The Effect of Implant Design and Bone Quality on
Insertion Torque, Resonance Frequency Analysis, and
Insertion Energy During Implant Placement in Low or
Low- to Medium-Density Bone
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Primary, or initial, implant stability is a prerequisite for
osseointegration. It is defined as the biometric sta-
bility immediately achieved after implant placement.
The lack of primary stability in poor bone quality may
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Purpose: This study investigated the effect of implant design and bone quality on
insertion torque (IT), implant stability quotient (ISQ), and insertion energy (IE) by
monitoring the continuous change in IT and ISQ while implants were inserted in artificial
bone blocks that simulate bone of poor or poor-to-medium quality. Materials and
Methods: Polyurethane foam blocks (Sawbones) of 0.16 g/cm? and 0.32 g/cm3 were
respectively used to simulate low density and low- to medium-density cancellous bone.
In addition, some test blocks were laminated with a 1-mm 0.80 g/cm? polyurethane layer
to simulate cancellous bone with a thin cortical layer. Four different implants (Nobel
Biocare Mk 111-3.75, Mk 111-4.0, Mk 1V-4.0, and NobelActive-4.3) were placed into the
different test blocks in accordance with the manufacturer’s instructions. The IT and

ISQ were recorded at every 0.5-mm of inserted length during implant insertion, and

IE was calculated from the torque curve. The peak IT (PIT), final IT (FIT), IE, and final
ISQ values were statistically analyzed. Results: All implants showed increasing ISQ
values when the implant was inserted more deeply. In contrast to the ISQ, implants with
different designs showed dissimilar IT curve patterns during the insertion. All implants
showed a significant increase in the PIT, FIT, IE, and ISQ when the test-block density
increased or when the 1-mm laminated layer was present. Tapered implants showed
FIT or PIT values of more than 40 Ncm for all of the laminated test blocks and for the
nonlaminated test blocks of low to medium density. Parallel-wall implants did not exhibit
PIT or FIT values of more than 40 Ncm for all of the test blocks. NobelActive-4.3 showed
a significantly higher FIT, but a significantly lower IE, than Mk 1V-4.0. Conclusions:
While the existence of cortical bone or implant designs significantly affects the dynamic
IT profiles during implant insertion, it does not affect the ISQ to a similar extent. Certain
implant designs are more suitable than others if high IT is required in bone of poor
quality. The manner in which IT, IE, and ISQ represent the implant primary stability
requires further study. Int J Prosthodont 2015,28:40-47. doi: 10.11607/ijp.4063

result in failure in the long term and is of particular
importance when using immediate loading protocols.
Primary stability is achieved by reconciling specific
determinants such as bone quality, surgical tech-
nique, and implant design.!-8 It is also presumed that
bone quality in particular usually defines the adopted
surgical technique and the selected implant design.
Consequently, various implant designs have been pro-
posed to improve long-term prognoses and to achieve
better initial primary stability whenever poor quality
bone with a thin cortical layer and loose cancellous
bone is the selected implant site.2°-® Different surgi-
cal techniques claim enhanced primary implant stabil-
ity in bone sites with poor bone quality.' Moreover, for
each implant design, implant manufacturers also rec-
ommend specific implant site preparation protocols
for soft bone. However, it is not clear how these pro-
tocols are developed, let alone the determination of
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Table 1 Classification of Test Blocks; the PIT, FIT, IE, and Final ISQ Values for the Four Different Implants in Each Test Block
Cortical Cancellous

Implant* Test block thickness (mm) bone (g/cm?) PIT (Ncm) FIT (Ncm) IE(J)) 1SQ
LD 0 0.16 4.6 (0.4) 4.6 (0.4) 0.94 (0.10) 46.8 (1.1)

Mk 111-3.75 LMD 0 0.32 17.5(2.4) 17.5(2.4) 1.99 (0.21) 63.2 (2.3)
La-LD 1 0.16 14.2 (3.7) 13.7 (2.4) 1.98 (0.54) 57.4 (1.1)
La-LMD 1 0.32 35.0 (3.7) 34.9 (3.6) 3.45 (0.83) 68.8 (0.8)
LD 0 0.16 4.5 (0.4) 4.5 (0.4) 1.10 (0.18) 45.4(1.9)

Mk 111-4.0 LMD 0 0.32 17.8 (5.1) 17.8 (5.1) 2.65 (068) 64.6 (3.1)
La-LD 1 0.16 24.0 (5.8) 24.0 (5.8) 3.16 (0.80) 60.4 (2.2)
La-LMD 1 0.32 40.0 (2.3) 40.0 (2.3) 5.01 (0.40) 71.0 (1.0)
LD 0 0.16 10.4 (1.7) 10.4 (1.7) 1.96 (0.27) 50.6 (2.2)

Mk IV-4.0 LMD 0 0.32 47.6 (2.8) 47.6 (2.8) 8.54 (0.43) 65.4 (2.2)
La-LD 1 0.16 33.5(27) 332 (3.2) 9.32 (1.25) 63.0 (1.4)
La-LMD 1 0.32 69.6 (7.8) 68.8 (6.4) 15.92 (1.81) 73.8 (1.9)
LD 0 0.16 16.6 (0.8) 16.6 (0.8) 1.53 (0.06) 45.4 (0.9)

NA-4.3 LMD 0 0.32 59.8 (1.9) 59.8 (1.9) 5.14 (0.18) 64.6 (0.5)
La-LD 1 0.16 56.0 (4.1) 48.1 (5.8) 6.33 (0.75) 62.6 (2.2)
La-LMD 1 0.32 82.3 (0.7)* 76.6 (3.7)* 9.96 (0.62)* 68.0 (2.8)*

PIT = peak insertion torque; FIT = final insertion torque; |IE = insertion energy; 1ISQ = implant stability quotient; LD = low-density cancellous block;
LMD = low- to medium-density cancellous block; La-LD = laminated low-density block; La-LMD = laminated low- to medium-density block.

‘Data are from two trials in which implants were fully seated. For the other three trials in which the implants were not fully seated, the PIT was
greater than 90 Ncm and the mean 1SQ was 61.0 when the torque reached 90 Ncm.

the degrees of primary stability achieved. It is, there-
fore, difficult to evaluate whether the protocol is really
appropriate or whether additional improvements are
required.

Simple, clinically relevant noninvasive tests should
be used to assess implant stability during surgery.
Two measurement methods have been proposed to
quantitatively assess primary stability: (7) implant in-
sertion torque (IT) and (2) resonance frequency anal-
ysis that is frequently represented by implant stability
quotient (1SQ).'"57 These two measurements also
were suggested to represent the bone quality around
the implants,'®'° although their correlation with clini-
cal efficacy, or indeed prognostic merit, in defining
primary stability or bone quality remains controver-
sial.'+17:20-24 Recent studies also suggest that primary
stability could be represented by insertion energy
(IE) or torque work, which can be calculated from
the torque profile during implant placement proce-
dures.?®>-%’ Because the amount of IT is usually lim-
ited by the settings on the machine, surgeons often
start with a low torque setting and then incremen-
tally increase the torque whenever an implant can-
not be seated completely. Peak insertion torque (PIT)
is usually reported although this could be different
from the final insertion torque (FIT) applied during
the completion of implant placement. Similarly, the IE
could be different when the PIT or FIT is similar for
an implant placement. Consequently, a correlation
between FIT, PIT, and IE in implants of different de-
signs, placed in different bone qualities, needs to be

determined before it can be decided which param-
eters can represent implant stability or bone quality
around an implant.

The purpose of this in vitro study was to investi-
gate the following: dynamic changes of IT and ISQ,
together with correlations among FIT, PIT, IE, and 1SQ
in implants of different designs that were placed in ar-
tificial bone blocks with a density that simulates poor
or poor-to-medium quality bone.

Materials and Methods
Simulated Bone Blocks

Polyurethane blocks (Sawbones, Pacific Research
Laboratories) were used to simulate bone with differ-
ent cancellous densities. As the mean bone mineral
density is 0.31 g/cm? for the posterior maxilla and 0.55
g/cm?® for the anterior maxilla,?® polyurethane foam
blocks of 0.16 g/cm?® and 0.32 g/cm?® were used to re-
spectively simulate cancellous bone of low and low-
to-medium density. Some cancellous test blocks were
also laminated by attaching a 1-mm polyurethane layer
of 0.80 g/cm? density to simulate cancellous bone with
a thin layer of cortical bone. Therefore, four artificial
bone blocks were prepared: a low-density (0.16 g/cm?)
cancellous block (LD), a low- to medium-density
(0.32 g/cm?®) cancellous block (LMD), a laminated
low-density block (La-LD), and a laminated low- to
medium-density block (La-LMD) (Table 1). Each block
measured 60 X 60 X 20 mm (length X width X height).
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Fig1 Implants tested. From left to right: Mk 111-4.0, Mk V-4.0, NA-4.3.
The Mk 111-3.75 (not shown) has the same profile as Mk [11-4.0 but a
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Fig2 Surgical protocols for the four different implants in (a) nonlaminated test blocks and (b) laminated test blocks (2-mm twist drill:
32297, 3-mm twist drill: 32267, 2.4/2.8-mm twist step drill: 32261, Counterbore RP: 32283, Nobel Biocare).

Fig 3 A torque wrench connected to a strain gauge
transducer indicator, which registers the insertion torque.

Implants

Four different implant designs were used for this
study: Mk [11-3.75 (28913, MKk Ill TiUnite; 3.75-mm
diameter X 10-mm length, Nobel Biocare);
Mk 111-4.0 (28920, Mk IlI TiUnite, 4.0-mm diam-
eter X 10-mm length); Mk IV-4.0 (28934, Mk IV
TiUnite, 4.0-mm diameter X 10-mm length); and
NA-4.3 (34131, NobelActive, 4.3-mm diameter
X 10-mm length, Nobel Biocare) (Fig 1). Mk
[11-3.75 and MK Ill-4.0 are standard parallel-wall
implants originally designed for all bone quali-
ties. Mk IV-4.0 and NA-4.3 are tapered implants
specially designed for bone of poor quality. For
each implant design, five implants were placed
into each of the four artificial bone blocks. Each
drill hole was separated by 1 cm.

Surgical Protocols and Measurement of the
IT and ISQ

Since the drilling protocol affects the measurement of im-
plant IT and ISQ, the surgical protocols for the four different
implants placed in test blocks followed the manufacturer’s
recommendations for soft bone (Fig 2). Five implant inser-
tions were performed in each of the four test blocks for all
four implants. During insertion of the implant, the IT and the
ISQ were recorded at every successive 0.5-mm of inserted
length. The measurements started after 2 mm of an implant
had been inserted until it was fully seated. The PIT is the
maximum IT value during the insertion procedure. The FIT is
the IT value measured at the moment that an implant is fully
seated. The IT was measured using a torque wrench (Sensor
Development) connected to a strain gauge transducer indi-
cator (TIG-7010; Fig 3) and the ISQ was measured using an
Osstell Mentor (Osstell), which displays ISQ values. For each
inserted length, three 1SQ values were measured and the
average was used.

Insertion Energy

In physics, a torque of 1 Nm applied through a full revolution
will require an energy of exactly 21 joules. Mathematically,
E = 10; where E is the energy, T is magnitude of the torque,
and 6 is the angle moved (in radians). Since the thread pitch
is 1.2 mm for Mk 111-3.75, Mk llI-4.0, and Mk IV-4.0 and 2.4 mm
for NA-4.3, 6 is 2.62 and 1.31 for every 0.5-mm insertion,
respectively. Thus, using a trapezoidal integration technique,
the area underlying the recorded torque curve (Figs 4 and 5)
was calculated and represented the IE.
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Fig 4 Insertion torque (IT) and implant stability quotient (ISQ) measurements for the four different implants in (a) nonlaminated test

blocks and (b) laminated test blocks of two cancellous densities.

Data Analysis and Statistical Analysis

The means and SDs of the PIT, FIT, and 1SQ values
were calculated. The statistical analyses were per-
formed using SAS version 9.3 software (SAS Institute).
The general linear model (GLM) procedure was used
to compare the effect of bone quality (cortical thick-
ness and cancellous density) and implant design on
the PIT, FIT, IE, and ISQ values. Post-hoc Bonferroni
test was used to compare the mean values. All plots
were made using Sigmaplot 11.0 software (GraphPad
Software). Differences were considered as significant
when P < .05.

Results
Implant Stability Quotient Values
The 1SQ values were most influenced by the length

that an implant is inserted (the amount of implant that
is embedded). When the implant was inserted deeper,

all of the implants exhibited increasing 1SQ values
(Figs 4 and 5). For each implant design, the final ISQ
values were significantly increased when the density
of the test blocks increased or when the 1-mm lami-
nated layer was present (Fig 6).

Insertion Torque and Insertion Energy

Different implant designs exhibited different profiles
of the IT during implant insertion (Figs 4 and 5). The
Mk IV-4.0 implants and NA-4.3 implants showed an
increasing instantaneous IT during implant inser-
tion in all of the test blocks. In contrast, the Mk Il
implants exhibited unobvious changes in instanta-
neous IT until the last moment when the platform
engaged the test blocks. All of the implants showed
an increase in the PIT, FIT, and IE when the density
of test blocks increased or when the 1-mm laminat-
ed layer was present (Figs 5 and 6, Table 1). Most
implants showed a PIT when the implant was fully
seated, which meant that the PIT was equal to the
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Fig 6 Final insertion torque (FIT) (left) and final implant stability quotient (ISQ) (right) values for different implants in bone of

different quality.

FIT. However, with the 1-mm laminated test blocks
(La-LD, La-LMD), the NA-4.3 implants showed a PIT
of 0.5 to 1 mm before the implants were fully seated,
and the FIT was less than the PIT (Figs 4 and 5). It is
worthy of note that three NA-4.3 implants could not

be fully inserted in the La-LMD block because the IT
had exceeded 90 Ncm when only 7 to 8 mm of the
implants were inserted.

A significant linear correlation between FIT and
IE could be found for each implant design (NA-4.3:
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r2 =0.777; Mk IV-4.0: r2 = 0.863; Mk Ill-4.0: r2 = 0.970;
Mk 11I-3.75: r? = 0.894) (Fig 7). It is worth noting that
NobelActive-4.3 showed a significantly higher FIT,
but a significantly lower IE, than Mk IV-4.0. Several
implant-bone block combinations showed the FIT
around 40 Ncm but the IE in the range of 2.5 to 10 J.

Relation Between ISQ and IT

A positive linear correlation could be observed be-
tween FIT and ISQ (Table 1) in each implant design.
However, no correlation could be observed when data
from all of the implants was pooled.

Discussion

While different drilling protocols may affect IT and 1SQ
values,*®3 this study investigated these parameters
by following the manufacturer's recommendations
for soft and soft-to-medium bone qualities. The em-
ployed continuous monitoring technique showed that
implant design affects the IT profile during insertion.
The three implant designs with an implant flange at

the platform (Mk [11-3.75, Mk 1ll-4.0, and Mk 1V-4.0)
always showed the highest IT values at the end of the
insertion, so their FIT values were equal to the PIT val-
ues. In the presence of cortical bone, the FIT value for
the two Mk Ill implants increased suddenly, which may
be due to their parallel-wall design and the impinge-
ment of the implant flange on the crestal cortical bone.
These results are inconsistent with the observations
at several parallel-wall and tapered implant designs
observed in a previous study.? The NA-4.3 implant is
a tapered implant, which was developed to increase
the primary stability of the implant in an implant site
with poor bone quality or an extraction socket. It has
no implant flange, like the other implants with internal
connections, and its implant width is constricted from
the major diameter of 4.3 mm to 3.9 mm at the platform
interface. These characteristics explain why the PIT
values for the NA-4.3 implants occurred 2 mm before
the implants were fully seated and the FIT values were
less than the PIT values. Theoretically, the FIT may rep-
resent the target primary stability—it is undesirable to
have a much higher PIT during implant placement be-
fore it is fully seated.
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Fig 7 Correlation between FIT and IE.
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design per test block (except NA-4.3 in
La-LMD). Each color represents an im-
plant design (green: Mk [1I-3.75, orange:
Mk 111-4.0, red: Mk IV-4.0, blue: NA-4.3).
Each symbol shape represents a type
of test block(V¥: LD, @: LMD, A: La-LD;
H: La-LMD).

Final insertion torque (Ncm)

This study supports the observations that implant
IT and ISQ values increase in the presence of cortical
bone or increased cortical thickness.® For most implant
designs, the IT or ISQ values ascend in order from the
lowest to the highest value in the following sequence:
LD, La-LD, LMD, and La-LMD. The data suggest that
although a cortical layer is important, an increase in the
cancellous density may actually supersede the role of the
thin cortical bone in providing a higher IT or ISQ value.

In this study, some of the FIT did not reach 30 Ncm
while the IT of three NA-4.3 implants reached 90 Ncm
and could not be seated completely. These observa-
tions suggest that better surgical protocols for each
implant design may be necessary. However, in vivo
studies are required to verify these in vitro observa-
tions. Similar insertion difficulties were observed in
a clinical evaluation of NA dental implants.?® In the
present study, the NA-4.3 implants showed a larger
PIT than the FIT in laminated blocks and still have a FIT
as high as 59.8 Ncm in nonlaminated LMD blocks. An
in vivo study would be able to verify these results and
explore whether a wider preparation at the cortical
bone can reduce the PIT while maintaining a high FIT.
Although the bone blocks were selected to simulate
the low-density and low- to medium-density cancel-
lous bone,?® additional studies may also be needed
to verify whether this was an appropriate simulation
since three NA-4.3 implants could not be placed
successfully.

Itis also important to note that the ISQ values of the
three NA-4.3 implants were 58, 62, and 63 when the IT
exceeded 90 Ncm. Therefore, the ISQ values appeared
to depend more on the inserted length of the implant
and did not parallel the high IT ones. Since an implant
may not fully contact the bone in immediate implanta-
tion, these data suggest that an implant with a similar

The International Journal of Prosthodontics

design to the NA-4.3 implant could show a high IT but
low I1SQ value if it is placed into an extraction socket. It
would also be interesting to evaluate the micromotion
of the implants to clarify whether IT or 1SQ actually
represent the primary stability in this case. Although
increasing the PIT may reduce the level of implant mi-
cromotion in a single implant design,”® clarification is
needed to determine whether the same IT, ISQ, or |IE
values of different implant designs represent similar
primary stability.

Recent studies explored the feasibility of IE or work
as a new primary stability parameter.?2?6 A similar
FIT may have different IE or work if the torque curve
profiles are different during implant placements. This
study showed a significant linear correlation between
FIT and IE for each implant design, although there
were different implants showing similar FIT around
40 Ncm, but quite different IE (Fig 7). The significance
of IE needs clarification. Furthermore, additional in vitro
and in vivo studies are needed for each implant design
to investigate the best surgical protocols that ensure pri-
mary stability and the final implant treatment outcomes.

Conclusions

It appears that the presence of cortical bone as well as
implant design significantly affects the dynamic IT pro-
files during implant insertion, while not similarly affect-
ing 1SQ profiles. Certain implant designs may be more
suitable for specific selections than others if high IT in
bone with poor quality is required, when using the sur-
gical protocols recommended by the manufacturers.
The modification of these surgical protocols to achieve
a high 1SQ and optimal IT deserves future study, togeth-
er with the manner in which IT and 1SQ values can be
employed to reliably represent implant primary stability.

46
© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Wang et al

Acknowledgments

The study is supported by a grant from National Science Council
(NSC-101-2314-B-002-106). The authors reported no conflicts of
interest related to this study.

10.

1.

12.

13.

14.

References

Ostman PO, Hellman M, Wendelhag I, Sennerby L. Resonance
frequency analysis measurements of implants at placement
surgery. Int J Prosthodont 2006;19:77-83.

O’Sullivan D, Sennerby L, Meredith N. Measurements compar-
ing the initial stability of five designs of dental implants: A hu-
man cadaver study. Clin Implant Dent Relat Res 2000;2:85-92.
Rabel A, Kohler SG, Schmidt-Westhausen AM. Clinical study
on the primary stability of two dental implant systems with
resonance frequency analysis. Clin Oral Investig 2007;11:
257-265.

Blanco J, Alvarez E, Mufioz F, Lifiares A, Cantalapiedra A.
Influence on early osseointegration of dental implants installed
with two different drilling protocols: A histomorphometric
study in rabbit. Clin Oral Implants Res 2011;22:92-99.

Freitas AC Jr, Bonfante EA, Giro G, Janal MN, Coelho PG. The
effect of implant design on insertion torque and immediate mi-
cromotion. Clin Oral Implants Res 2012;23:113-118.

Tabassum A, Meijer GJ, Wolke JG, Jansen JA. Influence of
surgical technique and surface roughness on the primary
stability of an implant in artificial bone with different cortical
thickness: A laboratory study. Clin Oral Implants Res 2010;21:
213-220.

Trisi P, Perfetti G, Baldoni E, Berardi D, Colagiovanni M, Scogna
G. Implant micromotion is related to peak insertion torque and
bone density. Clin Oral Implants Res 2009;20:467-471.

Trisi P, De Benedittis S, Perfetti G, Berardi D. Primary stability,
insertion torque and bone density of cylindric implant ad mo-
dum Branemark: Is there a relationship? An in vitro study. Clin
Oral Implants Res 2011;22:567-570.

Lekholm U, Zarb GA. Patient selection and preparation. In:
Branemark Pl, Zarb GA, Albrektsson T. (eds). Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry. Chicago:
Quintessence, 1985:199-209.

O’Sullivan D, Sennerby L, Jagger D, Meredith N. A compari-
son of two methods of enhancing implant primary stability. Clin
Implant Dent Relat Res 2004;6:48-57.

Markovic¢ A, Calvo-Guirado JL, Lazi¢ Z, et al. Evaluation of pri-
mary stability of self-tapping and non-self-tapping dental im-
plants. A 12-week clinical study. Clin Implant Dent Relat Res
2013;15:341-349.

Romanos GE, Basha-Hijazi A, Gupta B, Ren YF, Malmstrom H.
Role of clinician’s experience and implant design on implant
stability. An ex vivo study in artificial soft bones [published
online ahead of print June 21, 2012]. Clin Implant Dent Relat
Res 2014;16:166-171. doi: 10.1111/j.1708-8208.2012.00470.x.
Toyoshima T, Wagner W, Klein MO, Stender E, Wieland M, Al-
Nawas B. Primary stability of hybrid self-tapping implant com-
pared to a cylindrical non-self-tapping implant with respect to
drilling protocols in an ex vivo model. Clin Implant Dent Relat
Res 2011;13:71-78.

Turkyilmaz I, Aksoy U, McGlumphy EA. Two alternative surgical
techniques for enhancing primary implant stability in the pos-
terior maxilla: A clinical study including bone density, insertion
torque, and resonance frequency analysis data. Clin Implant
Dent Relat Res 2008;10:231-237.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Atsumi M, Park SH, Wang HL. Methods used to assess implant
stability: Current status. Int J Oral Maxillofac Implants 2007;
22:743-754.

Menicucci G, Pachie E, Lorenzetti M, Migliaretti G, Carossa S.
Comparison of primary stability of straight-walled and tapered
implantsusinganinsertiontorquedevice.IntJ Prosthodont2012;
25:465-471.

Sennerby L, Meredith N. Implant stability measurements using
resonance frequency analysis: Biological and biomechanical as-
pects and clinical implications. Periodontol 2000 2008;47:51-66.
Friberg B, Sennerby L, Roos J, Lekholm U. Identification of bone
quality in conjunction with insertion of titanium implants. A pilot
study in jaw autopsy specimens. Clin Oral Implants Res 1995;
6:213-219.

Hsu JT, Fuh LJ, Tu MG, Li YF, Chen KT, Huang HL. The effects of
cortical bone thickness and trabecular bone strength on nonin-
vasive measures of the implant primary stability using synthetic
bone models. Clin Implant Dent Relat Res 2013;15:251-261.
Atieh MA, Alsabeeha NH, Payne AG. Can resonance frequency
analysis predict failure risk of immediately loaded implants? Int
J Prosthodont 2012;25:326-339.

Da Cunha HA, Francischone CE, Filho HN, De Oliveira RC. A
comparison between cutting torque and resonance frequency
in the assessment of primary stability and final torque capacity
of standard and TiUnite single-tooth implants under immediate
loading. Int J Oral Maxillofac Implants 2004;19:578-585.
Degidi M, Daprile G, Piattelli, A. Primary stability determina-
tion by means of insertion torque and RFA in a sample of 4,135
implants. Clin Implant Dent Relat Res 2012;14:501-507.
Ribeiro-Rotta RF, de Oliveira RCG, Dias DR, Lindh C, Leles
CR. Bone tissue microarchitectural characteristics at dental
implant sites part 2: Correlation with bone classification and
primary stability [published online ahead of print October 29,
2012]. Clin Oral Implants Res 2014;25:e47-e53. doi: 10.1111/
clr.12046.

Manresa C, Bosch M, Echeverria JJ. The comparison between
implant stability quotient and bone-implant contact revis-
ited: An experiment in Beagle dog [published online ahead
of print September 19, 2013]. Clin Oral Implants Res 2014;25:
1213-1221. doi: 10.1111/clr.12256.

Degidi M, Daprile G, Piattelli A, lezzi G. Development of a new
implant primary stability parameter: Insertion torque revisited.
Clin Implant Dent Relat Res 2013;15:637-644.

Park KJ, Kwon JY, Kim SK, et al. The relationship between im-
plant stability quotient values and implant insertion variables:
A clinical study. J Oral Rehabil 2012;39:151-159.

Wu SW, Lee CC, Fu PY, Lin SC. The effects of flute shape and
thread profile on the insertion torque and primary stability of
dental implants. Med Eng Phys 2012;34:797-805.

Devlin H, Horner K, Ledgerton DA. Comparison of maxillary
and mandibular bone mineral densities. J Prosthet Dent 1998;
79:323-327.

Ho DSW, Yeung SCH, Zee KY, Curtis B, Hell P, Tumuluri V.
Clinical and radiographic evaluation of NobelActive dental im-
plants. Clin Oral Implants Res 2013;24:297-304.

Volume 28, Number 1, 2015 47

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE|ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Copyright of International Journal of Prosthodonticsis the property of Quintessence
Publishing Company Inc. and its content may not be copied or emailed to multiple sites or
posted to alistserv without the copyright holder's express written permission. However, users
may print, download, or email articles for individual use.



