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Implants have proven to be a pre-
dictable treatment with a high
success rate.1,2 Most of the stud-

ies concerning implant success eval-
uated a classic protocol established
by a Swedish scientific groups,3,4

where implants were allowed to heal
submerged until osseointegration to
be subsequently restored to success
levels seldom reported lower than
95% in controlled clinical evalua-
tions.

Over the past decade, there has
been improvements in dental implant
as the design at the macro,5–7 micro,8

and nanometer9,10 scales allowed the

bone response to endosteal implants
in order to improve the osseointegra-
tion of devices and then allowed
the clinicians more aggressive reha-
bilitation. For instance, immediate
loading of implants in selected cases
has become routine for oral rehabili-
tation when initial stability was
achieved, even in more challeng-
ing clinical scenarios as fresh extrac-
tion sockets.11–13 For such protocols,
it is imperative that implant pri-
mary stability is achieved, and there-
fore the interplay between implant
hardware components such as implant

macrogeometry and related surgical
instrumentation and their effect on the
bone healing environment must be
carefully considered.

The interaction between drilling
technique and implant macrogeometry
plays a pivotal role on initial stability for
immediate loading to reduce motion
between implant and bone that could
impair osseointegration and/or immedi-
ate provisionalitation.12,14,15 In clinical
scenarios, primary stability is provision-
alization, most often achieved by under-
sizing osteotomydimensions,16 so higher
insertion torque levels are obtained.
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Purpose: This study investigated
the effect of the osteotomy diameter
for implant placement torque and its
effect on the osseointegration.

Materials and Methods: Eight
male beagle dogs received 48 im-
plants (3.75 mm 3 10 mm) in their
right and left radius, 3 implants per
side and allowed to heal for 3
weeks. Three experimental groups
were evaluated. Group 1: implant
with an undersized osteotomy of
3.0 mm; group 2: osteotomy of
3.25 mm, and group 3: osteotomy
of 3.5 mm. The insertion torque
was recorded for all implants. His-
tological sectioning and histomet-
ric analysis were performed
evaluating bone-to-implant contact

(BIC) and bone area fraction occu-
pancy (BAFO).

Results: Implants of group 1
presented statistically higher inser-
tion torque than those of groups 2
and 3 (P , 0.01). No differences in
BIC or BAFO were observed between
the groups. From a morphologic
standpoint, substantial deviations in
healing mode were observed between
groups.

Conclusion: Based on the present
methodology, the experimental alter-
ations of surgical technic can be
clinically used with no detrimental
effect over the osseointegration pro-
cess. (Implant Dent 2016;25:739–743)
Key Words: surgical techniques,
bone, histology, dental implants
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Although it may seem intuitive that
high insertion torque levels are
required to achieve primary stability,
a study demonstrating that insertion
torque does not necessarily translate
into decreasedmicromotion alongwith
a plethora of preclinical studies that
have demonstrated that excessive tor-
que levels may substantially change
osseointegration pathway healing
modes has warranted further investiga-
tion of what trends are obtained by os-
teotomy size variation.17,18

For instance, prior experimental
studies have shown that early interfa-
cial remodeling is proportional to
underdrilling techniques that result
in progressive degrees of implant
insertion torque during placement.
This series of studies demonstrated
that as early as 3 weeks after implan-
tation changes in osseointegration
pathways are notable where tighter
fit implants present substantial inter-
facial remodeling, whereas looser fit
implants present healing chambers
(formed between implant inner diam-
eter and osteotomy dimension outer
diameter) presenting bone forma-
tion.19,20 This series of studies demon-
strated that although lower degrees
of insertion torque are achieved if
larger diameter osteotomies are
drilled, initial implant stability was
achieved and a lower stability dip after
placement was observed as a result of
intramembranous-like bone within

the chambers, warranting investiga-
tion of such macrogeometry/surgical
instrumentation relationship for other
implant systems in an attempt to
develop implant surgery procedures
that will better balance insertion tor-
que, stability dip, and bone healing
modes around implants ultimately
leading to atemporally stable implant
systems.19,21–23

This study evaluated the influence
of osteotomy dimension on the inser-
tion torque, healing mode, and osseoin-
tegration indicators and an implant
system, which presents a progressive
thread design and a tapered macrogeo-
metric configuration.

MATERIALS AND METHODS

Forty-eight threaded endosseous
implants, 3.75 mm in diameter and
10 mm in length (Osteofix Implant
SurfacedAdin Tuareg Implants) were
used. The surface characteristics, histo-
logical analysis, andmechanical testing
were previously published.24 For the
laboratory in vivo model, 8 adult male
beagle dogs approximately 1.5 years
old were acquired after the approval of
the Ethics Committee of Écólé Natio-
nale de Vétérinaire AffortdMaison
AffortdFrance. All surgical proce-
dures were performed under general
anesthesia. Medetomidine 8.5 mg/kg
and morphine 0.2 mg/kg were used as
premedication intravenous access. To
induce general anesthesia, propofol 4
mg/kg was used. After tracheal intu-
bation, anesthesiamaintenancewas per-
formed with 2% isoflurane (adjusted for

the percentage of exhaled 1.2%) with
mechanical ventilation at 10 mL/kg
(approximately).

The surgical site was the central
region of the radius diaphysis. After
hair shaving, skin exposure, and anti-
septic cleaning with iodine solution at
the surgical and surrounding area,
a 5-cm length incision to access the
periosteum was performed and a flap
reflected for bone exposure.

Three implants were placed along
the radius from proximal to distal in an
interpolateddistribution, thedrilling tech-
nique was performed according to man-
ufacture recommendation and the final
diameter was 3.0-, 3.25-, and 3.5-mmper
site, the distance between implants was
1 cm. During the implant placement, the
final insertion torque of each implant was
recorded with a portable digital torque
meter (Tohnichi, Tokyo, Japan), with
a 200-N$cm load cell. Cover screwswere
placed to avoid tissue ingrowth. The soft
tissue was sutured in layers according to
standard procedures, with the periosteum
sutured with Vicryl 4-0 (Ethicon, John-
son & Johnson, Miami, FL) and the skin
with 4-0 nylon (Ethicon, Johnson &
Johnson, Miami, FL). The implants were
remaining for 3 weeks.

Postoperative antibiotic and antiin-
flammatorymedications includedasingle
dose of benzyl penicillin benzathine
(20,000 UI/kg) intramuscularly and ke-
toprofen 1% (1mL/5 kg). The euthanasia
was performed by means of anesthesia
overdose, and the limbswere retrieved by
sharp dissection. The soft tissue was
removed using surgical blades, and an

Fig. 1. Insertion torque (N$cm) of implants
placed in 3 different undersized preparation
sites (3.0, 3.25, and 3.5 mm). A significant
decrease in insertion torque was observed
from 3.0 to 3.5 mm final drilling. Different
asterisks represent the statistically significant
differences (P , 0.01).

Fig. 2. Histological micrographs of the implants drilling (A) 3.0 mm, (B) 3.25 mm, and (C)
3.5 mm, respectively, after 3 weeks of healing. Arrows depict an absence of bone resorption in
compressed bone areas after implant placement. Toluidine blue-stained.
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initial clinical evaluation was performed
to determine implant stability. If an
implant was clinically unstable, it was
excluded from the study. The samples
containing the implants were reduced to
blocks and immersed in 10% buffered
formalin solution for 24 hours. The
blocks were then washed in running
water for 24 hours and steadily dehy-
drated in a series of alcohol solutions
ranging from70% to100%ethanol.After
dehydration, the sampleswere embedded
in a methacrylate-based resin (Technovit
9100; Heraeus Kulzer GmbH, Wehr-
heim, Germany) according to the manu-
facturer’s instructions. The blocks were
then cut into slices (;300mm thickness),
aiming the center of the implant along its
long axis, with a precision diamond saw
(Isomet 2000; Buehler, Lake Bluff, IL),
and glued to acrylic plates with an
acrylate-based cement. A 24-hour setting
time was allowed before grinding and
polishing. The sections were then
reduced to a final thickness of
;30mm using a series of SiC abrasive
papers (400, 600, 800, 1200, and
2400; Buehler) in a grinding/polishing
machine (Metaserv 3000, Buehler)
under water irrigation. The sections
were then toluidine blue-stained and

referred to optical microscopy at
350 to 3200 magnification (Leica
DM2500M; Leica Microsystems
GmbH, Wetzlar, Germany) for histo-
morphologic evaluation. The bone-to-
implant contact (BIC) and bone area
fraction occupancy (BAFO) was
determined using computer software
(Image J; National Institutes of
Health, Bethesda, MD), at 350 to
3200 and 3100 magnification,
respectively. The regions of BIC
along the implant perimeter were sub-
tracted from the total implant perime-
ter, and calculations were performed
to determine the BIC. The areas occu-
pied by bone were subtracted from the
total area between the threads, and cal-
culationswere performed to determine
the BAFO (reported in percentages).
Statistical evaluation of torque, BIC,
and BAFOwas performed by multiple
paired t tests. Statistical significance
was set at a¼ 0.05, and post hoc test-
ing for multiple comparisons used the
Dunn test.

RESULTS

The surgical procedures and postop
periodwereuneventful.Nopostoperative

complications were detected, and all
implants were clinically stable and
included in the present evaluation.
The results of initial insertion torque
are presented in Figure 1. The torque
decreased as a function of drilling
diameter from 3.0 to 3.25 to 3.5 mm.
A significant difference in torque lev-
els was observed between the 3.0-mm
and 3.5-mm groups (P, 0.01), and the
3.25-mm group presented with inter-
mediate values without significance
relative to the 3.0-mm and 3.5-mm
groups.

Histological analysis showed inti-
mate contact between implant and
trabecular/cortical bone in all experi-
mental groups, including in close prox-
imity or substantially away from the
osteotomy wall (Fig. 2, A–C). This
evaluation also demonstrated different
patterns of bone healing among groups,
depicted by assorted amounts of
intramembranous-like or appositional
pathway. The amount of woven bone
observed increase in direct proportion
with the diameter of drilling diameter,
as presented in the Figure 2, A–C.

Qualitatively, the 3.0-mm group
presented the highest contact degree
between the pristine bone and the
implant surface resulting in a healing
chamber space of approximately one
third of the thread length that at 3 weeks
was filled with woven bone (Fig. 2, A).
For the 3.25-mm group, more than half
of thread length comprised a healing
chamber occupied by woven bone
(Fig. 2, B). Conversely, implants
placed in 3.5 drilling sites presented
healing chambers effect comprising
close to the whole thread extension
(Fig. 2, C). Statistical assessment of
BIC and BAFO showed no significant
differences among groups, all at P .
0.40 (Fig. 3).

DISCUSSION

Because the osseointegration pro-
cess was described3 and clinically
accepted as an oral rehabilitation
modality,4 substantial changes of clas-
sic 2 stages protocol are proposed based
on several modifications of implant sur-
face,25 macrogeometry,6 and drilling
technic.26 Actually preoperatory tomo-
graphic analysis and improved implant

Fig. 3. Histometric analysisdstatistical summary of drilling site dimension for BIC and BAFO.
No differences in BIC and BAFO were observed between the sites drilling. However, an overall
increase in both BIC and BAFO was observed in the 3-mm site drilling when compared with
3.25 mm and 3.5 mm. (mean 6 95% CI).
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designs are proposed to reach the pri-
mary stability, considered as a key-
factor for osseointegration and allowing
immediate loading.27 In fact, absence of
initial insertion torque can lead to the
regular high osseointegration success
rates in clinical studies,28 but the sce-
nario of immediate loading requires
high degrees of primary stability,29

something often times wrongly associ-
ated with high insertion torque values.
Preclinical and clinical evaluation of
implant initial stability has previously
been performed by different methods
that include resonance frequency anal-
ysis, implant stability quotient, inser-
tion torque, and removal torque.30–33

Although all of these methods are indi-
cators of implant stability potential,
none of them has the ability to deter-
mine the degree of implant resistance
to micromotion known to influence
the process of osseointegration.

A multitude of previous studies
have demonstrated the relationship
between drilling dimension and
implant macrogeometry in a variety
of early healing scenarios.8,19,34–38

Such a scenario has been the subject
of recent reviews on bone healing path-
ways as a function of the dimensional
interplay between implant and surgical
instrumentation dimensions, where re-
gions of compressed bone (in intimate
contact with the implant) undergo
interfacial remodeling; at the same
time, which regions where healing
chambers are formed undergo rapid
intramembranous-like healing without
the need of a cell-mediated interfacial
remodeling that results in varied de-
grees of stability loss as osseointegra-
tion is established.21,39 This study
evaluated how insertion torque, heal-
ing mode, and osseointegration indica-
tors varied as a function of drilling
dimension for an implant system pre-
senting a progressive thread design
macrogeometry that aims to maximize
implant primary stability.

As previously described in our
previous investigations concerning
a different implant design, our results
depicted an inverse linear relationship
between insertion torque and drilling
dimension.19,35 However, different than
our previous investigations that showed
interfacial remodeling as the chief

osseointegration pathway for implants
more tightly fit into their respective os-
teotomies, this study revealed a scenario
where healing chambers formed regard-
less of instrumentation diameter. The
presence of these healing chambers to
lower or higher degrees depending on
surgical instrumentation diameter is
related to the low implant inner thread
diameter and allowed a healing path-
way recently coined as hybrid healing,
where rapid intramembranous-like
bone formation occurs within chambers
in tandemwith interfacial remodeling at
regions where bone was primarily
engaged/compressed by the implant.
Also, different from our previous stud-
ies, despite the high degree of engage-
ment between implant bulk and bone
for the 3.0 mm and 3.25 mm osteoto-
mies, substantially lower degrees of
bone resorption were observed at 3
weeks at regions where bone was pri-
marily engaged by the implant immedi-
ately after placement, indicating that the
presence of healing chambers of varied
sizeswas relatively effective in decreas-
ing the excessive bone compression
levels observed for other implant hard-
ware at 3 weeks in vivo (Fig. 2). Such
observation is of paramount importance
if one is attempting to minimize interfa-
cial remodeling in an attempt to sub-
stantially decrease or potentially
eliminate implant stability dip after
placement for an atemporally stable
healing scenario.

CONCLUSION

Given the histomorphologic re-
sults observed for the different groups,
the osseointegration indicators, BIC,
and BAFO quantified in this study,
tend to be statistically equivalent for all
groups (which was not surprising), and
further support the reduced amount of
interfacial remodeling along with the
intramembranous-like bone formation
observed within healing chambers of
varied size. The favorable healing
observed for the 3 groups when one
regards the development of atempor-
ally stable implant systems warrants
further investigation in an attempt to
determine the optimal drilling dimen-
sion that will lead to the highest
degrees of implant stability over time

once biomechanical assessment was
not performed in this study.
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