This could be regarded as con-
traindicating reductions in drilling
diameter in D1 density bone even when
the implant is placed immediately after
extraction. Furthermore, in the above-
mentioned study, when drilling was
performed with less discrepancy and
the insertion torque values were
between 40 and 60 N$cm, an increase
in removal torque was observed after
3 weeks.11,12 In the present study, it is
important to note that use of the final
drill proposed in the drilling sequence
of the manufacturer yielded torque val-
ues between 26 and 34 N$cm, provided
insertion was made under density

conditions similar to those of D3 den-
sity bone or higherdthus confirming
predictability of use even under
conditions of immediate insertion with
conventional or delayed loading. Inser-
tion torque values between 40 and 43
N$cm were obtained on introducing
a minimum reduction of the drilling di-
mensions equivalent to 8% and 9%,
respectively, especially on placing the
implants in the block of density 30 pcf
(corresponding to D2 density bone).
Although no statistically significant dif-
ferences were recorded, this suggests
that to guarantee predictable stability
allowing early or immediate loading,
we should use a decrease in drilling
diameter corresponding to “no use of
the final drill” in the drilling sequence
of the manufacturer.

RFA has been proposed as an
effective tool for assessing primary
stability of the implant and for predicting
the timing of loading in conventional
implantology. A direct and proportional
relationshipbetween the insertion torque
and ISQ has been reported by different
authors.11,13,16,18,24,25 These observations
are supported by the present study,
where significant Pearson correlation
coefficients were found between these
2 variables on inserting implants mea-
suring 13 mm in length in prefabri-
cated sockets with only 4 mm apical
anchoring. In an experimental study
using the same density polyurethane
blocks from the same manufacturer
but with conventional drilling proto-
cols, Kim et al26 demonstrated the val-
idity of these working models for
assessing implant stability with RFA.
The values obtained on inserting 10
and 13 mm implants in different bone
densities indicate that bone density and
the length of the inserted implant influ-
ence the stability parameters. The dis-
tance between the highest point of
bone contact and the implant platform
appears to be decisive in evaluations
using RFA.27 Confirmation of these re-
sults is provided by the values obtained
by Turkyilmaz et al,25 on comparing
11-mm implants inserted in postex-
traction sockets in fresh bone of cadav-
ers with different vertical defect
heights. It is true that the mean ISQ of
34 6 14 obtained in this study could
suggest that there is no guarantee that
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4-mm insertion will afford enough
implant immobility to secure second-
ary stability. However, the working
model used for this experience ensures
only an anchor of the apical third of the
implant, which thus far has not been
reproduced in other works and also
does not accurately simulate clinical
situations of immediate implantation,
because it always seeks to obtain a con-
tact between the implant body and
some of the walls of the socket. It is
worth mentioning that when implants
were inserted, the drilling protocol
used in the 40 pcf block density (cor-
responding to the bone density D1),
values over 50 ISQ were reached in
all cases.

Nevertheless, the aim of the study
was to conduct an in vitro assessment of
the need to reduce the diameter of the
implant bed and of the effect of decreas-
ing the drilling diameter under different
bone conditions, with a view to deter-
mining the viability of the model in hu-
mans. In this regard, the following can
be postulated:

1. Reduction of the final drilling
diameter clearly results in an
increase of the torque values;
however, based on RFA values
obtained in this experiment, this
increase in torque does not neces-
sary result in an increase of
implant stability.

2. Concerning the minimum reduc-
tion of the final drilling diameter,
the results of torque insertion sug-
gest that a percentage reduction
between 8% and 9% would be
sufficient to obtaining values of
initial stability in immediate im-
plants similar to those obtained
in conventional implantation;
however, this assertion could not
be confirmed by the stability val-
ues obtained by RFA.

3. Differences between torque and
RFA values obtained in implants
inserted in each type of the blocks
of polyurethane density suggests
the existence of a directly propor-
tional relationship between bone
density and initial stability of the
implant immediately placed to
tooth extraction. This will also be
a determinant when deciding the

final drilling diameter, because it
is necessary to emphasize that the
reduction of thefinal drilling diam-
eter in D1 density bone would
result in an increase in torque val-
ues to more than 90 N$cm, which
could adversely affect secondary
stability on applying the technique
in human bone. Additionally, the
insertion torque values obtained in
poor bone density like D4 would
contraindicate immediate implant
placement with 4 mm of apical
anchoring, regardless of the dril-
ling sequence used.

CONCLUSIONS

Based on the results obtained, there
is no evidence supporting an incom-
plete or undersized drilling protocol to
increase the initial stability in im-
mediate implant placement, probably
because of the critical role that bone
density would have in primary stability
in implant placement under conditions
similar to those of the present experi-
mental in vitro study. However, further
studies in human models are needed to
assess the behavior of these variables
and to investigate other aspects such
as the evolution of stability over time,
and its predictability.
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