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The world of osseointegration has moved forward as a
courtesy of the recent technological revolutionwhich has pre-
sented itself in many forms, one of which is the introduction
of new implant geometries and surfaceswhich is changing the
surgical protocols, making everything easier, faster, andmore
predictable.

In fact, new implant macrotopographies have been intro-
duced aiming to allow clinicians to obtain better and more
predictable primary stability, therefore using dental implants
as a solution to more challenging cases (such as areas of
poor bone quality and/or in fresh postextraction sockets),
with the possibility of anticipating nonconventional loading
scenarios of the prosthetic superstructure, with the aim to
provide positive patients outcome based on obtaining pre-
dictable short- and long-term results. Immediate placement
of dental implants in fresh extraction sockets is usually
highly appreciated protocol by patients, as it can provide
satisfactory restorations at fraction of trauma, time, and
cost. Similarly, the possibility of speeding up fitting the
prosthetic superstructure is appreciated by patients, because
it reduces treatment time and the related costs; in addition,
it allows patients to avoid the discomfort and embarrassment
of having to use provisional removable dentures during the
healing period, with functional and aesthetic benefits.

In order to accelerate the bone healing processes, new
implant micro- and nanotopographies have been introduced
in the market. In fact, new surface treatments allow us to
obtain micro- and nano-rough implant surfaces, character-
ized by a controlled micro- and nanotopography, able to
geometrically stimulate and accelerate the bone healing pro-
cesses: this can effectively enhance osseointegration, reducing

healing times. These are important applications, in dentistry,
of the tissue engineering concepts.

In the present thematic special issue, we have gathered
several well conducted scientific and clinical papers that
examine and describe the above concepts. This thematic
special issue features a series of clinical studies on the effects
of new implant macrotopographies on the implant stability,
survival, and success in the short and long term. Moreover,
we have collected a series of scientific articles (in vitro studies
on cell cultures, in vivo animal histologic/histomorphometric
studies, in vivohumanhistologic/histomorphometric studies,
and clinical studies) on the effects of new macro-, micro-
, and nanotopographies on osseointegration. Finally, we are
delighted that this issue includes the first human histologic
article in the dental literature, reporting on the 5-year results
with an innovative strategy for enhancing aesthetics in
implant treatment in the anterior maxilla utilising the root
membrane/socket shield technique.

Only high quality research and clinical papers have been
selected and published in the present thematic special issue.
We really hope you will enjoy the reading and find it very
interesting.

Francesco Mangano
Hassan Maghaireh
Josè Calvo-Guirado
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Objectives.The present study aims to compare the drilling protocol effect on osseointegration event in three commercially available
titanium dental implants with different drill protocol using a rabbit tibia model. Materials and Methods. Three different drilling
sequences were compared as follows: drilling sequence using a single unique drill of 4.2mm conical implant (Group 1), drilling
sequence using 3 consecutive cylindrical drills for a 4.1mm cylindrical implant (Group 2), and drilling sequence using 3 consecutive
conical drills for a 4.3mm conical implant (Group 3). For each group, 18 drilling procedures and implant placements were
performed, totalizing 54 commercially available titanium dental implants. The samples were removed 6 weeks after implantation.
Resonance frequency analyses (RFA) were performed immediately after the implantation, and at 6 weeks removal torque test (RTt)
and histological analysis were performed. Results. The RFA measured showed statistical difference between the groups in time 1
and no significant statistical differences in time 2 (𝑝 > 0.05). In the RTt no significant difference was found between the 3 groups
tested. Histomorphometric analysis showed no significant difference between groups in the bone-to-implant contact% (𝑝 > 0.05).
Conclusion. In the present preclinical study, osteotomy using a single bur did not show differences regarding the proposed and
evaluated tests parameters for assessing the peri-implant behavior.

1. Introduction

The rehabilitation of tooth loss with dental titanium was
documented and shown to have more than 98% of success
rate [1, 2]. Osseointegration is the first step to the success of
this type of treatment, which was defined as a direct contact
between the bone tissue and the implant without the presence
of fibers (soft tissue) [3]. It has been suggested that success
of osseointegration is related to 6 main criteria: material bio-
compatibility, implant design, surface morphology, condi-
tions of the implanted tissues, surgical technique, and loading
conditions [4]. Among these, the excessive surgical trauma,

prosthesis overload, misfit of suprastructures, or implanted
area with infection can be considered the critical modifiable
factors [5, 6].

Minimizing surgical trauma to bone tissue during the
osteotomy is a controllable factor and may contribute to
the osseointegration success [7]. Therefore, while drilling the
bone, the temperature control during the osteotomies, due
to attrition of burs, can cause tissue alterations and cells
death, mainly damage in the organic portion of bone tissue
[8, 9], may interfere directly in the process of bone healing
(osseointegration), and can induce the crestal bone loss and
to influence implant survival [10–13].
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On the other hand, regarding the implanted material,
there is still a lack of knowledge about the events related
to a bone response in relation to the different surface types
and which would be the most appropriate. Some steps of
the actual biological events are the initial activation of bone
healing around the implants, such as protein adsorption,
interaction between cells and implant surface, migration and
differentiation of progenitor cells, and tissue formation at the
bone-implant interface, supposed to be affected by the surface
morphology of the implant and its physicochemical structure
[14–17]. In addition, the initial stability of the implant is
directly linked to its macro design, such as cylindrical or
tapered design, its length and diameter, and the type of turns
and the distance between them. All these factors may act
positively or negatively on implant locking in bone tissue
[18]. In this regard, Gehrke et al. [19], published a study that
showed measurements of the insertion torque value (ITV),
implant stability quotient (ISQ), and precision of osteotomy
using conventional and simplified (a single drilling step is
used) drilling systems, and the evaluation showed that the
hole quality and the ITV promote a significant increase in the
primary stability of the implants. Therefore, the system using
a single drill for the osteotomy showed significantly higher
ITV and ISQ than the systems tested using a multiple-drill
sequence for the osteotomy.

Recently an increasing interest has been shown in the
scientific community regarding the investigation of different
drills design and osteotomy protocols, its results on the bone
trauma control, and consequently its effects on the bone
healing [20–23]. However, there is little information available
in the literature about what should be the ideal progression
for increasing the diameter during osteotomy and/or whether
it should be progressive. However, it was assumed that the
osteotomy was performed by incremental steps, increasing
the drilling diameter slowly and thus minimizing trauma to
the bone tissue. There is little evidence in the literature about
the effects of different milling protocols and which would
be ideal and therefore less traumatic. However, Gehrke [22]
showed in a histological study that the use of new drill
(discardable drill) can promote better results in comparison
with multiple use drills. More recently, Bettach et al. [24]
published a human study where it became evident that the
use of a drilling protocol with a single drill can present a
high success rate of osseointegration of the implants [24].
This type of protocol can bring some important advantages
from the point of view of required working time and mani-
pulation over bone tissue (perforation) when compared to
traditional staggered protocols, which require obviously
longer time steps.Thus, there should be a balance between the
precision in the positioning required by the implant in terms
of the inclination, diameter, and shape of the osteotomy,
thus seeking an ideal anchorage (stability) of the implants
and rationing of the total time necessary to perform it. In
addition, another proposed care was that the final drilling
bur should be shorter; thus, hypothetically, it decreases
the exposure for an extended time and, consequently, the
possibility of generating more heating to the bone tissue. In
this sense, the proposition to investigate the reduction of the
number of drills during implant osteotomy, using a single

Figure 1: Images of the implants used in the study.

drill with high cutting power, was analyzed and compared
with the conventional sequences using multiple drills. This
new methodology and technology tested aim to provide
results similar to the conventional sequence (multiple) used
until today [20–23].

The purpose of this study was to compare, through bio-
mechanical and histological analysis, the effects on the osseo-
integration event using a reduced protocol for osteotomy
(only one drill) with the conventional drilling protocol (mul-
tiple) for implant osteotomy, using a rabbit tibia model.

The null hypothesis was that the use of a reduced protocol
for osteotomy (one drill) did not affect the osseointegration
process of the implant when compared to the osseointe-
gration of implants installed using conventional osteotomy
(multiple drills).

2. Materials and Methods

Fifty-four commercially titanium dental implants with 3
different designs (Figure 1) and drill sequences for osteotomy
protocol (Figure 2) were divided into 3 groups (𝑛 = 18 im-
plants per group):

Group 1. One drill for conical implant with Ø4.2mm and
10mm in length (Implants Diffusion International, Mon-
treuil, France), with recommended speed in 1500 rpm.

Group 2. Sequential drills for cylindrical implant with
Ø4.1mm and 8mm in length (BoneLevel, Straumann, Basel,
Switzerland): Ø2.2mm (800 rpm), Ø2.8mm (600 rpm), and
Ø3.5mm (500 rpm) [25].

Group 3. Sequential drills for conical implant with Ø4.3mm
and 8mm in length (NobelReplace� implant, Nobel Bio-
care, Göteborg, Sweden): Ø2mm (2000 rpm), Ø3.5mm
(800 rpm), and Ø4.3mm (800 rpm) [26].

In Group 1, the implant surface was prepared by sand-
blasting acid (SLA) using blasting with aluminum oxide plus
acids attack and then a thermic treatment (IDI, Montreuil,
France); in Group 2, the implant surface is treated by a
SLA procedure with aluminum oxide for blasting plus acids
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Figure 2: Drill sequences used for osteotomy in the groups 1–3, re-
spectively.

attack (Straumann, Basel, Switzerland); and, in Group 3,
the implants were treated by anodization method (TiUnite�,
Nobel Biocare, Sweden). All implants were purchased from
their local resellers in the same conditions under which they
are marketed for clinical use.

2.1. Animals and Surgical Procedure. Nine New Zealand
white adult rabbits weighing between 4 to 4.5 kg were used
for the present preclinical study. This study was approved by
the Ethics Committee of the Itapiranga Faculty, Itapiranga,
Santa Catarina, Brazil (#004-09-2015). This type of animal
presents adequate conditions for the evaluation of the healing
of the bone tissue around implants [27, 28] and is frequently
used for experimental preclinical studies [23]. To anesthetize
the animals, ketamine 35mg/kg intramuscular (Agener Phar-
maceutical, Brazil) was used plus Rompun 5mg/kg (Bayer,
São Paulo, Brazil). Additionally, Acepran 0.75mg/kg (Univet,
São Paulo, Brazil) was used as tranquilizer. Besides, a local
anesthetic (3% Prilocaine-felypressin, Astra, Mexico) was
subcutaneously administered near of the location of implan-
tation to make vasoconstriction and control the pain. Then,
a tissue incision was made to access the bone, the flap was
lifted exposing the bone tissue, and the perforationswere per-
formed under abundant irrigation using themilling sequence
determined and previously written for each implant model
(each group). One implant of each group was placed in each
tibia (3 per tibia), with the sites being numbered from proxi-
mal to distal as 1–3 (Figure 3), and distributed equally for each
group. The implants were anchored bicortically; however the
cervical portion of all implants was positioned at the level
of the cortical bone. The control of the torque at the level
of 20 ± 5Ncm during the implant insertion was performed
by a manual torquimeter and, finally, the implant stability
quotient was measured. The suture using a 5-0 nylon were
performed with individual simple points. Postoperatively, an
antibiotic dose was administrated (600,000 IUBenzetacil). In
the postsurgery, all animals received the care standardized
by the veterinary hospital, that is, individual places with

Site 1 Site 2 Site 3

Figure 3: Image of the tibia showing the site numeration used to the
implants distribution.

12-hour cycles of light/dark, 21∘C of temperature, and ad
libitum diet. The postoperative period of the animals was
within normality, that is, without complications or adverse
events. Six weeks after the surgery, all were euthanized using
an intravenous overdose of the anaesthetics (2ml of keta-
mine plus 1ml of xylazine). The 2 tibias were removed and
packed in bottles with 10% formalin solution.Then, they were
taken to the laboratory (Biotecnos, Santa Maria, Brazil) for
immediate analysis.

2.2. Resonance Frequency Analysis. Resonance frequency
analysis (RFA) was performed to evaluate the implant sta-
bility. A Smartpeg� (Integration Diagnostics AB, Göteborg,
Sweden) was screwed in the implants with approximately
5N.The implant stability quotient (ISQ) was measured using
the Osstell�Mentor (Integration Diagnostics AB, Göteborg,
Sweden), with the sensor being positioned at a distance of
2 or 3mm from the Smartpeg. The RFA of each implant
was measured immediately after the installation and after the
sacrifice (6weeks).The ISQdata used for each implant sample
was an average of the collected value of 2 directions (proximal
to distal and lateral to medial) (Figure 4).

2.3. Removal Torque Test. Nine implants (3 per group) were
removed in contra-torque. These implants were removed in
site 1 (more proximal site) of the tibia by lot between the
groups. A computerized torque testing machine (CME,
Técnica Industrial Oswaldo Filizola, São Paulo, Brazil), used
in other studies and developed by our group, was used in the
present study [29] (Figure 5). The test speed used was 4 rpm,
the maximum torque values, measured upon initiating the
reverse rotation of each implant, were recorded, and themean
torque for each group was calculated.

2.4. Histomorphometric Analysis. Forty-five osseointegrated
implants (15 per group) were treated by a dehydration proc-
ess in sequential alcohols concentration (50 to 100%) and em-
bedded historesin (Technovit 9100 VLC, Kulzer, Germany).
Then, the blocks with the samples were cut into the portion
corresponding to the center of each implant in slices of
∼50 𝜇m thick using a micrometric cutter (Isomet 2000,
Buehler, Germany). The histological slides were set, abraded,
and polished by a sequence of sticks up to ∼30 𝜇m thick and
finally stainedwith picrosirius hematoxylin and analyzed his-
tologically.

In each sample the bone tissue surrounding the implant
in the cortical bone portion was histologically evaluated, and
the percentage of bone-to-implant contact (BIC%) was made
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(a) (b)

Figure 4: Images showing the 2 directions of the ISQ measurements of each implant. (a) Proximal to distal and (b) lateral to medial.

Figure 5: Image of the computerized torque machine used in the
removal torque test.

using a lightmicroscope (EOS 200, Nikon, Tokyo, Japan).The
measurements of BIC% were performed using the software
Image Tool version 5.02 for Microsoft Windows� on the
digitalized images. BIC% was calculated as the percentage of
bone that was in direct contact with the implant surface.

2.5. Data Analysis. The data were longitudinally compared
among the groups with the Friedman test and one-way
analysis of variance (ANOVA) test for repeatedmeasures.The
Mann–Whitney 𝑈 test was used for the comparative analysis
among the 3 groups in the same test.These statistical analyses
weremade with the computational programGraphPad Prism
5.01 (GraphPad Software Inc., SanDiego, CA, USA).The level
of significance was set at 𝛼 = 0.05.

3. Results

In performed postoperative controls, no healing problemwas
observed, presenting adequate evolution in the weekly evalu-
ations. After sacrifice (6 weeks), all implants were osseointe-
grated. Six weeks after the surgical implantation, all implants
were osseointegrated.

3.1. Resonance Frequency Analysis (RFA). The measured val-
ues and statistical analysis of RFA for the 2 times measured of
the 3 groups are shown in Table 1. Performing the statistical

test within the times (baseline and 6weeks) among the groups
studied, the values showed statistically significant differences
in time 1 (𝑝 = 0.005) and no difference in time 2 (𝑝 = 0.068).
The data distribution in each time of the groups is presented
in the graphs of Figure 6.

3.2. Removal Torque Test (RTt). In RTt, all samples presented
a good stability in the bone tissue. The mean resistance to
removal torque values and standard deviation was 95.7 ±
3.21N for Group 1, 91.0 ± 2.65N for Group 2, and 91.0 ±
3.61N for Group 3. The statistical test showed no differences
between the groups (𝑝 = 0.622).

3.3. Histological Analysis. Histological observations showed
adequate bone organization and mineralization around the
implants at 6 weeks in all groups (Figures 7–9). The BIC%
values measured in the cortical bone portion were 71.7 ±
2.94% for Group 1, 70.8 ± 2.43% for Group 2, and 70.8 ±
3.30% for Group 3. The data analysis did not show statistical
differences between the 3 groups (𝑝 = 0.644).

4. Discussion

Recently, a clinical study evaluation of 350 implants installed
in several clinical procedures showed excellent results using
a single drill system for osteotomy, with 98% of implant
survival [26]. Then, Gehrke et al. [30] investigated the pos-
sible relationship between this good result and the bone heat
generation during the osteotomy (less surgical trauma) and
concluded that this drilling system (using one drill), prepared
to perform the osteotomy for implant placement in a single
drilling maneuver, did not provide temperature rise in bone
tissue compared to drilling systems using a stepped sequence
(multiple drills) for osteotomy of the implant bed. In this
sense, the present biomechanical and histological investiga-
tion in animals was developed to check and conclude if this
protocol using a single drill for osteotomy did not change
the osseointegration events and so this might be a possible
explanation for the success of this technique.
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Table 1: Friedman test of ISQ analysis and measurements at baseline (initial) and at 6 weeks. Results as mean and medians. Mann–Whitney
𝑈 test to compare intragroups (𝑝 < 0.05).

ISQ value Baseline 6 weeks
𝑝 value (intragroup)

Mean ± Sd Median Mean ± Sd Median
Group 1 67.9 ± 2.69 68 78.7 ± 5.41 79 <0.0001
Group 2 66.8 ± 2.83 66 75.1 ± 5.26 77 <0.0001
Group 3 63.8 ± 4.36 65 74.3 ± 5.18 76 <0.0001
𝑝 value (intergroup) 0.005 0.068

75

70

65

60

55

50

IS
Q

 v
al

ue
s

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

Time 1 Time 2
100

90

80

70

60

50

IS
Q

 v
al

ue
s.

Figure 6: Graphs of the ISQ values distribution of the 3 groups in the 2 times (baseline and 6 weeks).

In this histological study, we evaluated the bone response
(osseointegration) of three different implant models with
different osteotomy drilling systems. The findings showed
that the use of only one drill for the osteotomy provided
similar biomechanical and histological response than using
a conventional multiple drilling. In a histological evaluation,
several studies showed that bone tissue behavior in implants
placed with a simplified protocol is similar to the conven-
tional protocol usingmultiple sequential drills [20–23]. How-
ever, even if the considerations seem obvious, the differences
between the osteotomy protocols should be considered as
a possibility of reducing the surgical trauma during the
installation of the implants.

Several investigations have studied the effects of macro
design of implants with regard to the healing and stability
events [31–33]. These modifications in implant macro design
at the beginning were proposed to accelerate the osseointe-
gration of the implants increasing the initial stability and later
increase the rate of contact between bone and implant after
the period of bone healing, which benefits the distribution
of the loads generated when these structures enter into a
masticatory function [34]. In the present study, three implant
designs were used and, although they presented a great
variation in their design, the response was quite similar
between the groups.Thus, it would be possible to suggest that
osteotomymay be the determining factor for obtaining one of
themain requirements for the success of osseointegration, the
initial stability.

By making a relation between the reaction provided by
the type of osteotomy performed and the surgical trauma on

the cortical bone tissue, several considerations can be high-
lighted in order to reduce the possible effects of physical
stress. To reduce surgical trauma during the osteotomy pro-
cedure, several points should be considered: the structural
design of the cutter, such as cutting blade, blade angles,
edging, and dimensions; the speed of rotation, the force to be
exerted (applied pressure), the amount of irrigation, the
maximum torque applied, and the use of sequential diameter
drills or a single step [35, 36]. On the other hand, the varia-
tions presented by the locations where the osteotomies will
be performed, such as bone tissue volume and density, and
consequently the time required for osteotomy execution are
factors that may interfere with the trauma generated during
surgery for the installation of implants.

Two biomechanical tests, removal torque test (RTt) and
resonance frequency analysis (RFA), were used to evaluate
the 3 different implant designs used in this study. The RTt
serves as a parameter to determine the resistance of the con-
nection between the bone tissue and the implant [37, 38], and
the high values of resistance in the counter-torque for implant
removal indicate that there is a high density of bone tissue and
a strong connection between bone and implant [38]. How-
ever, the RFA possibility of measuring implant stability at any
time during implant treatment, without adding load, can be
considered a noninvasive method for this type of evaluation
[39, 40].

Gehrke and da Silva Neto [41] demonstrated in a clinical
human study that the ISQ values have a direct relationship
with the bone density (maxilla and mandible), even though
the measurements show stability values in short periods,
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Figure 7: Histological pictures showing the bone healing around the implant after 6 weeks of Group 1.Magnification: 4 and 100x, respectively.
Picrosirius-hematoxylin staining.

Figure 8: Histological pictures showing the bone healing around the implant after 6 weeks of Group 2.Magnification: 4 and 100x, respectively.
Picrosirius-hematoxylin staining.

Figure 9: Histological pictures showing the bone healing around the implant after 6 weeks of Group 3.Magnification: 4 and 100x, respectively.
Picrosirius-hematoxylin staining.

and the authors concluded that the RFA method is quite
useful as a tool for clinical and noninvasive research and
may help to demonstrate the behavior of implants and their
relationship with peri-implant tissues, especially with respect
to bone tissue. In addition, the clinical observations indicated
that the final healing time was different between the study
participants and the local conditions evaluated. Concerning

the evolution of bone healing (osseointegration), studies have
shown that there is a growing increase in SSI measurements,
which was ∼300Hz per week [42]. The measurements in
present study showed statistical differences between the
groups of ISQ values and baseline values (time 1). However,
in time 2 (6 weeks), no differences were found. Based on
an overall average of the ISQ measured among the first and
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second time, points of all groups, with this variation of RFA,
increased by 14.8%.

The counter-torque analyses of the implants are invasive
biomechanical tests which, as previously described, can de-
monstrate the strength of the union between the implant and
the bone and do not show several differences of the values
in the same animal model [29]. Because the test requires
destruction of the study specimens, in the present study the
measurements were performed in triplicate and the values
showed no significant difference between the groups. On the
other hand, high counter-torque indices were observed in all
samples of the 3 groups studied, and the results found were
consistent with the results of other published studies [29]
and confirm the good surface quality of the implants used in
this study. In the present study, a fully computer-controlled
counter-torque machine has been used, and it has been used
in other studies [29], thus eliminating the possibility of any
distortion in the measurements caused by the operator.

Regarding the surfaces of the implants used in the present
study, basically the surfaces of Groups 1 and 2 are very similar,
being both SLA surface, whose excellent osseointegration of
implants is evidenced by several studies and which offers
predictable long-term results [43, 44]. Similarly, the surface
presented by Group 3 implants (TiUnite) has a proven high
success rate [45, 46]. Therefore, the results presented in the
this study probably had the same stimulus intensity regarding
surface treatment in the 3 proposed groups.

Although the results of this technique are similar to those
found in conventional implants systems, further studies on
the use of single drill for osteotomy should be performed
to investigate the lifetime, the wear of this drills, and the
influence on the implant osseointegration.

5. Conclusion

Within the limitations of this animal study, the findings
showed that a single drill system did not change the biome-
chanical and/or biological of peri-implant tissue response
more than a conventional drilling sequence does while pre-
paring implant site andmay be considered as safe as the latter.
The measured values in all proposed tests showed similar
results for the three implant designs tested in the present
study.
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Background. Scientific evidence in the field of implant dentistry of the past 20 years established that titanium rough surfaces have
shown improved osseointegration rates. In a majority of dental implants, the surface microroughness was obtained by grit blasting
and/or acid etching.The aim of the study was to evaluate in vivo two different highly hydrophilic surfaces at different experimental
times. Methods. Calcium-modified (CA) and SLActive surfaces were evaluated and a total of 18 implants for each type of surface
were positioned into the rabbit articular femoral knee-joint in a split model experiment, and they were evaluated histologically
and histomorphometrically at 15, 30, and 60 days of healing. Results. Bone-implant contact (BIC) at the two-implant surfaces was
significantly different in favor of the CA surface at 15 days (𝑝 = 0.027), while SLActive displayed not significantly higher values at
30 (𝑝 = 0.51) and 60 days (𝑝 = 0.061). Conclusion. Both implant surfaces show an intimate interaction with newly formed bone.

1. Introduction

The clinical success of titanium dental implants is based on
a high percentage of bone/implant contact [1], and for this
purpose, dental implants surfaces have been treated in order
to trigger cellular actions and enhance the proper integration
of the implant with the surrounding bone. Dental implants
with microrough titanium surfaces have paved the way for
further development of surface topographies to promote
an enhanced peri-implant bone apposition during the early
stages of bone formation [2].

Using histomorphometry to measure the percentage of
bone-to-implant contact (BIC) is an established method to
determine the extent of osseointegration and the rate of
healing of dental implants. Experimental studies in animal
models have shown that implants with roughened surfaces
have a better early anchorage in bone tissue and a higher
percentage of BIC than implants with smooth surfaces [3].
These results have also been demonstrated in human studies
[4].

The implant surface roughness has been considered as
one of the most relevant aspects in establishing a clinically
reliable bone attachment [5]. Different methods can be used
to roughen a surface, such as electrochemical deposition,
sandblasting with abrasives, acid etching, or combinations of
such treatments. The increased surface area of such designs
provides a greater potential for cell attachment, and tissue
ingrowth into the implant surface would be expected to
stabilize the device mechanically. Fibroblasts shunned such
roughened surfaces and accumulated on the smooth portions
of the tissue culture dish [6, 7]. In contrast, macrophages
preferred the rough surfaces to the smooth ones, a behavior
that has been described as “rugophilia” [8]. The surfaces
provided for cell attachment can directly affect cell shape
and cell function. Cells grown on grooved substrata are
more round than cells grown on flat, smooth substrata
[9]. A number of cellular properties, including growth [10],
secretion of proteinases [9], and gene expression [11], are
affected by cell shape. The surface texture on an implant has
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the potential of specifically selecting a certain population of
cells and altering their functions [12].

Surface blasting and acid etching can increase the rate
and amount of bone formation on the implant surface [13].
Wennerberg et al. have reported a significantly greater BIC
at 2 and 4 weeks of healing in implants with a chemically
modified sandblasted/acid-etched (SLActive) as compared
with the standard SLA surface [14].Many comparative studies
have been conducted between smooth, sandblasted, and
SLA implant surfaces showing an increase of BIC around
SLA implant surface [15, 16]. In 2011, Wennerberg et al.,
summarizing the current knowledge about the SLA surface,
reported the presence of 15 in vitro studies, 14 in vivo animal
studies, 3 experimental studies in humans, and 16 clinical
trials [17].

The purpose of this study was to compare in vivo the
BIC between two different surfaces using a split implant
design.

2. Materials and Methods

2.1. Surface Preparation by Manufacturer. The two-implant
surface used in this study was prepared by manufactures.The
chemically activated calcium-modified surface (CA) (Osstem
Implant Co., Ltd., Busan, Korea) was prepared by a controlled
process for the protection of carbon adsorption after surface
treatment (test group). The CA surface was prepared by
sandblasting with 250∼500 𝜇mAl

2
O

3
grit and acid etching in

hydrochloric and sulfuric acid according to the proprietary
process. The implants after sandblasting and acid etching
were rinsed under protective environment for preventing
carbon adsorption on Ti surface and then stored in CaCl

2

solution. The process resulted in a more active hydrophilic
surface, with higher surface energy and less hydrocarbon
contamination from atmospheric environment. As a control
group, implants with an SLActive surface are produced using
coarse grit blasting with 0.25–0.5mm corundum followed by
a subsequent acid conditioning with sulfuric and hydrochlo-
ric acids; the implants were then rinsed under nitrogen
protection to prevent exposure to air and are then stored
in a sealed glass tube containing isotonic saline solution
(Straumann, Basel, Switzerland) [18].

2.2. SEM and Electron Spectroscopy Evaluation. Ten implants
SLActive and 10 CA implants were used for the evaluation
of the surface topography by scanning electron microscopy
(SEM, JSM-6480LV; Jeol, Tokyo, Japan) that is character-
ized by a solid state backscattered detector operated in
20 kV accelerating voltage. Instead, the chemical composition
of surfaces was evaluated by electron spectroscopy (AES,
PHI 700; ULVAC-PHI Inc., Kanagawa, Japan) employing
a 10 kV/10 nA electron beam energy to characterize the
near surface (0.5–3.0 𝜇) elemental composition. All dental
implants were taken from their original package directly from
the supplier. Each implant was attached on an aluminum
stub with sticky conductive carbon tape. The surface of each
implant was examined with a field emission environmental
scanning electron microscope. Pictures were taken in both
secondary and backscattered electrons.

2.3. InVivo Experiment. EighteenmatureNewZealandwhite
male rabbits, weighing about 2.5 Kg, were used in this study.
The study was approved by the Ethical Committee of the
University of Chieti-Pescara, Chieti, Italy. A total of 36
implants with two different surfaces, CA Implants (Osstem)
and SLActive (Straumann), were used. Eighteen implants of
each different surface were used. The implants were inserted,
in a random fashion, into the articular femoral knee-joint.
All animals before the surgical procedure were anesthetized
with intramuscular injections of fluanizone (0,7mg/kg b.wt.)
and diazepam (1.5mg/kg b.wt.), and local anaesthesia was
given using 1ml of 2% lidocaine/adrenaline solution. A skin
incisionwith a periosteal flapwas used to expose the articular
surface. The preparation of the bone defect was done with
burs under generous saline irrigation. Each rabbit received
two implants, one in each knee joint. During the course of
the experiment 2 rabbits died; these rabbits were substituted.
The animals were killed after 15, 30, and 60 days, with an
intravenous injection of Tanax. A total of 36 implants were
retrieved.

The implants and surrounding tissues were stored imme-
diately in 10% buffered formalin and processed to obtain
thin ground sections. The specimens were processed using
the Precise 1 Automated System (Assing, Rome, Italy)
[19]. The specimens were dehydrated in a graded series
of ethanol rinses and embedded in a glycol methacrylate
resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany).
After polymerization, the specimens were sectioned, along
the longitudinal axis of the implants, with a high-precision
diamond disc at about 150 𝜇m and ground down to about
30 𝜇m with a specially designed grinding machine (Assing,
Rome, Italy). Three slides were obtained for each implant.
These slides were stained with acid fuchsin and toluidine blue
and examined with transmitted light under a Leitz Laborlux
microscope (Leitz, Wetzlar, Germany).

Bone-implant contact was carried out using a light micro-
scope (Laborlux S, Leitz, Wetzlar, Germany) connected to a
high resolution video camera (3CCD, JVC KY-F55B, JVC�,
Yokohama, Japan) and interfaced to a monitor and PC (Intel
Pentium III 1200 MMX, Intel�, Santa Clara, CA, USA). This
optical system was associated with a digitizing pad (Matrix
Vision GmbH, Oppenweiler, Germany) and a histometry
software package with image capturing capabilities (Image-
Pro Plus 4.5, Media Cybernetics Inc., Immagini & Computer
Snc Milano, Italy). A total of 18 implants for each type of
surface were analysed.

2.4. Statistical Evaluation. To evaluate the differences
between the bone-to-implant contact (BIC) percentages
between the groups, Student’s 𝑡-test was used. Significance
was set at 𝑝 < 0.05.

3. Results

3.1. SEM and X-Ray Spectroscopy Evaluation

3.1.1. CA Surface. Ten micrographs of this surface were
examined. CA surface roughness (Sa) was 2.69 ± 0.31 𝜇m,
with irregularly rounded shape domains (Figure 1). At high
magnifications, an oxide film formed during the acidic
treatment after sandblasting was observed. No microcracks
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Figure 1: SEM analysis of CA (a and b) and SLActive (c and d) surfaces at lower (500x) and higher (2000x) magnifications. Both surfaces
presented an irregular surface, with rounded grooves and craterlike micropores.

on the surface were observed. X-ray spectroscopy (XPS)
analysis indicated increased Ca concentrations on the surface
(2.03%) (Figure 3).

The ions distribution on the surfacewas carbon (C) 2.51%,
sodium (Na) 0%, chlorine (Cl) 4.05%, and titanium (Ti)
93.92% (Figure 2)

3.1.2. SLActive Surface. Ten micrographs of this surface
were examined. The SLActive roughness (Sa) was 2.72 ±
0.28 𝜇m with a hierarchical structure characterized by irreg-
ularly rounded shape domains, incorporating more rounded
grooves with sharp-edged and overhanging craterlike micro-
pores (Figure 1). The smooth and amorphous structure of
the submicron topography observed at high magnifications
is compatible with the oxide film formed during the acidic
treatment after sandblasting.

The spectroscopy analysis allowed an evaluation of the
elements presented on the implant surfaces. The distribution
of carbon was 2.17%, calcium, 0%; sodium, 9.71%; chlorine,
4.21%; and titanium, 99.18% (Figure 2).

3.2. Histological Evaluation. Microscopically, all 36 implants
were well integrated into bone. Implants were in contact with
cortical bone along the upper threads, while the lower threads
were in contact with either newly formed bone or marrow
spaces. Fibrous tissue was absent between bone and implant
surfaces in all the implants of the 2 groups.

3.3. 15 Days

3.3.1. CA Surface. Bone trabeculae could be seen in contact
with the implant surface; numerous osteoblasts secreting
osteoid matrix directly on the implant surface could be
observed (Figure 3(a)). A high number of bone trabeculae
adjacent to the implants was observed. Small newly formed
bone trabeculae, heavily stained with acid fuchsin, were
present in the concavities of the threads (Figure 3(b)). A
few inflammatory cells were present. A few osteoclasts were
observed on the implant surface.

The mean BIC percentage was 21.67 ± 4%.

3.3.2. SLActive Surface. Bone was observed on the implant
surface. Many thin bone trabeculae were present in the
thread concavities (Figure 3(c)). Only a few inflammatory
cells were present. Nomultinucleated giant cells were present
(Figure 3(d)). No mature mineralized bone was observed
in the cortical region, while in the marrow spaces many
osteoblasts secreting osteoid matrix were present. The mean
BIC percentage was 18.5 ± 5.2%.

3.4. 30 Days

3.4.1. CA Surface. Mature bone was observed in direct
contact with the implant surface; few osteoblasts secreting
osteoid matrix were observed on the implant surface. A
higher number of bone trabeculae were observed adjacent to
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Figure 2: Electron spectroscopy analysis of CA and SLActive surfaces. These surfaces presented comparable percentages of titanium.

(a) (b)

(c) (d)

Figure 3: (a) 15-day CA surface. A few newly formed bone trabeculae were present around the implants. Toluidine blue and acid fuchsin 2x.
(b) Higher magnification. A few bone trabeculae were present in the implant concavities. Toluidine blue and acid fuchsin 50x. (d) SLActive
surface. A newly formed bone was present. Toluidine blue and acid fuchsin 2x. (c) Trabecular bone was found in the concavities. Toluidine
blue and acid fuchsin 50x.



BioMed Research International 5

(a) (b)

(c) (d)

Figure 4: (a) 30-day CA surface. Mature bone was present around the implants. Toluidine blue and acid fuchsin 2x. (b) At higher
magnification, more mature bone trabeculae were present around the implant surface (Arrows). Toluidine blue and acid fuchsin 50x. (d)
SLActive surface. Histological pictures showing the mature bone in the implant concavities (Arrows). Toluidine blue and acid fuchsin 2x. (c)
No gaps are present in the implant bone. Toluidine blue and acid fuchsin 5x.

the implants, in comparison with the results observed at 15
days (Figures 4(a) and 4(b)). Some osteoclasts were present
in the bone around the implants. No multinucleated or
inflammatory cells were observed. The mean BIC percentage
was 54.5 ± 5.6%.

3.4.2. SLActive Surface. Compact bonewas present especially
in the area where the implant was in contact with cortical
bone (Figures 4(c) and 4(d)). Small bone trabeculae tended
in many cases to surround almost the whole surface of the
implant. A decreased osteoblastic activity was observed. No
multinucleated or inflammatory cells were observed.

The mean BIC percentage was 56.83 ± 4.6%.

3.5. 60 Days

3.5.1. CA Surface. At low magnification, mature bone with
small marrow spaces could be seen in the cortical portion
(Figures 5(a) and 5(b)). Small bone trabeculae were present
around the marrow spaces. At higher magnification, a large
portion of the implant was lined by newly formed bone. No
connective tissue between the bone-implant interface was
present. The mean BIC percentage was 62.83 ± 5.8%.

3.5.2. SLActive Surface. No histological differences could be
observed compared to the thirty-day observations. Only
a few osteoblasts were present. Mature bone was in close
contact with the implant surface (Figures 5(c) and 5(d)).
Inflammatory cells were present. The mean BIC percentage
was 66.6 ± 3.5.

3.6. Statistical Evaluation. A little statistical difference was
found in the bone-implant contact percentages between the
2 different implant surfaces at 15 days (𝑝 = 0.027) and at 60
days (𝑝 = 0.061), while at 30 days (𝑝 = 0.051) the differences
are borderline

4. Discussion

It is well established that characteristics of the implants
surface, such as nano- and microtopography and physic-
ochemical composition, have a major influence on the
outcome of osseointegration, especially at the histological
level, aiming at biological and morphological compatibilities
[18]. Surface topography and roughness influence the early
healing stages of bone integration. Also, surface properties
such as wettability, topography, and charge are known to
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(a)
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(d)

Figure 5: (a) 60-day CA surface. Histological analysis showed a complete bone organization and mineralization. Toluidine blue and acid
fuchsin 2x. (b) At higher magnification, mature bone (MB) trabeculae were present in the implant concavities and convexities. Toluidine blue
and acid fuchsin 50x. (d) SLActive surface. Mature bone tissue (MB) was observed on the surface of the implants. Toluidine blue and acid
fuchsin 2x. (c) No gaps were present at the implant-bone interface. Toluidine blue and acid fuchsin 50x.

affect endothelial cells attachment and growth, likely by
altering the rate of the amount of adsorbed proteins and their
conformational change [20].

The main idea behind the establishment of such a rough
topography was to increase the surface area of the implant
adjacent to the bone and to improve the cell adhesion
to the surface, thereby achieving higher bone-to-implant
contact and better biomechanical integrity [17]. Also the
chemistry and topography of the dental implant surfaceswere
demonstrated to be able to influence interactions with all
blood components [21]. Literature reports have shown that
the acid etching process can employ either a hydrochloric
acid/sulfuric acid mixture (HCl/H

2
SO

4
) [22–24] or pickling

in 2% hydrofluoric acid/10% nitric acid (HF/HNO
3
) [25].

This treatment changes the chemistry, surface free energy,
and hydrophilicity of an implant surface playing a decisive
role during the initial interaction with proteins and cells in
bone. In addition to increasing surface roughness, surface
blasting and acid etching could remove surface contami-
nants and increase the surface reactivity of the metal. The
osteoblastic cells play a critical role in the early stages of
osseointegration. In the present study, histomorphometry
was used to measure the percentage of bone-to-implant
contact (BIC) to evaluate osseointegration and the rate of

healing of the CA and SLActive surfaces. In fact, BIC is
the most important method to determine the percentage of
mineralized tissues at the interface of implant and bone [26].
The values of BIC found in the present study were similar to
those reported by other authors in vivo studies conducted on
animal models [27, 28]. Similar high levels of BIC were found
along both surfaces.

Osteoblasts were observed on the implant surfaces during
the first healing phase in all histological sections. At 15 days,
the osteoblasts produced osteoid matrix directly on the CA
and SLActive implant surfaces. In the present study, it was
found that the bone formation started preferentially in the
implant thread concavities during the early healing periods.
This result confirmed also the influence of the implant
macrostructure in first phase of healings reported in previous
studies in rabbits [29, 30].

At 60 days, both surfaces demonstrated similar healing
pattern and bone remodeling, with dense and mature bone
deposited upon almost the entire implant surface. A little
significant difference in terms of BIC values was observed
between implants.

Therefore, the use of implants with different shape
and macrodesign had not influenced the bone response.
It has been demonstrated that topography may modulate
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the osteoblast differentiation [31, 32], and rougher surfaces
produced increased degree of bone formation around the
implants, but, on the other hand, in this study no influence
of the macrostructure was observed.

The histological findings showed that both surfaces pre-
sented a similar BIC and appeared to be highly osteoconduc-
tive.

5. Conclusions

Within the limitations of the rabbit model in this study,
the bone-implant contact evaluations indicated that a
good osteoconduction along the CA and SLActive surfaces
occurred during the initial 15 days after implant placement,
and a high BIC was reached for both surfaces after 60
days. These results suggested that both implant surfaces
could be clinically advantageous for shortening the implant
healing period, providing an earlier fixation, and minimizing
micromotion, thus allowing earlier loading protocols and
restoration of function for implants placed in areas with low
density bone.
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Correspondence should be addressed to Aritza Brizuela-Velasco; aritzabrizuela@hotmail.com

Received 23 August 2017; Revised 10 October 2017; Accepted 26 October 2017; Published 29 November 2017

Academic Editor: Francesco Guido Mangano

Copyright © 2017 Aritza Brizuela-Velasco et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

The objective of the study is to characterise the mechanical properties of Ti-15Zr binary alloy dental implants and to describe
their biomechanical behaviour as well as their osseointegration capacity compared with the conventional Ti-6Al-4V (TAV) alloy
implants. The mechanical properties of Ti-15Zr binary alloy were characterised using Roxolid© implants (Straumann, Basel,
Switzerland) via ultrasound. Their biomechanical behaviour was described via finite element analysis. Their osseointegration
capacity was compared via an in vivo study performed on 12 adult rabbits. Young’s modulus of the Roxolid© implant was around
103GPa, and the Poisson coefficient was around 0.33. There were no significant differences in terms of Von Mises stress values
at the implant and bone level between both alloys. Regarding deformation, the highest value was observed for Ti-15Zr implant,
and the lowest value was observed for the cortical bone surrounding TAV implant, with no deformation differences at the bone
level between both alloys. Histological analysis of the implants inserted in rabbits demonstrated higher BIC percentage for Ti-15Zr
implants at 3 and 6 weeks. Ti-15Zr alloy showed elastic properties and biomechanical behaviours similar to TAV alloy, although
Ti-15Zr implant had a greater BIC percentage after 3 and 6 weeks of osseointegration.

1. Introduction

A dental implant is an alloplastic material manufactured
using commercially pure titanium (Ti) alloys that are surgi-
cally inserted into a residual alveolar ridge to provide support
for a dental prosthesis [1].

Of all the available Ti alloys, Ti-6Al-4V (TAV) is themost
commonly used Ti alloy in dentistry. It has an alpha- (Al-)
beta (V) structural combination, with low density and high
resistance to fatigue and corrosion [2].

Recently, certain binary Ti alloy systems, for example, Ti-
Nb, Ti-Hf, and Ti-Ta, have been studied for use in the manu-
facture of dental implants. In particular, Ti-15Zr (Roxolid©)
(Roxolid, Straumann, Basel, Switzerland) has recently been
applied clinically [3]. Roxolid© is an alloy based on a binary
formulation of 83–87% Ti and 13–17% zirconium (Zr) in its
metallic form, not in the Zr oxide form [2].

One of the main advantages of binary alloys over TAV
may be the biocompatibility. Some authors suggested that
TAV corrosion products, especially vanadium, could produce
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cytotoxic and cytostatic effects as well as chromosomal dam-
age [4]. However, a recent clinical study did not find cytotoxic
signals associated with vanadium in the epithelial cells sur-
rounding implants [5]. Considering the different degrees of
biocompatibility associated with different alloys, it is possible
that they also exhibit different biological behaviours after
they are placed in human bone.Therefore, themanufacturing
material of the implant might influence the osseointegration
process itself. In this sense, different biocompatibility values
could translate into higher affinity of the bone to the implant
surface, leading to a higher bone-implant contact (BIC)
percentage. However, there are currently no scientific reports
to support this theory.

The other major characteristic defining Roxolid© is its
improved mechanical properties compared with those of
TAV. The tensile strength of Roxolid© is 953MPa, whereas
that of TAV is 680MPa, and that of the commercially pure
alloy is 310MPa. For this reason, Roxolid© implants have
had indications for direct use for narrow implants, which
are indicated in rehabilitation zones where the available bone
width is poor. This technique enables avoiding the morbidity
associated with guided bone-regeneration surgery [10] and
mechanical complications such as implant fractures.

In addition to mechanical complications, it is important
to consider that one of the most frequent and significant
biological problems associated with implants is marginal
bone loss, which compromises its survival and that of the
prosthesis it supports. Several factors, including the infection
of peri-implant tissues, misfit at the implant-abutment inter-
face, and surgical trauma, as well as biomechanical factors
related to the occlusal load exerted during the masticatory
function and parafunction, can influence crestal bone loss
[11]. With regard to this last biomechanical factor, the influ-
ences of the implant geometry (i.e., its size and shape) and,
to a lesser extent, its elastic properties have been studied.
However, the rigid implant-prosthesis system is subjected to
tension/deformation during load application; therefore, the
elastic behaviour of the implant is key to the magnitude
and distribution of load on the supporting bone and the
adaptive or catabolic response generated [12]. The current
scientific literature includes few studies seeking to demon-
strate whether it is preferable to have a rigid or relatively
elastic alloy for a dental implant or even one with hyperelastic
characteristics regarding the biomechanical aspect relative to
the supporting bone [13–15]. All of these studies have been
based on mathematical models, often with contradictory
results.

Considering this viewpoint, the elastic characteristics
(i.e., Young’s modulus and the Poisson coefficient) of the Ti-
15Zr Roxolid© binary alloy are currently unknown; more-
over, its biomechanical behaviour has not been described.
In addition, not enough information exists regarding the
influence of these binary alloys on the biological behaviours
during osseointegration. Therefore, the current study sought
to characterise the mechanical properties of this binary alloy
and describe its biomechanical behaviour in relation to the
supporting bone and its integration capacity expressed in
BIC percentage compared with a conventional TAV alloy
implant.

2. Materials and Methods

2.1. Mechanical Characterisation of the Ti-15Zr Alloy. An
experimental in vitro study using a sample of two Ti-15Zr
implants (Roxolid, Straumann, Basel, Switzerland; internal
connection, bone level, dimensions = 4.8 × 14mm) was
conducted.

The properties were characterised using an ultrasound
method; thus, it was necessary to machine both implants
of the sample, making two sections perpendicular to its
longitude to obtain a completely solid, homogeneous cylin-
drical geometry with perfectly parallel surfaces, with an
approximate length of 6mm.

Then, the density of both cylinders was determined using
hydrostatic methods according to the following protocol.
Each sample was weighed five times to determine the mass
(𝑚) and its associated error.Then, the sample was submerged
in deionised water with 0.1% surfactant. The pressure was
reduced to 70 kPa for at least 30 minutes to guarantee
the correct degasification. After reestablishing the normal
conditions, three mass measurements were performed with
the sample still in the fluid (𝑚sub). All mass results were
obtained using aCobosweighing balancemodelAW320 (ICT
S.L., Laredo, La Rioja, Spain) with a precision of 0.1mg.

To determine the mechanical properties, ultrasound
pulses were generated, both longitudinal and transverse in
each sample cylinder, using Olympus V110 and Olympus
V156 short-pulse ultrasound receivers, respectively (Olym-
pus Corporation, Tokyo, Japan), with a characteristic fre-
quency of 5MHz. Time-of-flight and measurable bounce
measurements were performed two to seven times using a
Panametrics 5900PR wave generator (Olympus Corporation,
Tokyo, Japan) and a Hameg HM1508 oscilloscope (Hameg
Instruments S.L., Barcelona, Spain). To measure the time-of-
flight of a specific wave train, the first maximum was taken
as a reference and was determined with a precision of 1 ns.
The wave speed was calculated as the slope of the regression
line defined between the time-of-flight of the pulse train (𝑋)
and the length covered (𝑌), requiring at all times a correction
coefficient (𝑟) greater than 0.99999. Figure 1 shows the outline
of the methodology used.

Finally, the elastic modulus was obtained by solving the
following formula:

] = 1 − 1
2
⋅ 1

1 − (𝐶trans/𝐶long)
2
, (1)

𝐸 = 2 ⋅ 𝜌 ⋅ (1 + ]) 𝐶2trans, (2)

where

𝐶trans is the transverse wave speed,
𝐶long is the longitudinal wave speed,
] is the Poisson modulus,
𝐸 is Young’s modulus,
𝜌 is the density of the material (the density value
assumes an isotropic, homogeneous, and nondisper-
sive material. The error was estimated with an error
propagation with a 95% confidence level).



BioMed Research International 3

Hameg HM1508 digitizing
oscilloscope

Panametrics 5900PR pulser receiver

Transducer

Specimen

Personal computer
with labVIEW so�ware

Figure 1: Outline of the experimental workflow for the characterisation of themechanical properties of the Ti-15Zr samples using ultrasound
and an oscilloscope.

Table 1: Length (mm) = length inmmof the sampled Ti-15Zr-machined cylinders.Mass (mg) and submergedmass (mg) = calculated value of
the mass of the sampled Ti-15Zr cylinders: conventional measurement and submerged in water, respectively. Temperature (∘C) = temperature
of the water in which the samples were submerged. Fluid density (g/cm3) = density of the water in which the samples were submerged. Sample
density (g/cm3) = calculated density of the sampled Ti-15Zr cylinders.

Sample Length
(mm)

Mass
(mg)

Submerged mass
(mg)

Temperature
(∘C)

Fluid density
(g/cm3)

Sample density
(g/cm3)

(1) 6.169 ± 0.001 421.6 ± 0.2 332.2 ± 0.5 26.1 ± 0.2 0.99676 4.70 ± 0.003
(2) 6.039 ± 0.003 410.9 ± 0.2 324.3 ± 0.2 26.2 ± 0.2 0.99672 4.73 ± 0.02

Table 1 shows the properties and previous data necessary
to determine the mechanical properties using (1).

2.2. Evaluation of the Biomechanical Behaviour Using Finite
Element Analysis. A three-dimensional (3D) finite element
model was used to evaluate the magnitude and distribution
of tension in the supporting bone of a single implant for both
alloys (TAV and Ti-15Zr). A type II bone of an edentulous
posterior mandibular section was modelled according to the
classification by Lekholm and Zarb [16]. The bone surround-
ing the implant was 23mmhigh and 12mmwide, with a 1mm
thick cortical bone; the remaining bone was trabecular bone.

For the implant design, a standard, internal connection
implant with a polished neck of 2.8mm (Straumann Stan-
dard, Institute Straumann AG, Basel, Switzerland) that was
10mm long, 4.1mm in body width, and 4.8mm in platform
width was used as a reference. The implant’s body was
located within the treated surface below the bone crest in
the cortical bone, leaving the supraosseous polished neck,
thereby simulating the ideal placement of an implant with
these characteristics. The corresponding Ti abutment, for a
cemented retention, with a platform of 4.8mm and a height
of 5.5mm was modelled (RN synOcta, Institute Straumann
AG, Basel, Switzerland) with a Ti retention screw (Figure 2).

A metal-ceramic, Cr-Co alloy crown with a feldspathic
ceramic veneering that was 8mm high, 10.6mm wide, and
3mm thick wasmodelled (1mmCr-Cometallic alloy and 1 to
2mm ceramic veneering) and cemented on the Ti abutment.
The finite element model used is shown in Figure 3.

The properties of all the materials used in the finite
element model were extracted from the literature and are

Figure 2: Modelled implant and abutment, lateral angle.

shown in Table 4, except for Young’smodulus (103.7 GPa) and
the Poisson coefficient (0.334) of the Ti-15Zr implant, whose
values were taken from the previous test using the arithmetic
mean of the results from both samples.

All the materials used in this model were considered lin-
early elastic, homogeneous, and isotropic. An ideal osseoin-
tegration of 100% was assumed for the interface between the
bone and implant. The cement layer between the crown and
abutment was omitted, assuming an exact passive adjustment
and an effective union between both components. The same
model was used for both assumptions for comparison, only
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Figure 3: Final model for the finite element study.

6
∘

150N

Figure 4: Load conditions (i.e., magnitude and direction) tested.

varying the mechanical properties of the implant, thereby
enabling the comparison of the behaviour of the manufac-
tured alloys (TAV and Ti-15Zr).

For both assumptions to be analysed, a 150N load was
applied to the central occlusal fossa of the crown, with a
vestibule-lingual direction at a 6-degree angle relative to the
axial axis of the implant (see Figure 4), thereby simulat-
ing the physiological load conditions of a premolar-molar
mandibular sector [17].

Von Mises stress data and deformation data were col-
lected.

For the finite element model, the commercial software
Ansys 11.0 (Ansys, Swanson Analysis System, Canonsburg,
PA, USA) was employed. The finite element model used was
composed of 33,268 elements and 45,517 nodes. Before solv-
ing the problem, the convergence for forces, displacements,
and moments was checked. One of the main issues to assess
in a finite elements study is themesh size. Differentmesh sizes
and elements were checked without changes in the results.
The increase in the number of elements from the quantity
selected did not result in more stable values for the same

analysis with identical parameters other than finite elements
quantity.

2.3. Analysis of the Osseointegration Capacity Expressed in
the BIC Percentage of Ti-Zr Binary Alloys. Twelve adult
New Zealand rabbits were selected for this in vivo study.
The Ethics Committee of the Facultad de Veterinaria de
la Universitat Autonoma de Barcelona (Veterinary School
of the Autonomous University of Barcelona) approved this
experiment (Ref: 016-134).

In each proximal metaphysis, two identically shaped
implants were inserted (3.5 × 8mm, 1.5mm polished neck,
internal connection, Essential cone, Klockner), with one of
them manufactured using TAV and the other using a Ti-
13Zr binary alloy with 105GPa Young’s modulus (within the
range of the results obtained using the previous ultrasonic
mechanical characterisation test for Ti-15Zr), resulting in a
total sample of 48 implants (24TAVand 24Ti-13Zr implants).

The osseointegration implant behaviour was studied at 3
weeks (12 TAV and 12 Ti-13Zr implants) and 6 weeks after
implantation (12 TAV and 12 Ti-13Zr implants).

After this period, the animals were sacrificed via the
subcutaneous administration of pentobarbital, whose latency
period is at most one minute. Femoral condyles were har-
vested, and the peripheral soft tissue was removed. Sam-
ples were radiographed to localize the implant. Specimens
were fixed for 7 days in 4% formaldehyde neutral solution
and rinsed in water, dehydrated in serial concentrations of
ethanol (from 70% to 100%), and embedded in polymethyl-
methacrylate. Each implant was longitudinally sectioned in
the middle with a diamond circular saw (Leica SP1600,
Wetzlar, Germany). After polishing and sputter coating with
gold–palladium, the surfaces of the blocks were observed via
scanning electronmicroscopy (SEM) (Leo 1450VP,Hamburg,
Germany) using backscattered-electron (BSE) mode at a
magnification of 15x. The BSE mode enabled determining
the Ti implant, host, and newly formed mineralized bone
based on their grey levels. Global histomorphometry was
performed using a custom-made program developed in an
image-processing system (Quantimet 500MC, Leica, Cam-
bridge, UK). The percentage of direct contact between the
mineralized bone and the Ti surface was calculated using a
semiautomatic binary treatment on each image. Bone growth
was also determined inside the four chambers of the cus-
tomized implants. The other part of the block was processed
for histology. Approximately 100mm thick sections were
created using a diamond saw (Leica SP1600, Germany).

The sections were then ground to a final thickness of
approximately 50mm. Qualitative examinations were per-
formed via light microscopy on stained sections (1% methy-
lene blue and 0.3% basic fuchsine).

3. Results

3.1. Mechanical Characterisation of the Ti-15Zr Alloy. Table 2
shows the results obtained for the ultrasonic wave propaga-
tion using the binary alloy samples. Note that no anisotropy
was observed in the transverse propagation of waves during
the experiment.
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Table 2: Measurements of flight speed and longitudinal and trans-
verse bounce of the samples determined using an oscilloscope after
mechanical stimulation using ultrasonic pulses.

Sample Longitudinal wave speed
𝐶long (m/s)

Transverse wave speed
𝐶trans (m/s)

(1) 5.745 ± 13 2.859 ± 1.5
(2) 5.729 ± 24 2.884 ± 28

Table 3: Results of the elastic constants: Young’s modulus (𝐸) and
Poisson coefficient (V) obtained for the Ti-15Zr samples.

Sample Young’s modulus, 𝐸
(GPa)

Poisson coefficient, V
Ad.

(1) 102 ± 0.6 0.335 ± 0.001
(2) 104.7 ± 2.1 0.333 ± 0.003

Table 3 shows the results obtained for Young’s modulus
expressed in GPa using (2) based on the values in Tables 1
and 2. Considering their ranges, the values for both samples
are in agreement with each other.

3.2. Evaluation of Biomechanical Behaviour Using Finite Ele-
ment Analysis. The arithmetic mean of Young’s modulus
from the previous test was used in the following finite element
analysis to describe the biomechanical behaviour of the Ti-
15Zr alloy and to compare it with that of the conventional
TAV alloy.

The maximum and minimum stress values transferred to
the bone and implants during the finite element analysis are
shown in Table 5.

Regardless of the alloy, the maximum stress values trans-
ferred were concentrated on the implants, whereas the Von
Mises stress was transferred to the cortical bone, and even
less was transferred to the trabecular bone, with 5 : 1 and 45 : 1
ratios, respectively, comparedwith the stresses of the implant.

Both the minimum and maximum Von Mises stress
values were lower at the implant and bone levels using the Ti-
15Zr alloy than using the conventional TAV alloy, although
the difference was only marginally significant.

Likewise, when analysing the results of the stress dis-
tribution between both models, no significant differences
were observed (Figures 5 and 6). In both cases, the stress
distribution was primarily observed in the cortical bone
surrounding the implant on the side coinciding with the
direction of the load vector applied. In our experiment, the
vector had a vestibule-lingual direction; thus, the stress was
distributed mostly on the lingual sector of the cortical bone
surrounding the implant. Some residual stress distribution
was also transferred to the bone next to the implant’s apex,
resulting from the compression vector of the load applied to
the model.

Regarding deformation, unlike the transferred VonMises
stress, these values were more homogeneous when compared
between the bone and implant (Table 6). In this case, a higher
deformation value was produced on the Ti-15Zr alloy implant
(84.452 𝜇m), and the lowest value was produced on the
cortical bone surrounding the TAV implant (60.55 𝜇m). The

Figure 5: Stress distribution in cortical bone, trabecular bone, and
the TAV implant model.

Figure 6: Stress distribution in cortical bone, trabecular bone, and
the Ti-15Zr implant model.

differences in the deformation results at the bone level were
not significant, either between the bone types or between the
alloy types.

3.3. Analysis of the Osseointegration Capacity Expressed in the
BIC Percentages of the Ti-Zr Binary Alloys. Figure 7 shows
the differences of the osseointegration analysed using SEM,
expressed in the mean BIC percentage of both alloys (Ti-
15Zr and TAV) as a function of the healing time elapsed
(3 and 6 weeks). Differences between the means of both
alloys were not significant after 3 weeks of healing but
became significant after 6 weeks following implantation, with
a significant increase for the Ti-13Zr binary alloy (𝑝 < 0.005).
Figures 8 and 9 show the cuts on the stained sections using
light microscopy.

4. Discussion

The aims of this experimental study were to establish the
elastic properties of the Ti-15Zr binary alloy and to evaluate
how these properties influence its biomechanical behaviour
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Table 4: Elastic properties of the materials and components modelled and the studies from which they were obtained.The values for Ti-15Zr
correspond to those obtained in the previous ultrasonic elastic characterisation test in our study.

Material Component Young’s modulus, 𝐸
(GPa) Poisson coefficient, V Reference

Cortical bone 15 0.30 Geng et al. [6]
Trabecular bone 1 0.25 Geng et al. [6]

TAV (TAV) Implant 110 0.35 Piconi and Maccauro [7]
Pillar and screw 107.2 0.30 Álvarez-Arenal et al. [8]

Ti-15Zr Implant 103.7 0.334
Cr-Co alloy Crown structure 218 0.33 Álvarez-Arenal et al. [8]
Feldspathic ceramic Crown veneering 65 0.25 Bona et al. [9]

Table 5: Values of the minimum and maximum Von Mises stresses measured in MPa, transferred to cortical bone, trabecular bone, and
implants of both alloys (TAV and Ti-15Zr).

Alloy

Equivalent Von Mises stress
Trabecular
(MPa)

Equivalent Von Mises stress
Cortical
(MPa)

Equivalent Von Mises stress
Implant
(MPa)

Minimum Maximum Minimum Maximum Minimum Maximum
TAV 0.03779 2.038 0.14238 16.945 0.748 91.23
Ti-15Zr 0.03772 2.028 0.14233 16.924 0.726 89.19

Table 6: Total deformation values in cortical bone, trabecular bone, and implants of both alloys (TAV and Ti-15Zr).

Alloy

Total deformation
Trabecular bone

(𝜇m)

Total deformation
Cortical bone

(𝜇m)

Total deformation
Implant
(𝜇m)

Minimum Maximum Minimum Maximum Minimum Maximum
TAV 0 62.516 0 60.55 45.006 83.145
Ti-15Zr 0 60.77 0 62.79 44.957 84.452

relative to the supporting bone. Finally, we sought to deter-
mine the osseointegration capacity of this type of alloy in
an animal model compared with the capacity of TAV, the
conventionally used alloy in oral implantology.

To achieve the first objective, an ultrasound analysis
method was used. Typically, the mechanical characterisation
would be performed using normalized traction tests under
the ASTM-E8 “Standard Test Methods for Tension Testing
of Metallic Materials”; however, the difficulty of obtaining
a cylindrical test specimen of the Ti-15Zr alloy with the
appropriate geometrymade the use of thismethod impossible
for our research group. Although this alternative method
might seem like a limitation, ultrasound is one of the most
widely used nondestructive testing techniques for material
characterisation in engineering, and it is even used specifi-
cally for Ti alloys [18].

To accomplish the second objective, 3D finite element
analysis was performed.The results from this type of test can
be influenced by its design and the simplifications assumed
during its development. In this study, we assumed that
the structures simulated in the models were homogeneous,
isotropic, and linearly elastic. These assumptions might not
reflect reality, especially regarding the nature of the bone.
On the other hand, the occlusal load tested was 150N and 6

degrees from the axial axis of the implant over time, thereby
simulating the mean values collected from patients with
dental implants, assumed to approximate the normal occlusal
force similar to chewing [17, 19]. The load conditions used in
this analysis are limited because highly complex load patterns
are produced during chewing, making them impossible to
reproduce. However, these limitations had to be accepted to
simplify the model and complete the analysis; nevertheless,
they do not differ from the assumptions of other studies with
similar aims that used finite element analysis to evaluate the
stress behaviour in single implant models [8, 20, 21].

Finally, another limitation of this study was the use of
a Ti-13Zr binary alloy in an animal model, which differs
from the Ti-15Zr characterised and used in the finite element
analysis. This alloy was used in the in vivo trial because the
research group was able to use both alloys, TAV and Ti-
13Zr, in identically shaped implants and connections. This
method eliminates the possibility that the differences in BIC
percentage are attributable to a different cause other than the
material or its elastic properties. The differences between Ti-
13Zr and Ti-15Zr cannot be considered significant for either
variable.

Regarding the results of the elastic properties of Ti-15Zr
obtained using ultrasound, both constants obtained (Young’s
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Figure 7: Mean BIC percentage achieved during osseointegration
in an animal model of the TAV and Ti-15Zr implants after 3 and 6
weeks of healing.

Figure 8: Light microscopy image of stained sections of Ti-13Zr
after 6 weeks of implantation.

Figure 9: Light microscopy image of stained sections of TAV after
6 weeks of implantation.

modulus and the Poisson coefficient) can be considered
coherent if the characteristics of Grade IV Ti (𝐸 = 105GPa,
] = 0.34) used by Straumann (Basel, Switzerland) in their
implants and those of metallic Zr (𝐸 = 94.5GPa, ] =
0.34) are considered. These properties result in a binary alloy
whoseYoung’smodulus andPoisson coefficient arewithin the
above values. Otherwise, no significant difference was found
between the values obtained in the test for Ti-15Zr and those
found in the literature for TAV [8].

These minimum differences support the results from the
finite element analysis demonstrating that both Von Mises
stress and the distribution of stress and deformation are
practically identical when comparing both Ti-15Zr and TAV
implant models. For both models, it was confirmed that
the bone load transfer is almost exclusively produced in the
cortical bone surrounding the implant neck, which responds
to an engineering principle known as the “composite beam
analysis.”These results corroborate most of the finite element
studies consulted [22, 23]. This principle states that when
two materials with different elastic behaviour (e.g., bone and
Ti; TAV and Ti-15Zr) are placed in contact and subjected
to load, the stress will only be transferred to the first point
where they are in contact [20, 24]. In this sense, both alloys
diverged from current scientific goals that have attempted
to determine whether a relatively rigid implant, such as a
ceramic Zr implant stabilised with yttrium (Y-TZP; with a
Young’s modulus and a Poisson coefficient of 210GPa and
0.31, resp., [7]), is preferable over a hyperelastic alloy such as
Ti-Nb-Zr with an elastic modulus of 71 GPa and a Poisson
coefficient of 0.32, which is therefore less rigid, to improve
load transference and distribution to the supporting bone,
thereby preventing deformation and bone loss [25].

When assessing the results obtained from studies evalu-
ating the biomechanical behaviour of dental implants with
different elastic properties, other influential variables are
the properties of the supporting bone. Thus, the better
biomechanical behaviour of a more rigid, high elasticity
modulus implant seems to exist when it is surrounded by
cortical bone with similar elastic properties. However, for
a less rigid trabecular bone, we found better biomechanical
behaviour when an implant manufactured employing a lower
elastic modulus alloy is used [13, 14, 26, 27].

Importantly, when the stress/strain values in our test
model were analysed for both alloys, the Von Mises stresses
transferred to the Ti-15Zr implant and its peri-implant bone
were lower than those transferred to the TAV implant;
however, the deformation on the binary alloy and the cor-
tical bone in contact with it was higher. This result might
be explained at the implant level because although small
differences might exist (e.g., Young’s modulus being lower
than that for TAV), the Ti-15Zr implant showed amore elastic
behaviour towards load. This effect has a repercussion on the
cortical bone surrounding the binary-alloy implant because
if the implant deforms further, then the bone should do the
same at the same magnitude to maintain the osseointegrated
union. Nevertheless, this result might be controversial and it
cannot be ruled out that it could be explained as a limitation
of the study, due to the size of the element or the assumption
of maintaining the osseointegrated union.
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Although the absolute values of the finite element analysis
are difficult to extrapolate to a biological model because of
the fundamental simplifications assumed in the design, it
must be noted that the deformation values obtained on the
cortical and trabecular bone for both alloys corresponded to
the values of micromovements described in the literature for
implants exposed to load.Themicromovement of an implant
primarily depends on the deformation of the supporting bone
[28], and it should not exceed the threshold of 50–150𝜇m
[29]. Exceeding this limit could result in a bone deformation
over its yield strength, which could lead to the onset of
microfractures and bone remodelling process. Although it
is known that the tolerated micromotion threshold varies
according to surface state and/or implant design [29], in
the present study only the comparison according to implant
design was evaluated rather than according to surface state,
which could be considered as a limitation of the study.

Therefore, it is understood that the difference between
the bone deformation values found for both models is only
marginally significant.

Although our study did not demonstrate a different
elastic behaviour between Ti-15Zr and TAV (therefore, the
biomechanical behaviours were similar with regard to the
supporting bone), it has been shown that the tensile strength
of the binary alloy is higher than that of TAV [30]. Thus,
more stress is needed for its deformation behaviour to pass
from elastic to plastic. In summary, higher load is required to
produce its mechanical failure.

For this reason, Ti-15Zr was initially proposed for the
manufacture of narrow implants whose fundamental advan-
tage is based onmaintaining a higher bone volume surround-
ing the implant, thereby favouring the long-term stability
of peri-implant tissues. However, narrow implants have a
higher probability of fracture, especially in cases of internal
connection; this is theoretically true, given that the resistance
to fracture via the fatigue of a cylindrical solid object is
determined by its radius and the equation (𝜋/4)𝑟4 [31].
However, when studies reviewing the mechanical/technical
complications of implants are consulted, technical complica-
tions such as the fracture of veneering ceramics (3.5–10.1%)
or the retention loss of prostheses (7.9–8.8%) occur more
frequently than mechanical issues such as implant fracture
(0.18–0.7%) [32, 33].

In this regard, a recently published prospective clinical
study [34] concluded that the use of narrow implants to
rehabilitate lateral superior incisors or inferior incisors is a
safe technique based on its high survival rate (95.88% since
placement and 100% after occlusal loading) and the absence
of peri-implantitis in 100% of cases after 5 years as well
as the total absence of fractures. However, a meta-analysis
published on this subject [35] demonstrated that the survival
rates of narrow implants (<3.3mm) were significantly lower
than those of implants with larger diameters (>3.3mm).

Finally, after analysing the results of the BIC percentage
between the implants of both alloys (Ti-15Zr and TAV)
placed on rabbit tibia, a significant difference was found
between them, with the Ti-15Zr implants having higher BIC
percentages.

This difference represents the higher biomimicry of the
Ti-15Zr alloy, which, by having a lower elasticity modulus
than the TAV alloy and being closer to the elastic properties
of the bone in which they were inserted, produces a better
load transference from the implant’s metallic surface to the
peri-implant bone tissue, thereby producing an improvement
in the osseointegration process. Another factor that might
favour this higher BIC percentage for the Ti-15Zr alloy is that
this alloy has a higher biocompatibility than TAV due to the
removal of elements such as vanadium that could produce
cytotoxic effects [4]; note, however, that this suggestion
remains controversial.

Saulacic et al. [36] obtained similar results to our own in
their experiments on minipigs in which they found signifi-
cant differences between the BIC percentages associated with
Ti-Zr and TAV implants, with a higher BIC percentage for
the former. Nevertheless, the results from other studies have
not found differences in the BIC percentages in relation to
materials with a different elasticity modulus [37, 38].

In this regard, Manzano et al. [39] reviewed the osseoin-
tegration process of ceramic Zr and Ti implants, materials
with large differences in their elastic properties (Young’s
moduli of 200 and 110GPa, resp.), and did not find significant
differences in BIC percentages in 14 of 16 papers. The
remaining two papers reported lower BIC percentages in
ceramic implants and, therefore, a higher elasticity modulus,
corroborating the results obtained in our tests.

Based on these results, more studies comparing the
osseointegration expressed in the BIC percentages of
implants manufactured using different materials with
designs that can respond to the biological or biomechanical
causes of the differences found are needed.

5. Conclusions

Despite the inherent limitations of the methods used, after
analysing the results obtained, we conclude the following:

(1) The Ti-15Zr-manufactured dental implant alloy had
a Young’s modulus between 102 and 104.7GPa and
a Poisson coefficient of 0.33, which were similar to
the elastic characteristics of themore commonly used
TAV alloy but with a higher tensile strength.

(2) No differences exist regarding the values of trans-
ferred stress and deformation magnitude in either
the implant itself or the peri-implant bone when
comparing the Ti-15Zr and TAV alloys using finite
element analysis; however, the results were lower for
the Ti-15Zr alloy.

(3) Under the same implant and prosthesis designs and
the same load applied, no differences were found
in the distribution of the stress to the peri-implant
bone when both manufactured materials were eval-
uated, focusing on the cortical bone surrounding the
implant.

(4) Compared with the TAV alloy, the Ti-15Zr alloy
showed a significantly higher BIC percentage after 6
weeks of osseointegration.
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[14] M. Bankoğlu Güngör and H. Yılmaz, “Evaluation of stress
distributions occurring on zirconia and titanium implant-
supported prostheses: a three-dimensional finite element anal-
ysis,”The Journal of Prosthetic Dentistry, vol. 116, no. 3, pp. 346–
355, 2016.
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[23] O. Kayabaşi, E. Yüzbasioǧlu, and F. Erzincanli, “Static, dynamic
and fatigue behaviors of dental implant using finite element
method,” Advances in Engineering Software, vol. 37, no. 10, pp.
649–658, 2006.

[24] T. Baumeister and E. A. Avallone,Mark’s Standard Handbook of
Mechanical Engineers, McGraw-Hill, New York, NY, USA, 1978.

[25] R. Karre, M. K. Niranjan, and S. R. Dey, “First principles
theoretical investigations of low Young’s modulus beta Ti-Nb
and Ti-Nb-Zr alloys compositions for biomedical applications,”
Materials Science and Engineering C: Materials for Biological
Applications, vol. 50, pp. 52–58, 2015.

[26] E. Pérez-Pevida, A. Brizuela-Velasco, D. Chávarri-Prado et al.,
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Background.The“rootmembrane” (RM) is a technique that has become popular among implantologists for placement of immediate
implants in the anterior maxilla. Purpose. To present histologic evidence of an immediate implant placed in the human anterior
maxilla, according to the RM technique, and retrieved after five years. Methods. A fixture, along with the surrounding tissues,
was retrieved from the anterior maxilla of a 68-year-old patient, who had been treated five years earlier with immediate implant
placement and RM technique.The specimen was processed for histologic/histomorphometric evaluation. Results.The buccal bone
plate was maintained without any resorption; a healthy periodontal ligament was evidenced.The implant showed osseointegration,
with a high percentage of bone-to-implant contact (BIC = 76.2%). With regard to the space between the RM and the implant, the
apical andmedial thirds were filled with compact, mature bone; the coronal third was colonized by noninfiltrated connective tissue.
Conclusions.TheRM technique appears to be effective in preventing bone resorption of the buccal bone plate of the human anterior
maxilla, five years after the placement of an immediate implant.

1. Introduction

To date, the rehabilitation of the anterior maxilla with pos-
textractive single implants represents a successful treatment
procedure characterized by high survival rates, as evidenced
by several short- [1, 2] and long-term [3, 4] clinical studies.

However, this surgical procedure remains complex for
the surgeon because it can be difficult to obtain a pros-
thetic restoration that mimics the emergency profile and the
appearance of the natural, contralateral tooth, in perfect sym-
metry with it [2–4].

In order to achieve a completely integrated restoration
in the aesthetic areas of the anterior maxilla that is indistin-
guishable from the natural contralateral tooth, it is necessary
to preserve andmaintain the architecture of the hard and soft
tissues [5, 6].

Unfortunately, as has been known for some time, tooth
extraction triggers a physiological and unavoidable bone
resorption process: in fact, tooth loss leads to a loss of the
periodontal ligament and the vascular vessels associated with
it [7–9]. Since these vessels help to nourish the buccal bone
plate, especially in the anteriormaxilla where the delicate and
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thin buccal bone receives most of its vascular contribution
from the periodontal ligament, it is intuitive that this loss
inevitably triggers a bone resorption, which is concentrated
in the first four to six months after the extraction [7–9]. This
resorption of the buccal bone plate, whichmay be particularly
marked in relation to the bone anatomy and biotype of the
patient, results in a contraction of the overlying soft tissues
and therefore in an aesthetic problem [4, 7, 8, 10, 11]. In fact,
it can be difficult or impossible for the clinician to fabricate
a restoration that mimics the soft tissue architecture of the
natural, contralateral tooth [4, 8, 10, 11].

Over the years, various surgical techniques have been
proposed to reduce or compensate for the effects of bone
resorption triggered by the tooth extraction and in order
to allow the surgeon and prosthodontist to deliver a single-
tooth restoration capable of perfect aesthetic integration in
the anterior maxilla [8, 12–17]. Among these techniques,
there are several variants of alveolar socket preservation
[13, 14], guided bone regeneration (GBR) with membranes
[15], and/or augmentation procedures with different grafting
materials [16], as well as gingival grafts [17].

All these techniques may, through different methods,
limit or mask the unpleasant effects of bone resorption of the
buccal bone plate (and the related contraction of the overlying
soft tissues), allowing for successful aesthetic rehabilitation in
the anterior areas [8, 12–17]. However, none can completely
eliminate the problem, which is inevitably linked to, and
caused by, the extraction of the tooth [13, 18].

A possible alternative to these traditional techniques is
offered by the so-called “socket shield” technique, introduced
for the first time by Hürzeler and colleagues in 2010 [19].This
technique consists of beheading the crown of the compro-
mised tooth and then sectioning the root mesiodistally; the
palatal portion of the root is then extracted, leaving in situ
the buccal portion, directly in contact with the buccal bone
plate [19]. This portion, defined by the authors as the “socket
shield,” is reduced in thickness, concaved, and left 1mm
above the bone crest, taking care to avoid its mobilization
[19, 20]. Therefore, it is possible to insert a postextractive
implant palatally to the shield, and the gap between the shield
and the fixture may (or may not) be filled with particulate
graft material [19–21].

The purpose of this technique is to maintain and preserve
that portion of periodontal ligament that nourishes the buccal
bone plate, thus avoiding the triggering of the physiological
bone resorption caused by the tooth extraction [19–21]. The
maintenance of the periodontal ligament and hence of the
associated blood vessels can, in fact, prevent resorption of the
buccal bone and therefore the contraction of the overlying
soft tissues [20–22].

The socket shield technique is particularly applicable for
the aesthetic areas of the anterior maxilla, in the case of teeth
that cannot be restored due to traumas (crown fractures)
or destructive caries [22]. Conversely, it cannot be applied
to teeth with present (or past) periodontal disease, or with
mobility or widening of the periodontal ligament. Moreover,
it is not applicable for teeth with vertical root fractures
or horizontal fractures below bone level, or to teeth with
external/internal resorptions [22].

In the last few years, the socket shield technique has
spread rapidly [22], and a number of research groups have
published studies proposing surgical variants [20, 21, 23–27].
However, there is still no consensus as to whether or not the
space between the shield and the implant (if present) should
be grafted. Gluckman et al. [24, 25] who have renamed this
technique “partial extraction therapy” (PET) suggest that if
present, the gap between the fixture and the shield should
always be grafted with particulate graft material. In contrast,
Siormpas and Mitsias [26, 27] support the concept that it
is not necessary to graft this space; in addition, since the
essence of this method consists of preserving the periodontal
ligament and hence the associated vascular contribution, they
refer to this technique with the name “rootmembrane” (RM).

Beyond these studies, it is important to note that scientific
evidence pertaining to this method is currently scarce since
there are only a few clinical studies available in the literature
[20, 23, 26, 27]. Most of these are reports on a small number
of patients [20, 23, 27], and there are only two retrospective
studies with a maximum follow-up period of five years [23,
26]. For this reason, although all the aforementioned clinical
studies report positive outcomes, little is known about the
possible failures and/or complications associated with this
method in the long term [22, 26].

Furthermore, the definitive validation of the effectiveness
of this technique must necessarily go through the evaluation
of the histologic results obtained with humans in themedium
and long term. To date, in fact, there are few histological
reports in the literature, and all these are animal studies
[19, 20, 28].

Hence, the aim of our present study is to present his-
tologic evidence of an immediate implant placed in the
human anterior maxilla, according to the RM technique, and
retrieved after five years of function, with the surrounding
hard and soft tissues. The analysis of a human histologic
sample in which the RM technique has been intentionally
used and the shield has remained in situ for a period of five
years can improve the understanding of the effectiveness of
this new surgical approach in preserving the buccal bone
plate and therefore the aesthetic outcomes.

2. Methods

2.1. Patient Information and Treatment Plan. A 63-year-
old male underwent surgery in January 2012 to replace a
maxillary lateral incisor (#12) no longer restorable due to
a traumatic injury that resulted in a horizontal fracture.
The patient was informed that the fracture made the tooth
unrestorable and was offered different treatment options,
including a traditional bridge on natural teeth (#11–#13) and
a single-tooth restoration supported by a dental implant.
The patient opted for the latter solution and asked to be
treated in a single surgical session, including tooth extrac-
tion and immediate implant placement. At the clinical and
radiographic examination, the residual root (#12) appeared
stable and the bone levels maintained; for this reason, the
surgeon (Konstantinos D. Siormpas) decided to perform an
immediate implant placement with a root membrane (RM)
technique, with the aim of preserving the bone and soft tissue
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levels and therefore achieving a better aesthetic result. Before
the surgery, the patient received a thorough explanation of the
treatment procedure and signed a detailed informed consent
form.

2.2. Immediate Implant Placement with the Root Membrane
Technique. Thepatient was asked to rinse with chlorhexidine
0.2%, 30 minutes before the surgery. Local anaesthesia was
administered by infiltration. The crown of the unrestorable
tooth (#12) was beheaded with a diamond bur under copious
irrigation and then removed. The remaining tooth structure
was then levelled 1mm above the bone tissue crest using the
same bur. The root was next sectioned mesiodistally, using
a carbide bur, and the palatal portion was separated and
gently retrieved using a periotome. The buccal portion of
the root was then concaved and thinned, using a carbide
bur, in order to follow the profile of the buccal bone. Care
was taken during all these procedures not to mobilize the
buccal portion of the root and not to damage the socket
walls. The goal was to have an implant bed consisting of
mesial, distal and palatal, intact, bony walls, with the buccal
wall occupied by the remaining (buccal) portion of the root
comprised, from inside to outside, of a thin layer of dentin,
followed by cementum, periodontal ligament, and bundle
bone. The implant bed was then prepared following the
manufacturer’s suggestions and drilling sequence, palatally
to the RM, keeping the major axis of the tooth as a ref-
erence. Once again, during implant bed preparation, care
was taken not to damage or mobilize the RM. As suggested
in the literature [2–5], in order to obtain adequate primary
stability of the implant within the postextraction socket, the
preparation was extended 2-3mm apically from the alveolus.
Then, the implant (11.5mm in length × 3.5mm in diameter)
was placed, in evident proximity to the retained buccal
tooth fragment. The fixture (Anyridge�, Megagen, South
Korea) inserted in the postextraction socket was conical,
with knife-edge self-cutting threads, designed to improve
primary stability in difficult clinical contexts [29, 30]. In
addition, the fixture featured a nanostructured, calcium-
incorporated surface, obtained through the incorporation of
calcium ions over a classical sandblasted surface (resorbable
blast media—RBM). The calcium ions were incorporated by
means of a hydrothermal method, in order to accelerate the
osseointegration and to improve the bone-to-implant contact
(BIC%) [31, 32]. The fixture was inserted using an implant
handpiece set at 20 rpm. No grafting material was placed
in the space between the implant and the RM. The final
abutment was placed following seating of the implant, and
the fixture was immediately provisionalized with a cement-
retained acrylic interim chairside restoration. Care was taken
to remove all undesired centric/eccentric occlusal contacts.
The patient was prescribed oral antibiotics, amoxicillin +
clavulanic acid 2 g/day, for six days, and analgesicmedication,
ibuprofen 600mg, for two to three days after surgery. The
patient was instructed to avoid any mechanical trauma in the
area for a period of twoweeks and to rinse with chlorhexidine
0.2% two to three times per day, for the same period.

2.3. Specimen Retrieval. The fixture (#12) remained success-
fully in function and under loading for a period of 5 years.

During all these years, the patient regularly attended the
annual clinical follow-up controls and did not complain
of any discomfort of complications to the implant and
prosthetic restoration. A few days after reaching the fifth year
from the prosthetic loading, unfortunately, the patient was
the victim of a serious car accident and reported multiple
fractures of the craniomaxillofacial district. In the context
of a maxillofacial surgical intervention for repositioning and
recomposing the fractured bones, it was necessary to remove
a small maxillary bone portion that also included the area of
the implant. This area appeared intact; therefore the fixture
and the surrounding hard tissues were subjected to histologic
examination. All procedures were carried out according
to the statements/principles of the Declaration of Helsinki
for medical research involving human subjects (revision of
2008).

2.4. Specimen Processing. The fixture and the surrounding
hard tissues retrieved after a period of five years after
loading were treated and processed as previously reported
[31, 32], in order to facilitate histological evaluation by optical
microscopy. First, the histologic specimen was washed with
saline and fixed with 0.1% glutaraldehyde/4% paraformalde-
hyde in a 0.15mol/L cacodylate buffer; during this process,
the pH was kept at 7.4 and the temperature at 4∘C. Next, a
cutting machine (PreciseAutomatedOne�, Assing Technolo-
gies, Rome, Italy) cut thin sections that were dehydrated in
a series of ascending alcohol rinses, inserted in resin gly-
colmethacrylate (Technovit7200VLC�, Heraeus, Wehrheim,
Germany) and polymerized. Diamond disks and grinding
machines were then used to cut the specimens to 30 𝜇m.
Then the sections were stained with acid fuchsin and tolui-
dine blue and evaluated under a polarized-light microscope
(LaborluxS�, Leitz,Wetzlar, Germany).The BIC%, which was
defined as the amount of mineralized bone in close contact
with the surface of the fixture, was measured all around
the implant surface with histomorphometry, as previously
reported [31, 32]. In brief, the microscope was connected
to a high-resolution camera (JVC3CCDJVCKYF55B�, JVC,
Yokohama, Japan) interfaced to a powerful computer (Pentiu-
mIII1200MMX�, Intel, Santa Clara, CA, USA). A digitizing
pad (D-Pad�, MatrixVision, Oppenweiller, Germany) was
also employed in association with the aforementioned optical
system, along with a histometry software package, capable of
capturing images (ImageProPlus4.5�, Immagini&C, Milan,
Italy).

3. Results

The retrieved tissue sample, which included the implant, the
rootmembrane, the space between them, and the buccal bone
plate, appeared intact. Only palatally to the fixture, and in the
most coronal area, did it appear evident that the trauma had
detached the surface of the implant from the palatal bone;
that area was of less importance for the present histologic
evaluation and, therefore, the sample could be considered
in perfect condition for histologic and histomorphometric
analysis.
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Figure 1: Trabecular, mature bone at the interface of the implant
was observed. The bone was present between the implant and the
root. The root membrane and the buccal bone plate appeared intact
without any signs of resorption. Acid fuchsin-toluidine blue 12x.

Figure 2: Compact bone in the medial thirds and apical portion of
the implant were evident. No gaps were present at the interface. Acid
fuchsin-toluidine blue 40x.

Thehistologic analysis of the human sample revealed that,
after 5 years from the placement of an immediate implant,
buccal bone plate was perfectly maintained without any
evidence of resorption; the buccal bone plate was supported
and nourished by a healthy, intact periodontal ligament.
At low magnification, the implant showed osseointegration,
with a high amount of compact, mature bone on its surface
(Figure 1).

With regard to the space between theRMand the implant,
the apical and medial thirds were filled with compact,
mature bone (Figure 2); the coronal third was colonized by
noninfiltrated connective tissue (Figure 3).

The root had no signs of resorption, although in the
apical portion it was in direct contact with the implant
surface. Interestingly, in this area, it was possible to note
cementum migrated from the residual root to the implant
surface (Figure 4).

The histomorphometrical evaluation showed a bone-to-
implant contact of 76.2%.

4. Discussion

The new technique known as “socket shield” or “root
membrane” (RM) is becoming more popular and is thus

Figure 3: In the coronal portion, between the root and the implant,
connective tissue without inflammatory infiltrate was present. Acid
fuchsin-toluidine blue 40x.

Figure 4: In the apical portion of the root, it was observed that the
cementum migrated from the residual root to the implant surface.
Acid fuchsin-toluidine blue 40x.

increasingly used by clinicians around the world as a strategy
to preserve the buccal bone plate after placement of postex-
tractive implants in the aesthetic area of the anterior maxilla
[22]. Clinically, this technique appears to guarantee good
results with high implant survival rates and a low incidence
of complications [20, 21, 23–27]. However, it should be noted
that, in the present literature, only two clinical studies have
been published which include a sufficient number of patients
and a sufficiently long follow-up [23, 26].

Although the clinical results obtained through the RM
technique can be considered promising [23, 26], it is impor-
tant to note that only a careful histological evaluation can
confirm the validity of this technique, that is, the ability of the
socket shield to protect the delicate buccal bone plate from
resorption, in the medium and long term [22].

Unfortunately, to date only a few histological studies on
the RM technique are available in the literature [19, 20, 28].
All of these are animal studies, and only one is based on a
sufficient number of samples [28], since the others are reports
of single cases [19, 20]. In addition, there are no histologic
studies available with a longer follow-up period, as all the
researches present in the literature are based on specimens
retrieved only three to four months after implant placement
[22].
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In the first histologic report, Hürzeler et al. [19] demon-
strated that retaining the buccal portion of the root during
implant placement can preserve the buccal bone plate from
resorption, without interfering with osseointegration. The
authors proceeded as follows: first, they hemisected the third
and fourth mandibular premolars (P3, P4) of a Beagle dog,
keeping only the buccal fragment of the distal roots in situ,
1mm coronal to the bone level [19]. Then, they inserted
four implants, with each fixture placed lingually to the root
fragment, with or without contact with it [19]. The gaps
between the implants and the fragments were filled with an
enamelmatrix derivate, and healing abutments were attached
[19]. Four months later, the dog was euthanized and histo-
logical specimens were retrieved for analysis. The histologic
evaluation revealed that all fixtures were osseointegrated,
without any detectable inflammatory reaction or resorp-
tion/mobility of the root fragments [19]. On the buccal side,
the root fragment was attached to the buccal bone plate by
means of a healthy periodontal ligament; on the lingual side,
newly formed cementum was evidenced [19]. Finally, in the
areas of contact between the fixtures and the fragments, new
cementum was detected [19].

Bäumer et al. [20] performed a histologic study on three
Beagle dogs.They hemisected the clinical crowns of the third
and fourth maxillary premolars (P3, P4) and they removed
the entire crowns as well as the distal root [20]. Then, they
prepared the implant bed into the distal root so that a buccal
segment of healthy tooth structure could remain in situ [20].
This segment was separated in a vertical direction into two
pieces and the implants were inserted lingually [20]. Four
months later, the animals were euthanized and the histologic
samples were retrieved for analysis [20]. The authors found
that the socket shield technique did not interferewith implant
osseointegration, with bone formation between the implant
surface and the shield; a healthy periodontal ligament was
preserved on the buccal side,with no osteoclastic remodelling
of the coronal part of the buccal bone plate [20]. Accordingly,
the authors concluded that thismethodmay be a valuable tool
for preservation of the buccal bone plate from resorption [20].

Guirado et al. [28] performed a histologic animal study
in which 36 implants were inserted in the mandible of six
American Foxhound dogs, following the principles of the
“root-t-belt” technique [28]. The root-t-belt technique is
a modification of the technique proposed by Cherel and
Etienne [33], in which the sectioning of the root is vestibular-
lingual, preserving the proximal remainder of the root to
protect the papilla. With the root-t-belt technique, the fixture
is surrounded by root remnants, creating a belt-like structure
that prevents displacement, and preserves the peri-implant
bone over time [34]. In brief, the clinical crowns of the dog’s
third and fourth premolars (P3, P4) and the first molars (M1)
of the dog’s mandibles were beheaded and the roots were
worn down and located at the bone crest level [28]. Implant
beds were prepared in the centre of the roots, passing by
3mm apically, and forming six groups in accordance with
the remaining root thickness and remaining bone [28]. The
implants were placed and, after three months, the dogs were
euthanized and histologic/histomorphometric analysis was
performed to investigate the stability of the crestal bone, as

well as the buccal/lingual bone thickness at the implant shoul-
der [28]. At the end of the study, all fixtures were osseointe-
grated but three samples showed an inflammatory reaction,
and some radicular fragments presented a small resorption
process [28]. However, the radicular fragments were firmly
attached on the buccal and lingual sites by means of a
physiological periodontal ligament that was maintained; the
preservation of the periodontal ligament contributed to stable
peri-implant bone levels, with no bone resorption [28].
Finally, where spaces were present between the fixtures and
the remaining root fragments, new bone formation was evi-
denced [28]. The authors concluded that this surgical variant
of the socket shield technique may help in preserving bone
and soft tissue stability, with the potential to provide aesthetic
benefits when applied to patients [28].

Although all of these studies have somehow proved the
validity of the technique and the ability of the rootmembrane
to preserve the bone plates, avoiding the triggering of the
bone resorption processes [19, 20, 28], it should be stressed
that the evidence emerging from these researches should be
considered weak, for several reasons.

First, such studies were conducted on animals, and it is
not possible to directly transfer the conclusions of animal
studies to the clinical context (with humans). Second, the
set-up and design of these studies were different from each
other, since they introduced surgical variants to the technique
originally described by Hürzeler et al. [19] and revisited by
Siormpas and Mitsias [26, 27]. Third, only a few histological
samples were analyzed and after a short period of time
(three to four months) from implant placement. This period
is certainly useful for studying the early osseointegration
phenomena but it does not help to clarify what may happen
to the buccal bone plate in the long term, nor does it help
to understand what phenomena can occur at the interface
between the root membrane and the implant surface over
time. Finally, for a careful evaluation of the phenomenawhich
occur within the tissues over time, it is crucial that a human
histologic sample be taken in a case where the RM procedure
was intentionally performed. There is, in fact, evidence in
the past literature of the integration of dental implants in
direct contact with root portions casually left in the bone [35–
37]; however, the data emerging from these studies should
be interpreted with caution, precisely because the procedure
took place unintentionally.

In our present study, the histologic analysis of a human
sample retrieved after 5 years from placement of an imme-
diate implant with the RM technique revealed that buccal
bone plate was perfectly maintained without any evidence
of resorption. The buccal bone plate was supported and
nourished by a healthy, intact periodontal ligament. The
implant showed osseointegration, with a high amount of
compact, mature bone on its surface; the histomorphometric
analysis found a bone-to-implant contact percentage (BIC%)
of 76.2%. Moreover, most of the space between the implant
and the membrane was filled with compact, mature bone,
and only the coronal part (the most coronal implant threads)
showed the presence of a noninfiltrated connective tissue.
Finally, the root itself appeared intact with no signs of resorp-
tion, although in the apical portion it was in direct contact
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with the implant surface. In the most apical portion of the
sample, it was possible to note cementum migrated from the
residual root to the implant surface.

Our study has clear advantages over other histologic stud-
ies published so far in the literature. First, it is a human study:
the evidence that emerges from human histologic studies
has higher value than that emerging from animal histologies
[31, 32, 38]. Obviously, it is very difficult to obtain such human
samples for ethical reasons: in our case, this was possible
due to a severe trauma which occurred to the patient, with
multiple fractures, which allowed the removal, during max-
illofacial surgery for fracture recomposition and fixation, of a
small bone portion. Second, our specimen was retrieved after
five years of function; therefore it allowed us to gather data
on hard tissue stability, as well as on the interface between
the RM and the implant, in the medium term. Third, our
histological study examines the results obtained in a case
where the RM technique was intentionally performed. Our
data, in fact, refer to a postextraction implant performed in
the aesthetic area of the maxilla, according to the conven-
tional RM technique, whichwas intentionally performed. It is
not an occasional finding, obtained by analyzing a histologic
sample in which a fixture was unintentionally placed close to
a root fragment [35–37]. In this specific case, the vestibular
shield was left 1mm above the bone, as originally reported
in the classical socket shield technique. The reason for not
reducing the root to the level of, or even below, the bone crest
was to maintain the dentogingival fibres intact for enhancing
soft tissue aesthetics. In addition, as preferred by the authors
[26, 27], no grafting material was used to fill the gap between
the shield and the implant.Thepresence ofmature connective
tissue in the most coronal part of the space between the
implant and the membrane could suggest the use of grafting
material to prevent this area being colonized by soft tissues
in the immediate postsurgical period. In fact, at this stage,
there is a competition between different tissues to colonize
this space. The use of grafting material could help, but at the
same time it may pose a risk of infection and cause a slow-
down in the healing processes. It is important to note that in
our specimen we found a large amount of mature, compact
bone in the apical and mean portion of the gap between the
membrane and the implant surface; if grafting material is
used, it is difficult to obtain a bone of such quality. In addi-
tion, the connective tissue found in our specimen is nonin-
filtrated, and the absence of inflammation in this area can be
considered a positive aspect.

Our present study has limitations: in fact, it is a report
from one single case, and the analysis of several histologic
specimens would be preferable to drawmore specific conclu-
sions about the effectiveness of the RM technique in preserv-
ing the buccal bone plate over time. In particular, a random-
ized controlled human histologic study would be needed to
positively confirm the validity of this surgical technique, and
to understand whether the use of grafting material in the
space between the membrane and the implant is advisable.
Therefore, further histologic and histomorphometric studies
are needed to investigate the tissues dynamics at the bone-
implant interface.

5. Conclusions

Our present human histologic study supports the assertion
that the RM technique is effective in preventing bone resorp-
tion of the buccal bone plate of the anterior maxilla, five
years after the placement of an immediate implant. This
human histologic evidence that RM can preserve the buccal
bone plate is of great value since it can help validate the
clinical use of this surgical technique to maintain the hard
and soft tissues over time and to optimize aesthetic results.
Further studies will be needed to confirm such evidence and
to understand whether the placement of grafting material in
the space between the membrane and the implant is actually
advisable.
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The benefits and feasibility of platform switching have been discussed in several studies, reporting lesser crestal bone loss in
platform-switched implants than in platform-matched implants.Objective.The aim of the present study was to observe the changes
in vertical and horizontalmarginal bone levels in platform-switched and platform-matched dental implants.Materials andMethods.
51 patients received 60 dental implants in the present study over a 1-year period. Measurement was performed between the implant
shoulder and the most apical and horizontal marginal defect by periapical radiographs to examine the changes of peri-implant
alveolar bone before and 12 months after prosthodontic restoration delivery. Results. These marginal bone measurements showed a
bone gain of 0.23 ± 0.58mm in the vertical gap and 0.22 ± 0.53mm in the horizontal gap of platform matching, while in platform
switching a bone gain of 0.93±1mm (𝑃 < 0.05) in the vertical gap and 0.50±0.56mm in the horizontal gap was found.The average
vertical gap reduction from the baseline until 12 months was 0.92 ± 1.11mm in platform switching and 0.29 ± 0.85mm in platform
matching (𝑃 < 0.05). Conclusions.Within the limitations of the present study, platform switching seemed to be more effective for
a better peri-implant alveolar bone vertical and horizontal gap reduction at 1 year.

1. Introduction

Dental implant therapy is considered an appropriate treat-
ment for edentulous and partially dentulous patients since
Dr. Brånemark began performing dental implant operations
on edentulous patients in 1965. In addition, it has become
the ideal method of oral rehabilitation after missing natural
dentition and has been recognized as a reliable and predict-
able tool for dental reconstruction, necessitating thatmultiple
factors are reached for long-term treatment success and
esthetics.

Evaluation of circumferential bone loss around dental
implants by using periapical radiographs has been frequently
used in routine clinical practice to prevent treatment failure
and ensure favorable long-term prognosis. This method of
evaluation has been debated, where certain authors have
reported bone reabsorption rates around dental implants: for
example, Adell et al. [1] reported that radiographic crestal
bone loss during the first year after abutment connection
was 1.2mm, with a mean vertical bone loss of <0.2mm
annually following function, in both mandible and maxilla.
Subsequently, Albrektsson proposed that a dental implant can
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be considered successful if the peri-implant crestal bone loss
in the first year is <1.5mm, and the ongoing annual bone loss
is <0.2mm [2]. Moreover, findings from several other studies
have indicated that the long-term results of endosseous
implants primarily depend on preservation of bone support
[3–7]. Therefore, the maintenance of osseointegration and a
stable marginal bone level is necessary for the success of a
dental implant.

Gardner, Porter, and Lazzara introduced the concept of
platform switching, by which a larger-diameter implant is
combined with a narrower abutment, resulting in movement
of the implant-abutment gap away from the implant shoulder.
The benefits and feasibility of platform switching have been
discussed in several studies, reporting lesser crestal bone
loss in platform-switched implants than in platform-matched
implants [8–14]. Some of the reasons for the success of
platform-switched implants in terms of minimum crestal
bone height changes include implant loading and concentra-
tion of forces, the countersinking procedure during implant
placement, and localized soft tissue inflammation [13].

The aimof the present studywas to observe the changes in
both vertical and horizontal marginal bone defect measured
between the implant shoulder and the most apical and
horizontal marginal defect by using periapical radiographs to
examine the changes in mesial and distal peri-implant alveo-
lar bone before and 12months after prosthodontic restoration
delivery between platform-switched and platform-matched
dental implants.

2. Materials and Methods

2.1. Patient Selection. Patients requiring single-tooth extrac-
tion were selected according to the following selection cri-
teria: good systemic health; nonsmoking or smoking ≤ 10
cigarettes/day; good oral hygiene; full-mouth plaque score
(FMPS) ≤ 25% at baseline; full-mouth bleeding of probing
(FMBS) ≤ 25% at baseline; probing pocket depth (PPD)
at six aspects of the teeth adjacent to the implant site ≤
3mm; periodontal attachment level (PAL) at six aspects of the
teeth adjacent to the implant site ≤ 2mm; absence of active
infection around the surgical site; presence of natural teeth
adjacent to the implant site; adequate bone tissue to ensure
implant primary stability; presence of keratinized tissue (KT)
≥ 2mm; stable posterior occlusion; absence of parafunctional
habits (bruxism, clenching).

The exclusion criteria were as follows: patients with any
local or systemic disease, smoking more than 10 cigarettes/
day, betel nut or tobacco chewing, alcoholism, pregnancy or
breastfeeding, long-termoralmedications, oral parafunction,
nontreated periodontal disease; inadequate bone volume;
inability to maintain obligation to implant treatment and
maintenance; and inability or reluctance to provide informed
consent.

2.2. Surgical Procedure. This retrospective clinical study was
performed in compliance with good clinical practice and
the principles outlined in the Declaration of Helsinki, last
revised in Edinburgh in 2000. All protocols were reg-
istered and approved by Taipei Medical University Joint

Institutional Review Board (approval number 201301034).
The study patients were aged between 28 and 80 years.
Dentium implants were early placed 6 weeks after tooth
extraction. Patients received local anesthesia, a midcrestal
incision was performed in the edentulous area, and full-
thickness mucoperiosteal flap was elevated. Later, following
the manufacturer’s surgical protocol, dental implants were
placed and flaps were sutured. Subjects received postopera-
tive instructions andwere advised to rinsewith chlorhexidine
0.12% twice a day for 10 days, and sutures were removed 2
weeks after. All implants were inserted until the outer edge of
the dental implant reached the marginal bone level, to allow
for the apex of the cover screw to be at level with the bone
crest during the healing period [13]. Surgical and prosthetic
restoration procedures were performed by the same trained
dental surgeon in a total of 51 patients between March 2010
and January 2015 at the Shuang-HoHospital, NewTaipei, Tai-
wan. At 3months after implant insertion, a secondary surgery
following the first surgery protocolwas carried out for healing
abutments insertion, and the end flaps were sutured around
the connected healing abutments. Patients followed the same
postsurgical instructions as the ones given in the first surgery.

The criteria established by Buser et al. (1990) [15] were
used to determine the implants success by defining the fol-
lowing: whether the implant is in situ; no persistent com-
plaints such as pain, discomfort, or paresthesia; no peri-im-
plant infection with suppuration; no mobility of the implant;
no peri-implant radiolucency. Additionally, implant success
was estimated combining the criteria established by Buser
with the criterion of bone loss < 1mm (mean of mesial and
distal measurements).

2.3. Prosthetic Procedure. Implant level impressions were
taken 6 weeks postoperatively to the healing abutment
surgery connection. The permanent metal ceramic crown
was delivered 2 weeks after impressions. Overall, 27 patients
received 30 platform-matched dental implants (diameter:
3.4–4.5mm; length: 9.5–13mm); on the other hand, 24
patients received 30 platform-switched dental implants
(diameter: 3.3–4.8mm; length: 8–12mm), with a horizontal
circular step of 0.6mm between the outer edge of the
dental implant and the narrower abutment. Both groups were
followed up for 12months after the final prosthetic restoration
was delivered. A maximum of 3 implants were placed in one
patient, and each implant was placed in a different quadrant
to replace one missing tooth. Each implant measured at least
3.3mm in width and at least 8mm in length.

2.4. Radiographic Examination. Standardized digital intrao-
ral radiographs were recorded by following the long-cone
paralleling technique, as described by Meijndert et al. [16].
Digital periapical radiographs of the dental implants were
recorded at different time points: before loading (baseline);
immediately after loading; and 1, 3, 6, and 12 months after
loading. The implant shoulder was considered as the ref-
erence point for measuring vertical and horizontal dimen-
sions (vertical bone gap and horizontal bone gap) of the
mesial and distal peri-implant marginal bone defect; the
same measurements were used to evaluate bone remodeling
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Table 1: Platform switching (mean ± SD,mm).

Vertical Horizontal
Mesial Distal Mean Mesial Distal Mean

Baseline 2.06 ± 1.28 2.13 ± 1.29 2.09 ± 1.22 1.97 ± 1.39 1.13 ± 0.83 1.55 ± 0.97

Immediately after loading 2.15 ± 1.04 2.16 ± 1.17 2.15 ± 1.01 1.89 ± 1.32 1.25 ± 0.82 1.57 ± 0.89

1 month after loading 1.96 ± 1.12 2.11 ± 1.25 2.04 ± 1.12 1.97 ± 1.2 1.02 ± 0.79 1.49 ± 0.83

3 months after loading 1.73 ± 1.25 1.84 ± 1.14 1.79 ± 1.16 1.63 ± 1.23 0.9 ± 0.72 1.26 ± 0.88

6 months after loading 1.29 ± 1.02 1.3 ± 0.99 1.3 ± 0.94 1.28 ± 1.01 0.63 ± 0.63 0.96 ± 0.56

12 months after loading 1.02 ± 0.99 1.32 ± 1.17 1.17 ± 1.01 1.27 ± 0.85 0.83 ± 0.5 1.05 ± 0.56

Table 2: Platform matching (mean ± SD,mm).

Vertical Horizontal
Mesial Distal Mean Mesial Distal Mean

Baseline 1.14 ± 1 1.33 ± 1.06 1.24 ± 0.86 1.46 ± 1.19 1.2 ± 1.03 1.33 ± 0.82

Immediately after loading 1.16 ± 0.75 1.23 ± 0.76 1.19 ± 0.66 1.63 ± 1.24 1.18 ± 1.02 1.41 ± 0.78

1 month after loading 1.01 ± 0.68 1.23 ± 0.78 1.12 ± 0.63 1.53 ± 1.11 1.04 ± 0.93 1.29 ± 0.72

3 months after loading 1.06 ± 1.02 1.13 ± 0.8 1.1 ± 0.83 1.52 ± 1.24 1.1 ± 0.98 1.31 ± 0.8

6 months after loading 1.01 ± 0.75 1.1 ± 0.9 1.06 ± 0.77 1.51 ± 1.03 0.95 ± 0.79 1.23 ± 0.68

12 months after loading 1.07 ± 0.71 0.96 ± 0.68 1.01 ± 0.58 1.27 ± 0.73 0.95 ± 0.73 1.11 ± 0.53

through the 12 months of follow-up. EZ-Dental professional
imaging software (Asahi Co. Ltd., Tokyo, Japan) was used
for measurements. Results were recorded and collected by
two experienced examiners, different from the dental sur-
geon who performed the implant placement (Figure 1). The
length calibration tool of the EZ-Dental professional imaging
software was used to correct the deviation of the periapical
films. Calibration of periapical films was fulfilled by inputting
the real length of the dental implant. Thereafter, the length-
measuring tool was used to obtain the mesial and distal
measurements of vertical and horizontal bone gaps after
calibration and at 1, 3, 6, and 12 months after loading.

2.5. Statistical Analysis. Descriptive statistics includingmean
values and standard deviations were used. For testing nor-
mality, Jarque-Bera test was used. The analysis was based on
“dental implant” as the unit. Independent and paired sample
t-tests were conducted and comparisons were computed by
means with repeated measures within and between groups,
respectively. Statistical significance was set at 𝑃 < 0.05 for
all statistical tests. All tests were conducted at the 95% level
of confidence. The statistical evaluation of the difference in
mesial and distal marginal bone gap loss was accomplished
with independent t-test. Microsoft Excel Professional Plus
2016 (Microsoft Software, Redmond, WA) was used for all
data analyses.

3. Results

No significant differences in demographic data were found
between the groups. In total, 51 patients (30 men and 21
women) received 60 dental implants in the present study.
Overall, 30 platform-matched implants were implanted in a
total of 27 patients (19 men, mean age: 53.7 ± 19.7 years;
8 women, mean age: 54.2 ± 26 years). On the other hand,

30 platform-switched implants were placed in 24 patients
(11 men, mean age: 53.1 ± 28 years; 13 women, mean age:
54.3±15.7 years). Tables 1 and 2 detail vertical and horizontal
bone gap results in platform-switched and platform-matched
implant groups.

In Table 1, the vertical bone gap variations from platform-
switched implants appear. The mean vertical bone gap in
platform-switched implants was 2.09± 1.22mmmean before
loading; 2.15 ± 1.01mm mean immediately after loading;
2.04 ± 1.12mmmean 1 month after loading; 1.79 ± 1.16mm
mean 3 months after loading; 1.3 ± 0.94mmmean 6 months
after loading; and 1.17 ± 1.01mm mean 12 months after
loading. Statistical analysis showed a statistically significant
difference (𝑃 < 0.05) between the baseline and 6 months and
between the baseline and 12 months in all the vertical meas-
urements (Figure 2(a), Table 1).

Horizontal bone gap variations in platform-switched
implants appear in Table 1. The mean horizontal bone gap in
platform-switched implants was 1.55± 0.97mmmean before
loading; 1.57 ± 0.89mm mean immediately after loading;
1.49 ± 0.83mmmean 1 month after loading; 1.26 ± 0.88mm
mean 3 months after loading; 0.96±0.56mmmean 6months
after loading; and 1.05 ± 0.56mm mean 12 months after
loading. Statistical analysis showed a statistically significant
difference (𝑃 < 0.05) between the baseline and 6 months
and between the baseline and 12 months in all the horizontal
measurements (Figure 2(b), Table 1).

Table 2 shows the vertical marginal bone gap variations
in platform-matched implants during the 12-month study
period. The mean vertical bone gap in platform-matched
implants was 1.24 ± 0.86mm mean before loading; 1.19 ±
0.66mm mean immediately after loading; 1.12 ± 0.63mm
mean 1 month after loading; 1.1 ± 0.83mm mean 3 months
after loading; 1.06 ± 0.77mm mean 6 months after loading;
and 1.01 ± 0.58mmmean 12 months after loading. Statistical
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Figure 1: Radiographic measurements of dental implants. (a) Platform-matched dental implants. (b) Platform-switched dental implants.
VBG: vertical bone gap; HBG: horizontal bone gap.
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Figure 2: Vertical and horizontal gap measurements over 12-month follow-up. Vertical and horizontal mean marginal bone level variations
before and up to 12months after loading. (a) Platform-switching average vertical gapmeasurements during 12months. (b) Platform-switching
average horizontal gap measurements during 12 months. (c) Platform matching average vertical gap measurements during 12 months. (d)
Platform matching average horizontal gap measurements during 12 months.

analysis showed only a significant difference (𝑃 < 0.05) be-
tween the baseline and 12 months in distal measurements
(Figure 2(c), Table 2).

The horizontal bone gap results in platform-matched
implants are displayed in Table 2. The mean horizontal bone
gap in platform-matched implants was 1.33 ± 0.82mmmean

before loading; 1.41± 0.78mmmean immediately after load-
ing; 1.29±0.72mmmean 1month after loading; 1.31±0.8mm
mean 3 months after loading; 1.23±0.68mmmean 6months
after loading; and 1.11 ± 0.53mm mean 12 months after
loading. Statistical analysis showed no statistically significant
differences between the baseline and the rest of the time
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Figure 3: Vertical and horizontal bone gain over 12-month follow-up. Vertical and horizontal bone gain in marginal bone defects before and
up to 12 months after loading. (a) Platform matching vertical bone variations average measurements. (b) Platform matching horizontal bone
variations average measurements. (c) Platform-switching vertical bone variations average measurements. (d) Platform-switching horizontal
bone variations average measurements.

points in any of the horizontal measurements (Figure 2(d),
Table 2).

These marginal bone measurements showed a bone gain
of 0.23 ± 0.58mm in the vertical gap and 0.22 ± 0.53mm
in the horizontal gap of the platform matching, while in the
platform switching a bone gain of 0.93 ± 1mm in the vertical
gap (𝑃 < 0.05) and 0.50 ± 0.56mm in the horizontal gap was
found. Only a statistically significant difference was found
comparing bone gains in the vertical gap between the two
groups (𝑃 < 0.05) (Figure 3).

The average vertical gap reduction from the baseline until
12 months was 0.92 ± 1.11mm in platform switching and
0.29±0.85mm in platformmatching (𝑃 < 0.05).The average
horizontal gap reduction from the baseline until 12 months
was 0.50±0.87mm in platform switching and 0.22±0.58mm
in platform matching (Figure 4).

4. Discussion

The aim of this study was to evaluate the changes in
both vertical and horizontal bone gaps between the peri-
implant crestal bone and the dental implant surface. Peri-
apical radiographs were used to examine the peri-implant
alveolar bone changes before loading and 12 months after
the final prosthodontic restoration was delivered. Clinically,
all implants exhibited osseointegration, with a 100% success

rate. The short-term survival rate in the present 1-year
retrospective studymight justify the expectation of successful
long-term survival, as there is sufficient evidence that implant
losses mainly occur within he first month after placement
[17]. Overall, both platform-switched and platform-matched
implant groups exhibited reduced vertical and horizontal
gaps at the end of the 12 months. On comparison, the
mean marginal bone gaps showed more reduction in the
platform-switched dental implants, with only statistically
significant differences between the two groups at the end of
the 12 months in the vertical measurements, where platform-
switched implants presented more mean reduction in the
vertical marginal bone gap (0.93 ± 1mm) than the platform-
matched implants did (0.29 ± 0.85mm). Similar results have
been reported in previous studies, wheremarginal bone levels
were bettermaintained in platform-switched implants [18]. In
addition, the platform-switching concept helps obtain satis-
factory long-term esthetic results by the meanmarginal bone
reduction obtained in vertical and horizontal gaps [19, 20].

Previous studies have suggested that the position of
marginal bone after delivery of the final prosthetic restoration
can be determined by several factors that control the crestal
bone levels around dental implants: a minimum of 3mm of
soft tissue, which is necessary for the position of the implant-
abutment junction where cells infiltrate, and its proximity to
the crestal bone and the implant surface topography [13]. In
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Figure 4: Platform matching versus platform-switching average vertical and horizontal gap reduction during 12 months. Vertical and
horizontal gap reduction during 12 months. (a) Average vertical gap reduction at 12 months. (b) Average horizontal gap reduction at 12
months.

the present study, the soft tissue above the dental implant
was not measured because, despite the general suggestion
of a minimum of 3mm of mucosal thickness that allows
the establishment of a biological width, Berglundh and
Lindhe reported greater crestal bone loss when the soft tissue
surrounding an implant was intentionally reduced to ≤2mm
[21]. However, more recently, other authors have found only
significant differences in bone loss between switched and
matched sides at a mean of 4.22 (1.50–7.00)mm of soft tissue
thickness [22].Thus, in the present study, we only focused on
bone tissue changes. Despite having a statistically significant
difference observed in the mean reduction in the vertical
gap between the two groups at 12 months from platform
switching over platformmatching, in the horizontalmarginal
bone defect reduction at 12 months, platform switching had
0.50 ± 0.87mm reduction while platform matching had
0.22 ± 0.58mm; the comparison between the two reductions
showed no statistically significant difference.

A recent systematic review andmeta-analysis studywith a
total of 26 studies involving 1,511 platform-switched implants
and 1,123 platform-matched implants indicated that platform
switching within 18 months following crown placement had
lower vertical marginal bone loss (0.23mm) compared to
platform-matched implants. After more than 1 year of func-
tion, slight soft tissue loss was observed in platform-switched
implants; hence, the results of soft tissue should be interpreted
with caution for a better long-term successful treatment. The
authors concluded that platform switching may have an indi-
rect protective effect on implant hard tissue outcomes [23].
They also pointed out the difficulty in evaluating the impact
of thick tissue on marginal bone preservation in conjunction
with the platform-switching concept. In accordance with the
systematic review and meta-analysis study, the present study
also had the same tendency with less vertical bone loss in
platform switching than in platform matching.

The implants used in this study were sandblasted with
large-grit and acid-etched surfaces and had been tested
in previous studies, demonstrating good bone-to-implant
contact and clinical performance bymaintaining good crestal
bone height like the results obtained in the present study

[24]. Considering the dental implant design, the implant-
abutment junction was left at the marginal bone level. All
implants had the same design regardless of being used in
the platform-switched or platform-matched groups. Findings
from the present study revealed that although the vertical
and horizontal bone gaps were reduced at the end of the 12
months in comparison with the gaps before loading, there
was minimal marginal bone remodeling in all cases; this
could be attributed to the biological bone remodeling that
occurs in the first year after dental implant loading (Figure 5).
In concordance with results of a systematic review and meta-
analysis study, platform switching for marginal bone preser-
vation around dental implants and an abutment/implant
diameter difference of ≥0.4mm were associated with a more
favorable bone response [25]. Despite the short study period
of 12 months, minimal crestal bone remodeling with bone
gain and marginal bone gap reduction could be noted during
the study, which agrees with results reported by Cappiello
et al. and other authors who conducted studies over longer
time periods, indicating that platform switching seemed to
reduce the peri-implant crestal bone resorption and increase
the long-term predictability of implant therapy [9, 18, 26].

Platform-switched implant procedure presents several
potential disadvantages such as the need for components
that have similar designs (the screw access hole must be
uniform) and the need for enough space to develop an
appropriate emergence profile [19]. This procedure shifts the
stress concentration away from the bone-implant interface,
but these forces are subsequently increased in the abutment or
the abutment screw [27].Thus, the dental implant used in this
study was ideal for this type of approach because of its simple
system of single abutment with internal conical connection
between the implant and the abutment interface, eliminating
any possible disadvantages of platform switching and being
stable with platform matching during the study period.

5. Conclusion

With the limitations of the present study, platform switching
seemed more effective for a better peri-implant alveolar
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Figure 5: Radiographic variations during 12 months after loading in platform-switched dental implants. (a) Baseline, before loading; (b)
immediately after loading; (c) 6 months after loading; (d) 12 months after loading.

bone vertical and horizontal gap reduction at 1 year. Despite
the abutment connection used, the dental implant in the
present study presented minimal bone gain at the marginal
bone level, indicating a good long-term treatment prognosis.
Further studies with longer periods of time and impact of
thick tissue on marginal bone preservation in conjunction
with the platform-switching concept are needed.
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Purpose. To evaluate the survival, success, and complication rates of tapered double-lead threads single implants, placed in fresh
extraction sockets and healed sites of the posterior jaws. Methods. The enrolled patients were randomly divided into 2 groups:
in the test group (TG), all implants were inserted at the time of tooth extraction; in the control group (CG), all implants were
placed 3 months after extraction. The implants were followed for a period of 1 to 3 years after loading. The main outcomes were
implant survival, complications, and implant-crown success. Results. Ninety-two patients had 97 installed implants (49 in the TG,
48 in the CG). Only two implants failed, in the TG; the survival rates were therefore 95.9% (47/49) and 100% (48/48) for TG and
CG, respectively. In the surviving implants, no complications were reported, for an implant-crown success of 100%. Conclusions.
Although a significant difference was found in the levels of primary stability between TG and CG, single implants placed in fresh
extraction sockets and healed sites of the posterior jaws had similar survival and complication rates. Crestal bone levels and
peri-implant bone resorption showed similar values. A longer follow-up period is however required, to confirm these positive
outcomes.

1. Introduction

Single implants are considered a successful and predictable
treatment option to replace teeth that cannot be maintained
or restored [1], with high survival/success rates and low
incidence of complications in the short- [2, 3] and long-term
[4, 5].

Generally, timing of implant placement permits distin-
guishing between immediate implants, (placed immediately
after tooth extraction) and delayed implants, inserted in
completely healed bone [6]. Hammerle and colleagues have
introduced a detailed classification about timing of implant
placement: a type 1 implant is a fixture placed into a fresh
extraction socket, immediately after tooth extraction; a type

Hindawi
BioMed Research International
Volume 2017, Article ID 8017175, 16 pages
https://doi.org/10.1155/2017/8017175

https://doi.org/10.1155/2017/8017175


2 BioMed Research International

2 implant is a fixture placed from 4 to 8 weeks after tooth
extraction, with complete soft tissue coverage of the socket
but without bone healing; a type 3 implant is a fixture placed
when the soft tissue healing is completed, with a significant
degree of bone healing (3 to 6months from tooth extraction);
and type 4 implant is a fixture placed in a fully healed site (at
least 6 months after extraction) [7].

In the last years, several authors have demonstrated that
immediate implant placement in fresh extraction sockets can
be a successful and predictable surgical procedure [9], both
in the anterior [10] and in the posterior regions [11] of jaws;
this technique reduces the number of surgical sessions and
therefore the treatment time and the related costs, increasing
patient acceptance and satisfaction [9–11].

However, the immediate implant placement also presents
critical aspects [7, 9]. In fact, the stabilization of the implant in
the fresh extraction socket may be technically difficult [9, 12].
It is well known in the scientific literature that primary sta-
bility is key for the survival and the success of an implant: in
the absence of adequate primary stabilization, in fact, a fixture
can fail [12–14]. When placing an implant into a fresh extrac-
tion socket, the incongruity of size and shape between the fix-
ture and the alveolus can represent a problem [9, 12]. In fact,
if in healed sites primary stabilization is obtained by intimate
contact between the fixture and the bone, in postextraction
sockets residual bony defects always remain around implants
[7, 10, 12]. In general, the stabilization of the fixture in the pos-
textraction sockets is obtained by deepening the preparation
of the implant site 3-4mmapically or underpreparing the site,
with respect to the implant diameter [15, 16].

Several studies have stressed that primary stability is
the key for success in immediate implant placement in the
posterior regions, regardless of whether or not there is septal
bone, space between the socket walls and the fixture, and
grafting material [8, 11, 15]: adequate primary stability was
demonstrated to be the most important factor for achieve-
ment of osseointegration [12, 13]. Another issue with imme-
diate implant placement is the presence of a gap between
the walls of the socket and the body of the fixture [9–11]. To
date, in fact, there is no complete agreement among authors
about the necessity of filling the gap between implant surface
and socket walls after immediate implant placement [17–28].
Some surgical protocols suggest filling the defect if the gap
is >2mm [20, 21] because it may help to foster selective cell
colonization and tissue repopulation, to restore the alveolar
process [22] especially when socket architecture is critical
[23, 24]. In contrast, other surgeons demonstrated successful
results leaving the gaps to spontaneous healing without flap
elevation, reaching primary closure or grafting [25–27].They
argued that grafting material could increase infection risk
because of possible graft exposure and management [8, 12,
28]. Finally, with regard to immediate implant placement into
infected sites, the current literature concluded that it can be a
viable treatment option if appropriate clinical procedures are
followed, such as adequate antibiotic prophylaxis and therapy,
meticulous cleaning, and alveolar debridement of the socket,
in order to avoid the risk of infection and implant failure
[29, 30].

In the last few years, a series of new implant macro-
and microtopographies have been introduced on the market:
new thread designs have been proposed, with the purpose of
better stabilizing the implant in the bone [2, 5, 15, 31], and
new implant surfaces have been introduced, with the aim of
reducing bone healing times, accelerating, and empowering
the osseointegration [32, 33]. This is certainly important
to allow the successful insertion of implants in extraction
sites, reducing the risk of possible failures during the healing
period [31, 32]; however, it ismandatory to obtain appropriate
scientific evidence on the clinical performance of these new
implant geometries, in order to investigate if they can ensure
satisfactory clinical outcomes in different and challenging
contexts, including placement in postextraction sockets.

Hence, the aim of the present randomized controlled trial
was to evaluate the survival, success, and complication rates
of single implants with a new tapered design characterised by
double-lead threads, when placed in fresh extraction sockets
and healed sites of the posterior jaws.

2. Materials and Methods

2.1. Patient Enrolment. Over a two-year period (January
2013–December 2015), all patients requiring the extraction of
a single tooth in the posterior areas of both jaws (maxillary
and mandibular premolars and molars) were considered
for possible enrolment in the present multicenter clinical
study, involving six different Clinical Centers (two university
centers and four dental private practices).

Thepatient selectionwas based on the following inclusion
criteria: (a) one or more nonrestorable single teeth that had
to be extracted and replaced with an implant supported
single crown in the posterior maxilla and mandible (only
premolar and molar regions); (b) adequate bone volume to
place an implant at least 3.7mm in diameter and 10mm in
length, without bone augmentation procedures; (c) naturally
occluding dentition in the opposing jaw; (d) comprehension,
acceptance, and full compliance for the treatment and follow-
up study protocol.

The exclusion criteria were (a) available bone length <
10mm and bone width < 4.5mm; (b) untreated and/or active
periodontitis; (c) poor oral hygiene and motivation (full
mouth plaque index (FMPI) > 20%; full mouth bleeding
index (FMBI) > 20%); (d) heavy smoking habit (>20 ciga-
rettes/day); (e) general contraindication to implant surgery,
such as uncontrolled systemic diseases, immunosuppression,
and HIV/HCV/HBV infection; (f) chemotherapy and/or
irradiation in the head and neck area; (g) treatment with
amino-bisphosphonates; (h) pregnancy or nursing; (i) inabil-
ity to complete the follow-up.

All patients were fully informed about the nature of the
present study, the surgical techniques involved, the treatment
times, and costs of the therapy; in addition, they were in-
formed about the possible alternative treatment procedures,
in accordance with the principles outlined in the Helsinki
Declaration (as revised in 2008). Prior to being enrolled in
the trial, all patients signed the informed consent form for this
study.The studywas approved by the Local Ethics Committee
at the University of Insubria.
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2.2. Study Design and Randomization. The present study was
designed as a multicenter randomized controlled trial. The
randomization method was organized as previously reported
[34]. In brief, a researcher (S.F.) whowas not directly involved
in the treatment of patients worked as a randomization
coordinator for the present trial. This researcher prepared
a randomization schedule using the freely accessible tools
available at http://www.randomization.com/. The sequence
generated included randomly varying blocks, of four and
eight participants (six and three blocks, respectively). Before
tooth extraction, in themoment inwhich each patient arrived
in one of the Clinical Centers involved in the study, each
surgeon had to send to the randomization coordinator a text
message and an email containing the participant’s study ID
number. Upon receipt of the text message request, the ran-
domization coordinator consulted the randomization sched-
ule and sent back to the surgeon a text message and an email
containing the participant’s study ID number and group
allocation to the study. According to these indications, all
patients were therefore randomly divided into two groups. If
the patient was assigned to the test group (immediate implant
placement), the surgeon had to extract the tooth and to insert
the implant in the fresh extraction socket, in the same surgical
session. Conversely, if the patient was assigned to the control
group, the surgeon had to extract the nonrestorable tooth and
wait for a period of 4 months, before inserting the implant in
the healed ridge, in another surgical session.

2.3. Implant System. The tapered implants used in the present
work (BT Safe Bone Level�; Biotec BTK, Dueville, Vicenza,
Italy) had double-lead threads with an hexagonal conical
connection (11∘) and an integrated platform shifting [35].The
dual acid etched (DAE) surface of these implants was the
result of treatment with a mixture of strong inorganic acids
(H2SO4, H3PO4, HCl, and HF) [36]. The DAE implant sur-
face had the following roughness parameters: Ra (arithmetic
mean of the absolute height of all points) = 1.12 (60.41) 𝜇m,
Rq (square root of the sum of the squared mean difference
of all points) = 1.34 (60.69) 𝜇m, and Rt (difference between
the highest and the lowest points) = 3.86 (61.40) 𝜇m [36]
(Figure 1). The implants were available in 3.7, 4.1, and 4.8mm
diameter and between 10, 12, and 14mm in length.

2.4. Surgical and Prosthetic Procedure. Patients received pro-
fessional oral hygiene 1 day before the operation and used
chlorhexidine mouthrinse 0.2% for 1 minute, 2 times a day,
starting 3 days prior to the intervention and thereafter for
10 days. All patients received prophylactic antibiotic therapy:
amoxicillin 2 g 1 hour prior to the intervention and 1 g 6 hours
postoperatively.

Following the administration of local anesthesia using
articaine with epinephrine 1 : 100.000, a careful circular
fiberotomy was performed using periotomes and small ele-
vators to extract the tooth with minimal trauma to the
alveolar bone. After all granulation tissue was removed, a
periodontal probe was used to verify the dimensions and the
integrity of the 4 walls of the fresh sockets. In the test group,
extraction sockets were prepared for implant placement
using standard techniques. Implant sites were prepared with

standard drills and the bony walls were followed as a guide.
The bone was underdrilled apically to the extraction sockets;
at least 3mm of bone remained beyond the root apex. No
countersinking was used. In the control group, 3-4 months
after tooth extraction was attended for an adequate bone
healing, implant placement was performed raising a full-
thickness flap extended to the adjacentmesial anddistal teeth.
Implants were then inserted according to the manufacturer’s
guidelines. In both test and control groups, the implants
were placed 1mm below the buccal level of alveolar crest
but not more than 2mm below the lingual/palatal level;
when necessary, the surgeon was free to use guided bone
regeneration (GBR) with biomaterial, to fill the gap between
the implant and the walls of the fresh extraction socket (in
the test group) or to protect the coronal part of the fixture
(in the control group). The biomaterial used was a resorbable
𝛽-tricalcium phosphate [37] (Oxofix�, Biotec BTK, Dueville,
Vicenza, Italy, BTK Italy) which could be easily packed in
the fresh extraction socket or placed to protect the fixture
inserted in a healed site. Sutures were then performed.
The patients were instructed to avoid brushing the treated
area postoperatively; pain control was provided, as needed,
with ibuprofen 600mg. All implants were left submerged
for a period of 3 months; after this undisturbed healing
period, all implants were exposed and impressions were
taken. Amastermodel wasmade in the laboratory to produce
custom titanium abutments and the definitive metal-ceramic
crowns, which were delivered within 1 week (no provisional
resin crowns were prepared). All the definitive restorations
were single crowns, placed in occlusion. Static and dynamic
occlusion were carefully checked using articulating papers.
All patients were enrolled in a 6-month follow-up recall
program.

2.5. Data Collection. All data were measured and recorded
according a previously established protocol.

Before extraction, the following parameters were record-
ed: name of patient; age and gender; smoking habits; tooth
site; reason of extraction; presence/absence of chronic peri-
odontal or endodontic infection; width of keratinized tissue.

In test group, before implant placement, integrity of
the socket walls, integrity of interradicular septum (where
applicable), and buccolingual dimension of sockets were
measured. After implant placement, these parameters were
recorded: implant size; jumping distance (in mm); insertion
torque (IT) value (in Ncm) during the implant insertion;
implant stability quotient (ISQ) with resonance frequency
analysis (RFA) after implant insertion.

In the control group, before implant placement, buccal-
lingual dimension of alveolar crest and presence of residual
bone defects were measured. While after implant placement,
implant size, insertion torque (IT) (in Ncm), and implant
stability quotient (ISQ) were recorded. During the healing
period all surgical and healing complications were evaluated
(neurological and vascular injuries, early or late infection,
fistula and suppuration). After second-stage surgery, width of
keratinized tissue and implant stability quotient (ISQ) were
measured clinically. After functional loading health of soft
tissue and baseline crestal bone levels were evaluated for each

http://www.randomization.com/
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Figure 1: Drawing of the fixture used in this study, with the scanning electron microscopy (SEM) image of the implant surface. The tapered
implants used in the present work (BT Safe Bone Level�; Biotec BTK, Dueville, Vicenza, Italy) had double-lead threads. The dual acid etched
(DAE) surface of the fixtures had the following roughness parameters: Ra = 1.12 (60.41)𝜇m, Rq = 1.34 (60.69)𝜇m, and Rt = 3.86 (61.40) 𝜇m.

implant.The same parameters were recorded after 1 to 3 years
of follow-up.

2.5.1. Width of KeratinizedMucosa (KM). Keratinized muco-
sa (KM) was measured with periodontal probe evaluating
the distance between margin gingival and mucogingival line,
before tooth extraction and after implant restoration.

2.5.2. Alveolar Dimensions and Jumping Distance. The sur-
geon evaluated after extraction the integrity of the 4 walls

of sockets and measured with periodontal probe buccal-
lingual and mesiodistal dimensions of alveolar ridge. Then
the jumping distance was measured with periodontal probe
evaluating the distance between the implant surface and the
buccal wall of socket.

2.5.3. Socket Extraction Type. According to the classification
of Smith and Tarnow [8] the choice of implant diameter
depended on the gap existing between the socket and
bone. Particularly in absence of septal bone a wide-diameter
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implant was recommended, to engage the periphery of the
socket. In the other socket categories in presence of septal
bone the surgeon decided to proceed with GBR procedure in
either case and placed implant in the center of the socket.

2.5.4. Insertion Torque (IT) and Implant Stability Quotient
(ISQ). The insertion torque (IT) and the implant stability
quotient (ISQ) were measured as previously reported [38–
40]. The IT was measured by means of the implant motor, at
the time of implant placement, while the ISQ was measured
at different times (at placement, at the time of loading, and
1 and 3 years after loading) by means of a device (Osstell�,
Osstell AB, Gothenburg, Sweden) for resonance frequency
analysis (RFA) [38–40]. For each fixture, ISQ values (scaled
1–100) were measured. Measurements were taken twice in
the buccolingual direction and in the mesiodistal direction;
thenmeans were calculated and rounded to the nearest whole
number.

2.5.5. Peri-Implant Bone Resorption (PIBR). Crestal bone
levels around osseointegrated implants were assessed on
intraoral radiographs collected for each placed implant, at
all time points, using a parallel technique. Close attention to
proper positioning of the receptor and X-ray tube was used
to have radiographs with the same field of view, the same
projection and angulation, and the least possible amount of
distortion/deformation. Moreover, if evidence of distortion,
deformation, or other alterations was present, a new radio-
graph was taken to achieve an adequate overlapping with
previous images. All radiographs were scanned, digitized,
converted to 600 dpi resolution.jpeg images, and analyzed
through an image analysis software. The values obtained at
baseline were compared with the bone levels measured at
follow-up to obtain peri-implant bone resorption (PIBR), as
previously reported [41, 42].

2.6. Primary Outcomes of the Study

2.6.1. Survival of the Implants. Implant survival was con-
sidered a primary outcome of this study. All the implants
that were regularly in function and under load at the last
clinical and radiographic follow-up control (1 or 3 years after
placement, resp.) were considered “survivors.” Conversely, all
implants that were not osseointegrated after the first healing
period were found clinically mobile at second-stage surgery
and were therefore removed and considered “failed”; simi-
larly, al implants that suffered for recurrent and intractable
acute infection (peri-implantitis) with massive bone loss and
clinical mobility and that had to be consequently removed
were considered “failed.” Finally, implants were considered
“failed” in case of fracture of the fixture body.

2.6.2. Complications. The biologic complications that affect-
ed the implant, without causing the failure of the fixture,
were listed among the secondary outcomes of the study.
These outcomes included (1) persistent pain or dysesthesia or
paresthesia in the implant area; (2) peri-implant mucositis, a
biologic condition characterised by an inflammation of the
soft tissues around the implant, with spontaneous bleeding

or bleeding on probing, and possible exudation, associated
with probing pocket depth ≥ 4mm but without any PIBR
[43]; (3) peri-implantitis, a biologic condition characterised
by inflammation of the soft tissues around the implant, with
spontaneous bleeding or bleeding on probing, and possi-
ble exudation and/or suppuration, associated with probing
pocket depth ≥ 4mm with evidence of PIBR > 2.5mm [43].

All possible prosthetic complications that affected the
implant-abutment connection, as well as the prosthetic
crown, were considered primary outcomes of this study.
In detail, these primary outcomes included (1) abutment
screw loosening; (2) abutment screw fracture; (3) fracture of
the prosthetic abutment; (4) loss of retention of the crown
(decementation); (5) ceramic chipping and/or fracture [41].

Taking into account all the aforementioned elements
and possible complications, in accordance with the criteria
described by Albrektsson et al. [44] and Buser et al. [45],
an implant supported restoration was considered successful,
in the absence of any biologic and prosthetic complications,
and with PIBR < 1.5mm during the first year of loading and
not exceeding 0.2mm/year during the following years. This
condition was defined as “implant-crown success.”

2.7. Statistical Analysis. All data analysis was performed
according to a preestablished analysis plan using the SPSS
software (SPSS version 16�; SPSS Inc., Chicago, IL, USA).
A biostatistician with expertise in dentistry analyzed the
data, without knowing the group codes. Patients demo-
graphics and implants distribution were studied by means of
descriptive statistics, as well as implant survival, incidence
of complications, and implant-crown success. Absolute and
relative (%) frequency distributions were obtained for all
qualitative, nonnumerical variables (such as patients’ gender,
age, according to age intervals, and smoking habit and
as implant site, position, reason for tooth extraction, and
presence/absence of endodontic lesion). With regard to this,
the differences in the distribution of patients and implants
between the two groups (postextraction sockets versus healed
sites) were investigated using Fisher’s exact test. Conversely,
means, standard deviations, and ranges were calculated for
all quantitative variables, such as patients’ age, width of
keratinized mucosa (Km), alveolar dimensions and jumping
distance, IT, ISQ, and PIBR. Two-tailed 𝑡-tests for paired and
unpaired samples were used to investigate any differences
within and between the two groups as far as CBL, IT, ISQ,
KM, and PIBR were concerned. To investigate if, within each
group, IT and ISQ were correlated, Pearson’s 𝑟 coefficient
and the corresponding significance were calculated. The 1-
and 3-year implant survival and implant-crown success rates
were calculated at the patient and at the implant level, and
differences, if any, were investigated using Fisher’s exact test.
The level of significance was set at 𝑝 < 0.05.

3. Results

3.1. Distribution of Patients. In total 102 patients were orig-
inally enrolled in the planned study protocol for a tooth
extraction and implant placement. However, 10 patients were
excluded from the study, since they did not attend all the
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Table 1: Patients distribution.

Test Control 𝑝∗ All patients
Gender
Males 21 (43.8%) 22 (50.0%) 0.676 43
Females 27 (56.2%) 22 (50.0%) 49
Age
20–39 12 (25.0%) 10 (22.7%)

<0.001
22

40–59 31 (64.6%) 14 (31.8%) 45
60–79 5 (10.4%) 20 (45.6%) 25
Smoking habit
Yes∗∗ 7 (14.6%) 8 (18.2%) 0.779 15
No 41 (85.4%) 36 (81.8%) 77
All patients 48 44 — 92
𝑝
∗ = Fisher exact test. ∗∗ = patients with ≤20 cigarettes/day were included in the study, conversely patients smoking >20 cigarettes/day were excluded from

the study.

scheduled follow-up sessions and therefore they did not have
complete clinical and radiographic data. In the test group,
four patients were excluded for the following reasons: one
patient decided not to restore implant with a definitive crown,
and three patients were lost during the follow-up period.
In the control group, six patients dropped out: two patients
decided not to place the implant after the healing period, and
four patients were lost during the follow-up period. Finally,
92 patients (43 males and 49 females, mean age 51.0 ± 9.5
years, range 20–79 years) were included in the study and used
for a complete data collection and statistical analysis. The
overall mean follow-up of implants after functional loading
was 24.4 ± 9.3 months (range 12–36 months; median 24
months); similarmean follow-up valueswere noted in the two
study groups (24.5 ± 8.9 months in test group and 24.3 ± 9.7
months in the control group).The distribution of the patients
by gender, age, and smoking habit was reported in Table 1.
The groups were uniform in the distribution for gender (𝑝
= 0.676) and smoking habit (0.779), whereas a statistically
significant difference was found between tests and controls in
the distribution of patients by age (𝑝 < 0.001). In fact, in the
test groupmost of the patients (64.6%) were aged between 40
and 59 years, whereas in the control group a more uniform
distribution was present in the three age intervals.

3.2. Distribution of Implants. In total, 97 implants were
placed in 92 patients (two patients had multiple indica-
tions for implant therapy: in fact, one patient received two
implants and another one received three implants). Forty-
nine implants were placed in fresh postextraction sockets
(test group), whereas 48 implants were inserted in healed
ridges (control group). Forty-three implants were inserted in
the maxilla, whereas 54 were inserted in the mandible. The
distribution of the implants by site, position, reason for tooth
extraction, and presence/absence of endodontic lesion was
as summarized in Table 2. In the test and control groups, the
distribution of the implants in three of the different categories
(site, position, and reason for tooth extraction) was uniform,
since no statistically significant differences in the distribution

of the fixtures within these groups were noted. Obviously,
in the control group, no endodontic lesions were present (in
fact, after tooth extraction, an undisturbed healing period
of 4 months was planned and respected, before placing an
implant), and all the endodontic lesions evidenced in the
study (14) were in the test group: for this reason, a statistically
significant difference was found at this level, among test and
control implants (𝑝 < 0.001).

3.3. Width of Keratinized Tissue. In the control group, before
tooth extraction, the mean width of KM was 2.5 ± 0.9mm,
at the baseline was 2.2 ± 0.9mm, and at follow-up was 1.9
± 0.9mm. In the test group, before tooth extraction, the
mean width of KM was 2.4 ± 0.9mm, at the baseline was 1.8
± 0.7mm, and at follow-up was 1.6 ± 0.9mm. Keratinized
mucosa (KM) width was not significantly different between
the two groups (𝑝 = 0.62, 𝑝 = 0.07, and 𝑝 = 0.16 before
tooth extraction, at baseline, and at follow-up, resp.).

3.4. AlveolarDimensions and JumpingDistance. In the control
group, the mesiodistal width of the marginal aspect of the
sockets was 7.7 ± 0.9mm, while the buccal-lingual mean
width was 8.2 ± 2.2mm. In the test group, the mesial-distal
and buccal-lingual widths of the sockets were 7.8 ± 0.8mm
and 8.6 ± 2.0mm, respectively. Similar values of socket
dimensions were observed in the 2 groups (𝑝 = 0.28 and
𝑝 = 0.52 for mesial-distal and buccal-lingual width, resp.).
Moreover, in the test group, the jumping distance at the time
of implant placement was 2.3 ± 1.5mm. At reentry surgery,
most of implants (90%) showed a complete bone healing, and
only few implants (10%) showed a dehiscence less than 1mm.
No implant had a dehiscence more than 1mm.

3.5. Socket Extraction Type. In total, 55 monoradicular teeth
and 42 pluriradicular teeth were extracted in the patients.
Regarding pluriradicular teeth, 18 were extracted in the
control group and 24 in the test group. According to the
classification of Smith and Tarnow [8] for molar extraction
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Table 2: Implants distribution.

Test Control 𝑝∗ All implants
Site
Maxilla 25 (51.0%) 18 (37.5%) 0.221 43
Mandible 24 (49.0%) 30 (62.5%) 54
Position
Premolars 25 (51.0%) 30 (62.5%) 0.307 55
Molars 24 (49.0%) 18 (37.5%) 42
Reason for tooth extraction
Chronic periodontal disease 10 (20.4%) 15 (31.2%)

0.437
25

Destructive caries 23 (46.9%) 21 (43.8%) 44
Root fractures or resorption 16 (32.7%) 12 (25.0%) 28
Presence of endodontic lesion
Yes 14 (28.6%) 0 (0%)

<0.001 14
No 35 (71.4%) 48 (100%) 83
All implants 49 48 — 97
𝑝
∗ = Fisher exact test.

Table 3: Sockets distribution in pluriradicular (molar) teeth, according to Smith and Tarnow [8].

Socket type Test Control Total
Type A 12 (21.8%) 14 (25.5%) 26 (47.3%)
Type B 11 (20.0%) 7 (12.7%) 18 (32.7%)
Type C 7 (12.7%) 4 (7.3%) 11 (20.0%)
All sockets 30 (54.5%) 25 (45.5%) 55 (100.0%)

sites, 47.3% of the sockets belonged to type A, 32.7% belonged
to type B, and the remnants (20.0%) belonged to type C.
The distributions of the socket types in the 2 study groups
were reported in Table 3. The two distributions were not
significantly different (𝑝 = 0.73).

3.6. IT and RFA. The mean IT values measured were 65.5 ±
20.0 in the control group and 53.7 ± 23.2 in the test group,
while the ISQ values displayed were on average 72.8 ± 9.7 and
63.9 ± 12.6, in the control and in the test groups, respectively.
Primary stability was significantly different between the two
groups both as far as IT (𝑝 = 0.008) and ISQ (𝑝 < 0.001) were
concerned. A significant correlation between ISQ and IT was
observed in both groups (test group: 𝑟 = 0.8473, 𝑝 < 0.001;
control group: 𝑟 = 0.7951, 𝑝 < 0.001).

3.7. Crestal Bone Levels (CBL) and Peri-Implant Bone Resorp-
tion (PIBR). The mean values of CBL at baseline and after
follow-up in the control group were 0.5 ± 0.4mm and 0.9 ±
0.4mm, respectively. In the test group, CBL were on average
0.8 ± 0.4mm at baseline and 1.2 ± 0.6mm after follow-up
At baseline, CBL was significantly different between the two
groups (𝑝 < 0.001). Within each group, CBL at follow-up
was significantly different from that at baseline (𝑝 < 0.001 in
both cases). Moreover, CBL at follow-upwas slightly different
between the two groups (𝑝 = 0.046).

The PIBR amounted to 0.5 ± 0.4mm in the control group
and to 0.4 ± 0.4mm in the test group. These two values were

not significantly different (𝑝 = 0.38) confirming the absence
of any difference between the two study groups about bone
loss over the time.

3.8. Implant Survival. Since two implants failed to be osseoin-
tegrated in the test group and all implants were osseointe-
grated in the control group, the implant survival rates were
95.9% (47/49) and 100% (48/48), respectively.This difference
was not statistically significant (𝑝 = 0.49). During the follow-
up period, no implant was lost, so these favourable outcomes
were confirmed. Both two failed implants were 10 × 4.8mm
in size and were placed in the maxilla in molar regions.
Moreover, both postextraction sockets were of type C.

3.9. Complications and Implant-Crown Success. No biologic
complications were reported during the present study, in
both groups. In fact, no postsurgical complications were
reported. With regard to soft tissues parameters, at baseline,
in the both groups, no sites revealed bleeding on probing
(0%). After follow-up period, 17 out of 180 sites evaluated
in control group had bleeding on probing (9.4%), while in
the test group, 24 out of 176 sites presented positive bleeding
on probing (13.6%). The mean PPD at baseline in the 2
groups were 3.2 ± 1.3mm and 2.9 ± 1.4mm, respectively;
no significant variations were observed during the follow-
up period. No implant showed visible recession of soft tissue
over the time, since themarginal level of peri-implantmucosa
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Figure 2: Immediate implant placement of a mandibular second premolar (#45). Preoperative clinical picture of the residual nonrestorable
tooth (a); the postextraction socket and the related bone defect (b); implant placement in the postextraction socket (c); bone graft placement
in the peri-implant gap (d); primary flap closure and sutures (e); postoperative periapical radiograph after implant surgery (f).

was located above the margin of implant restoration. Finally,
no prosthetic complications were reported during the entire
follow-up period, and since no implants showed a PIBR >
1.5mm during the first year of functional loading and/or
exceeded 0.2mm in each of the following years, an implant-
crown success of 100% was found in both groups (Figures
2–10).

4. Discussion

Scientific literature showed that implants placed immediately
after extraction with or without grafting procedures take
advantages of preextraction ridge contours reducing costs,
time, second surgery, and discomfort [7, 10–12, 15, 17]. How-
ever, still there is not a strong evidence that postextraction
implants are absolutely comparable to delayed implants and
many issues are still matter of discussion.

In fact, a systematic review published by Esposito et al.
in 2010 suggested that immediate implants may be at higher
risks of implant failures and complications than delayed
implants [46]. However, in that study, the meta-analysis was
based on the few trials and for these reasons the authors
concluded that there was insufficient evidence to determine
the possible advantages or disadvantages of immediate or
delayed implants [46].

Conversely, other authors demonstrated that immediate
placement of dental implants into postextraction sockets is a
successful alternative to the delayed protocol [6, 7, 10–12, 15,
17, 25]. In fact, in these studies, survival rates for immediately
placed implants were similar to those for implants placed into
healed sites [6, 7, 10–12, 15, 17, 25].

Our present study seems to confirm this evidence. In our
study, in fact, favourable survival outcomes were reported
for both implants placed in postextraction sockets (test) and
healed sites (control) of the posterior jaws. In fact, only two
immediate postextraction implants failed to be osseointe-
grated: the survival rates were therefore 95.9% (47/49) and
100% (48/48) in the test and control groups, respectively.
The difference in the survival rate within the two groups of
implants (tests and controls) was not significant.

An essential factor for successful immediate or delayed
implant placement is the initial stabilization of the implant
into the postextraction socket or residual bone [2, 6–8, 11, 13,
15, 17, 31, 39]. Insertion torque (IT) is the easier method to
assess the implant stability during implant placement [38]. It
is defined as the capacity of the implant to withstand loading
in axial, lateral, and rotational directions [38]. It is related to
bone quality and quantity bone, implant design and geometry
(surface, diameter, length, and type), patient characteristics,
and the placement technique used (osteotomy size smaller
than the implant diameter, pretapping, or self-tapping) [38–
40] and also to the level of primary bone contact also under
functional loading and the biomechanical properties of the
surrounding bone [38–40]. Immediately implants are given
primary stability by the most apical residual alveolar bone
while a part of implant surface is surrounded by the clot or the
graft and undergoes osseointegration as bone regeneration
occurs [6, 11]. For this reason, obtaining primary stability
in immediate implants is more difficult than in delayed
procedure because there is no presence of a healed residual
site for implant anchorage [11].
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Figure 3: Immediate implant placement of a mandibular second premolar (#45). Soft tissue healing after 3 months (a); periapical radiograph
after 3 months of submerged healing (b); second-stage surgery and the alveolar ridge 3 months after implant placement (c); fixture exposure
during second-stage surgery (d); placement of the healing abutment and sutures (e); periapical radiograph after insertion of the healing
abutment (f).

(a) (b)

(c) (d)

Figure 4: Immediate implant placement of a mandibular second premolar (#45). Final metal-ceramic crown at delivery, lateral view (a);
periapical radiograph of the implant at the delivery of the final crown (b); final metal-ceramic crown at delivery, occlusal view (c); periapical
radiograph 2 years after implant insertion (d).
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Figure 5: Immediate implant placement of a mandibular first molar (#46). Preoperative periapical radiograph before tooth extraction (a);
postextraction socket and bone defect (b); implant site preparation in postextraction socket (c); implant placement in postextraction socket
(d); primary flap closure and sutures (e); postoperative radiograph after implant surgery (f).

(a) (b) (c)

(d) (e) (f)
Figure 6: Immediate implant placement of amandibular firstmolar (#46). Soft tissue healing 3months after implant placement (a); periapical
radiograph after 3months of submerged healing (b); second-stage surgery and the alveolar ridge 3months after implant placement (c); fixture
exposure during second-stage surgery (d); placement of the healing abutment and sutures (e); periapical radiograph after insertion of the
healing abutment (f).

In our present study, the tapered, double-lead thread
design of the implants used here was able to guarantee
a satisfactory implant stability, enabling a gradual bone
condensation even in low density areas, such as the posterior
maxilla. In fact, themean IT valuesmeasuredwere 65.5± 20.0

in the control group and 53.7 ± 23.2 in the test group; these
positive values were further confirmed by RFA method, with
mean ISQ values at placement of 72.8 ± 9.7 and 63.9 ± 12.6,
in the control and in the test groups, respectively. A sta-
tistically significant difference was found in the levels of
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(a) (b)

(c) (d)

Figure 7: Immediate implant placement of a mandibular first molar (#46). Final metal-ceramic crown at delivery, lateral view (a); periapical
radiograph of the implant at the delivery of the final crown (b); final metal-ceramic crown at delivery, occlusal view (c); periapical radiograph
2 years after implant insertion (d).

(a) (b) (c)

(d) (e) (f)

Figure 8: Delayed implant placement of amaxillary second premolar (#15). Preoperative clinical picture, lateral view (a); preoperative clinical
picture, occlusal view (b); periapical radiograph before tooth extraction (c); alveolar ridge immediately after extraction (d); alveolar ridge after
3 months of healing (e); periapical radiograph after 3 months of healing (f).
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(a) (b) (c)

(d) (e) (f)

Figure 9: Delayed implant placement of a maxillary second premolar (#15). Alveolar ridge after surgical flap elevation (a); implant site
preparation and axis verification (b); implant placement in healed site (c); placement of the cover screw (d); primary flap closure (e);
postoperative periapical radiograph (f).

(a) (b)

(c) (d)

Figure 10: Delayed implant placement of amaxillary second premolar (#15). Final metal-ceramic crown at delivery, lateral view (a); periapical
radiograph of the implant at the delivery of the final crown (b); final metal-ceramic crown at delivery, occlusal view (c); periapical radiograph
2 years after implant insertion (d).
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primary stability between the test and control implants, for
both IT (𝑝 = 0.008) and ISQ (𝑝 < 0.001); however,
the stability values were satisfactory in both groups. These
positives outcomes were probably related to the peculiar
design and macrotopography of the implants used in the
present study. In particular, the apical deeper cutting threads
favoured the insertion and stabilization, while the squared
coronal threads seemed to favour bone condensation [31, 35].

However, our study aimed to provide further data that
can be useful for better understanding and comparing the
clinical performance of implants placed in postextraction
and healed sites. Therefore, we have investigated several
anatomical, clinical, and radiographic parameters related to
these surgical procedures, in order to further validate the
immediate approach or to highlight the potential problems
related to this. Although many studies confirmed similar
survival and success rates of postextraction and delayed
implants, there are several factors for evaluation, such as the
risk of postoperative infections or complications, the lack
of primary stability, the so-called “jumping distance,” and
the potential changes of hard and soft tissue dimensions
[20, 21, 23]. In fact, it is know that postextraction implants
are not able to avoid postextraction alveolar bony changes.
A recent systematic review [23] demonstrated that a bone
resorption of 0.5–1.0mm in vertical and horizontal aspects
4–12 months following surgery must be expected. This event
could affect osseointegration or cause aesthetic concerns,
especially in the maxillary aesthetic zone, which is often
characterised by a thin buccal plate [10]. The spontaneous
healing of extraction sockets leads to a soft tissue closure after
4–6 weeks, increasing the amount of available keratinized
tissue of alveolar ridge. This tissue has a reduction after
implant placement, a further reduction after healing screw
placement, and a definitive reduction after crown place-
ment due to emergence profile [45, 47–50]. The immediate
implant placement can affect the amount of keratinized tissue
because of some clinical procedures, such as flap elevation
and passivation, primary or secondary closure of sockets,
use of grafting biomaterial, or placement of healing screws
[51, 52].

The present study reported slight differences about
changes of keratinized tissue in the two study groups:
in the control group, KM had a progressive reduction of
about 0.3mm after implant surgery and about 0.3mm after
prosthetic restoration, while, in the test group, KM had
a higher reduction (0.6mm) after implant surgery and a
smaller reduction (0.2mm) after prosthetic rehabilitation.
Anyway, the presence of KM more than 1mm was observed
in all implants. Clinical relevance of these findings can be
controversial but further studies could givemore information
about factors influencing the reduction of KM after surgery
[12]. No significant gingival recession was noted in both
groups after functional loading; but no risk factors for
gingival recession were present in the study population.
Considering gingival recession, no statistical differences were
noted between the two groups. However, several studies
demonstrated a significant relationship between recession
and thin periodontal biotype, buccal position on implants,
and bad oral hygiene [12].

Furthermore, in the present study the classification of
Smith and Tarnow [8] was adopted. In this classification,
three sockets types (A, B, and C) are presented according to
the complete presence (A), partial presence (B), or absence
(C) of septal bone. In absence of septal bone (C), as the author
suggested [8], a wide-diameter implant was preferred. In the
present study, 55 monoradicular teeth and 42 pluriradicular
teeth were extracted in the patients; among pluriradicular
teeth, 18 were extracted in the control group and 24 in the
test group. According to the aforementioned classification [8]
for molar extraction sites, 47.3% of the sockets belonged to
type A, 32.7% belonged to type B, and the remnants (20.0%)
belonged to type C. No statistically significant differences
were noted in the distribution of the implants, according to
this classification; however, it is important to underline that
all failed implants were placed in maxillary molar regions,
in type C extraction sockets: a further study should be
required to better investigate the influence of this factor on
the osseointegration/survival rates.

Finally, in our study, the PIBR was limited and amounted
to 0.5 ± 0.4mm in the control group and to 0.4 ± 0.4mm
in the test group. These positive outcomes may be related to
the characteristics of the implants used in this study, such
as the conical connection (2.6mm with 11∘ cone), which
has the potential to guarantee an excellent biological seal
against the bacterial penetration, eliminating any possible
micromovement between the implant and the abutment
[35, 41]; also, they may be determined by the integrated
platform shifting design of these fixtures that may allow
improving soft tissue thickness, giving a barrier against
microbial penetration [35, 42]. Moreover, the PIBR values
were not significantly different (𝑝 = 0.38) between tests and
controls, confirming the absence of any difference between the
two study groups about bone loss over the time.

As expected and reported by the literature [35, 42], in
both groups, most crestal bone loss-level occurred during the
course of the first 12 months following baseline. However,
few scientific studies underlined that a greater amount of
bone loss in immediate implants is more recurring [53, 54].
This finding has been confirmed also in a recent animal
study that showed how immediate implant sites had more
pronounced bone resorption compared to postextraction
sites [54]. Longer follow-up is necessary to assess CBL over
time when implants were immediately placed after tooth
extraction and to detect any statistical differences.

The limits of the present study are the limited number of
patients enrolled, the low number of implants placed, and,
most of all, the short follow-up period. A longer follow-up
period is mandatory and strictly required, to confirm the
positive outcomes emerging from our present study.

5. Conclusions

In the present randomized controlled trial on the placement
of single implants in postextraction sockets andhealed sites of
the posterior jaws, 92 patients (43males, 49 females,mean age
51.0 ± 9.5 years) were installed with 97 implants. Forty-nine
implants were placed in fresh postextraction sockets, whereas
48 implants were placed in healed ridges. The implants were
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followed for a mean period of 24.4 ± 9.3 months (immediate
implants: 24.5 ± 8.9 months; delayed implants: 24.3 ± 9.7
months) after loading. At the end of the study, immediate
implants achieved similar results to delayed implants, with
regard to survival, incidence of complications, and implant-
crown success. In fact, only two implants failed in the
immediate group: the survival rates were 95.9% (47/49) and
100% (48/48) for immediate and delayed implants, respec-
tively. Finally, in the surviving implants, no complications
for reported, for an implant-crown success of 100% after 3
years of loading. However, with immediate implants it was
more difficult to achieve primary stability. Studies with longer
follow-up are requested to confirm this evidence.
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Background. Direct metal laser sintering (DMLS) is an additive manufacturing technique that allows the fabrication of dental
implants layer by layer through the laser fusion of titaniummicroparticles.The surface of DMLS implants is characterized by a high
open porosity with interconnected pores of different sizes; therefore, it has the potential to enhance and accelerate bone healing. To
date, however, there are no histologic/histomorphometric studies in the literature evaluating the interface between bone andDMLS
implants in the long-term. Purpose. To evaluate the interface between bone and DMLS implants retrieved after 5 years of functional
loading.Methods.Two fracturedDMLS implants were retrieved from the human jaws, using a 5mm trephine bur. Both the implants
were clinically stable and functioned regularly before fracture. The specimens were processed for histologic/histomorphometric
evaluation; the bone-to-implant contact (BIC%) was calculated. Results. Compact, mature lamellar bone was found over most of
the DMLS implants in close contact with the implant surface; the histomorphometric evaluation showed a mean BIC% of 66.1%
(±4.5%). Conclusions.The present histologic/histomorphometric study showed that DMLS implants were well integrated in bone,
after 5 years of loading, with the peri-implant bone undergoing continuous remodeling at the interface.

1. Introduction

Today, modern implant dentistry offers innovative surgical
and prosthetic protocols such as the placement of implants
in extraction sockets and immediate functional loading [1, 2].
These protocols are primarily aimed at meeting the patient’s
desires of fewer surgical sessions (with reduced invasiveness
and stress and discomfort, resulting from multiple surgeries)
and receiving their fixed prosthetic rehabilitation in the
shortest time possible (to avoid the physical and psycholog-
ical discomfort related to provisionalization with removable
dentures, whether partial or total, and to reduce the time of
treatment) [1–3].

Although these protocols represent an opportunity to
reduce the costs related to implant-prosthetic treatment,
they are simultaneously a challenge for the clinician who

must ensure the survival/success of implants and related
restorations in a context of greater difficulties and risks [3–5].
In fact, the placement of implants in extraction sockets can be
risky given that it is more difficult for the surgeon to obtain
a valid primary implant stabilization (the surgical alveolus is
generally wider than the implant, and the stabilization must
often be obtained apically in only 3-4mm) [1, 3].The primary
stabilization may be even more complex in areas character-
ized by low bone density, as in the posterior maxilla [3, 5, 6].
The immediate functional prosthetic loading can represent
a risk, as mechanical stress beyond a certain threshold may
interfere with the healing process at the interface between
bone and implant and thus with the osseointegration of the
fixture [2, 4–6]. This risk is greater for single restorations
placed in low bone density areas [5, 6], and may even lead
to implant loss.
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Recently, manufacturers have introduced a series of new
micro- and nanorough implant surfaces to the market with
the aim of enhancing bone healing, accelerating the time of
prosthetic treatment, and reducing the risks arising from the
application of modern surgical and prosthetic protocols [7–
9]. These surfaces derive from particular treatments such as
anodizing [7], acidification with hydrofluoric acid [8], and
coating with calcium phosphate-nanoparticles [9].

Another innovative procedure for the fabrication of
dental implants today is direct metal laser sintering (DMLS)
[10, 11]. Such an additive manufacturing technique allows the
creation of dental implants from micro- and nanotitanium
powders that are fused together by a powerful laser beam
[10, 11].The implants are constructed layer by layer according
to a computer-assisted design [11].The surface resulting from
this innovative fabrication technique is characterized by a
high porosity with interconnected pores of different sizes [11–
13].

To date, the best way to study the interface between the
bone and the implant is represented by histological studies
on humans [14].

Several histological studies have shown that, in the short
term, the porous surface of DMLS implants can support an
excellent bone healing [15–18]. Therefore, it is not surprising
that these fixtures can be successfully used in complex surgi-
cal and prosthetic protocols, such as placement in extraction
sockets and immediate functional loading [19, 20].

However, until now all human histologic/histomor-
phometric works on the interface between bone and the sur-
face ofDMLS implants were based on the evaluation of exper-
imental (small-size) fixtures inserted in a transitional period
(for example, to support a complete provisional removable
prosthesis) and then removed for histological evaluation [15–
18]. This is for ethical reasons, as it is not ethically acceptable
to insert (and later be removed for histologic evaluation)
implants of standard dimensions in man [15]. In addition,
all histologic/histomorphometric works on DMLS implants
available today have studied the interface between the bone
and the implant surface in the short term, that is, a few
months after placement of the fixtures [15, 17, 18]. It is clear
that the early healing period immediately following implant
placement is a delicate moment and therefore important to
be investigated, as this can determine the success of the
rehabilitation. However, an evaluation of osseointegration in
the long-term can be extremely interesting because it can
clarifymuch about the relationship that develops between the
implant surface and human bone over time [21, 22].

To effectively evaluate the relationship between the
implant surface and bone over time, we should be able to
remove the implants after a fairly long period of function,
possibly several years. This is rarely possible because most
of the implants removed (for infection or progressive loss of
bone) may not be used for this purpose [22]. The fracture of
the implant body is fortunately a rare event, because it is a
major complication for the clinician [21, 22]. However, it is an
unlikely event that can be useful for the long-term evaluation
of the interface between bone and implant in man [21, 22].
To date, there are no histological studies in the literature

evaluating the interface between bone and DMLS implants
of standard dimensions in the long-term [13].

Therefore, the purpose of the present work was to study
the interface between bone and standard size DMLS implants
in order to fully understand the dynamics that occur at that
level in the long-term. For this purpose, we have histolog-
ically evaluated standard size DMLS implants, which were
perfectly integrated into the bone but removed for fracture
after 5 years of function.

2. Materials and Methods

2.1. Implant Fabrication and Surface Characteristics. The
DMLS fixtures (TixOs�, Leader Implants, Cinisello Balsamo,
Italy) were fabricated from Ti-6Al-4V micropowders (diam-
eter: 25–45 𝜇m). The implants were fabricated in ytterbium
laser machine (Eosint270�, EOS, Munich, Germany) in an
argon atmosphere. The laser had the possibility of construct-
ing 250 × 250 × 215mm of volume and used a wavelength of
1,054 nm with a power (continuous) of 200W and a 7m/s of
scanning rate; the laser spot had a size of 0.1mm.The residual
weakly adherent particles of Ti-6Al-4V were removed as
follows. The implants were sonicated in distilled water for 5
minutes at a temperature of 25∘C and then were immersed in
hydrogen peroxide (20 g/l) and NaOH (20 g/l) for 30 minutes
at a temperature of 80∘C.The implants were further sonicated
in distilled water for other 5minutes at a temperature of 25∘C.
Finally, the fixtures were cleaned by immersion in an organic
acid mixture comprised of 50% maleic acid and 50% oxalic
acid for 45minutes at a temperature of 80∘C andwere washed
in a sonic bath of distilled water for 5 minutes. Sterilization
was obtained using gamma radiation, and then the implants
were packed. The surface roughness of the DMLS had an 𝑅𝑎
of 66.8 𝜇m, 𝑅𝑞 of 77.55 𝜇m, and 𝑅𝑧 of 358.3 𝜇m (Figure 1) as
previously reported [11–13].

2.2. Implant Retrieval and Evaluation. Two DMLS titanium
fixtures and the surrounding hard tissues were retrieved
after fracture of the implant body occurred after 5 years of
functional prosthetic loading. Both of these implants were
located in the anterior regions (one in the anterior maxilla
and the other in the anterior mandible) of two different
patients (a 45-year-old and a 70-year-old man, resp.) where
they supported a fixed implant-supported prosthesis and a
removable overdenture, respectively. Both of these implants
were stable before removal and did not suffer from any
infection; the fixtures were removed using a 5mm trephine
bur.

2.3. Specimen Processing. The implants were retrieved after
5 years of prosthetic loading and processed as previously
reported [14, 22] in order to perform histologic and histo-
morphometric evaluation. In brief, the specimens were first
washed with saline and then immediately fixed using 0.1%
glutaraldehyde and 4% paraformaldehyde in a 0.15mol/L
cacodylate buffer at pH of 7.4 with a temperature of 4∘C.
The specimens were processed for histology as follows.
Thin sections were obtained with the aid of a dedicated
cutting machine (Precise Automated One�, Assing Systems,
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Figure 1: The scanning electron microscopy (SEM) evaluation of the DMLS titanium implant showed a porous surface ((a) magnification
47x) with globular protrusions ((b) magnification 842x), rich in cavities interconnected with by pores ((c) magnification 1100x), and irregular
crevices ((d) magnification 2270x).

Rome, Italy) and were dehydrated in a series of ascend-
ing alcohol rinses. These sections were then embedded in
resin glycol methacrylate (Technovit 7200 VLC�, Heraeus,
Wehrheim, Germany). After polymerization was completed,
the specimens were cut using diamond disks and grinding
machines to approximately 30 𝜇m.Acid fuchsin and toluidine
blue were used to stain the slides, which were observed
under a polarized-light microscope (Laborlux S�, Leitz,
Wetzlar, Germany). Histomorphometry of the percentages
of bone-to-implant contact was calculated by means of the
aforementioned microscope connected to a camera with
high resolution (JVC3CCDJVCKYF55B�, JVC, Yokohama,
Japan) and interfaced to a monitor and personal computer
(Pentium III 1200 MMX�, Intel, Santa Clara, CA, USA).
A digitizing pad (D-Pad�, Matrix Vision, Oppenweiler,
Germany) was associated with the optical system and a
histometry software package with the capability to capture
images (ImageProPlus4.5�, Immagini&C, Milan, Italy). For
the histomorphometric evaluation, the bone-to-implant con-
tact (BIC%), defined as the amount of mineralized bone in
direct contact with the implant surface, wasmeasured around
all implant surfaces. Means and standard deviations of BIC%
were calculated for each implant and then for all implants.

3. Results

Bone trabeculae were evidenced around all the implants at
low magnification. The first bone-to-implant contact was

Figure 2: Specimen harvested from the anterior maxilla of a 45-
year-old patient. Trabecular, mature bone at the interface of the
implant.The first bone-to-implant contact was located at the level of
the fracture line of the implant. Bone remodeling areas were present.
Acid fuchsin-toluidine blue, magnification 12x.

located at the level of the fracture line. In the apical portion
of the interface, small amounts of newly formed bone in close
contact to the implant surface could be observed (Figure 2).
Around the implant, bonewas present in differentmaturation
stages and many remodeling areas and reversal lines were
evident (Figure 3). Near the implant surface, small and large
marrow spaces were detected with many blood vessels and
osteoblasts present.Those osteoblasts appeared in the process
of forming new bone starting from the implant surface
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Figure 3: Bone remodeling areas and marrow spaces were present
near the implant surface.No gapswere evident at the interface. A rim
of osteoblastsmaking new osteoidmatrix on the implant surfacewas
evidenced. Acid fuchsin-toluidine blue, magnification 40x.

Figure 4: Blood vessels of different sizes were present within the
marrow spaces. Osteoid matrix was evident inside the marrow
spaces and secondary osteons could be seen abutting the implant
surface. Acid fuchsin-toluidine blue, magnification 100x.

toward the marrow space (Figure 4). At high magnification,
bone was adapted to the microirregularities of the implant
surface. In some areas of the peri-implant bone, it was
possible to see osteocyte lacunae in close contact with the
implant surface. No fibrous tissues or gaps were present at
the interface (Figure 5).The histomorphometrical evaluation
showed a mean bone-to-implant contact of 66.1% (±4.5%).

4. Discussion

In recent years, patients have become increasingly demand-
ing, requiring minimally invasive treatments and a reduction
of the number of surgical sessions and time of treatment
[1–4, 19, 20]. In this sense, it is not surprising that the
immediate implant placement in extraction sockets and
immediate functional loading have great success today [2, 4,
19, 20]. The placement of implants in fresh extraction sockets
immediately after the extraction of nonrestorable teeth allows
clinicians to reduce the number of surgical sessions and
the invasiveness of the treatment while decreasing inconve-
nience and psychological stress for the patient [1, 3, 19]. At
the same time, the possibility of immediately loading the
implants allows the industry to globally reduce the duration

Figure 5: Bone was in tight contact with the implants surface and
adapted to all its microirregularities. Acid fuchsin-toluidine blue,
magnification 200x.

of implant-prosthetic treatment and restore aesthetics and
function without periods of temporization with removable
dentures which is usually unwelcome to the patient [2–4].

The establishment of new surgical (such as the placement
of immediate implants in extraction sockets) [3, 19] and
prosthetics (such as immediate loading) protocols [2, 4, 20]
is now a clinical reality, but also a challenge for dentists as
the survival and success of implant-supported rehabilitation
must be obtained in a context of greater risks [2–4, 6]. It is well
known that the stabilization of an implant in a fresh postex-
traction socket can be difficult [1, 3]. Similarly, the immediate
functional loading can represent a risk for an implant because
the prosthetic load may transmit micromovements at the
bone-implant interface and these movements, if they exceed
a certain threshold, can interfere with bone healing and
osseointegration [2, 4–6].

In order to enhance the integration of the fixture in the
bone to reduce healing time and anticipate the functional-
ization, a series of new implant surfaces with micro- and
nanotopographical features have been recently introduced
into the market with the aim of stimulating and promoting
bone formation [7–9, 23].

An alternative solution to these surface treatments is
now represented by three-dimensional (3D) printing or
additive manufacturing techniques applied to the world of
implantology [10, 11]. Direct metal laser sintering (DMLS) is
an additivemanufacturing technique that builds objects layer
by layer starting from metal powders [10, 11]. This technique
can be effectively used to fabricate dental implants through
the fusion of titaniummicropowders by means of a powerful
laser beam. The fixtures are then fabricated layer by layer
according to a computer-assisted-design (CAD) project [11–
13, 15].

Several in vitro studies have demonstrated that titanium
DMLS implants possess a highly porous surface structure
with an open interconnected porosity where the surface
concavities are connected with internal pores through a
dense network of tunnels and interconnections [11–13, 24].
This honeycomb structure may be able to support the rapid
formation of fibrin networks and drive the cell migration
and the differentiation of the mesenchymal stem cells into
functional osteoblasts capable of producing new bone [11–13].
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Several histologic and histomorphometric studies have
investigated the osseointegration of DMLS titanium implants
in different animal models [25–28].

In a biomechanical and histologic/histomorphometric
study on the beagle dogs,Witek et al. [25] compared the early
bone response to laser sintered and alumina blasted/acid-
etched implants. Four implants were placed in the radius of
18 Beagle dogs; after a period of 1, 3, and 6 weeks, all implants
were retrieved for histologic/histomorphometric evaluation
[25]. At the end of the study, a significantly higher BIC% was
observed in the laser sintered implants only at 1week,whereas
no significant differences were reported for the two groups of
implants, at 3 and 6 weeks, respectively [25]. However, the
laser sintered implants showed biocompatible and osteocon-
ductive properties and an improved biomechanical response
with higher removal torque at 1 and 6 weeks, when compared
to alumina blasted/acid-etched implants [25].

In another interesting histomorphometric and microCT
study, Cohen et al. [26] compared the bone response to
two different implants in the rabbit femur: laser sintered
solid and porous implants. In this study, both microCT and
histomorphometry showed significantly higher new bone
volume for porous compared to solid implants, and bone
growthwas observed in porous implant pores, especially near
apical portions of the implant [26]. Accordingly, the authors
concluded that laser sintered implants with micro/nanoscale
surface roughness and trabecular porosity can stimulate
new bone growth and may therefore be used as a superior
alternative to solid implants for bone-interfacing implants
[26].

These results confirmed the evidence emerging from a
previous in vitro study [27], in which the same authors
suggested that a 3D architecture may enhance the osseoin-
tegration of dental implants in vivo.

In contrast, Bowers et al. [28] found no statistically
significant difference in the BIC% of laser sintered and
resorbable blasting media dental implants, installed in the
mandible of six sheep, and retrieved after an undisturbed
period of six weeks.

However, the humanhistologic/histomorphometric stud-
ies are certainly the best way to investigate the bone-implant
interfaces [14, 22, 23].

Previous histologic and histomorphometric researches
have investigated the interface between bone and DMLS
implants in the first period of healing; however, those were
experimental and transitional fixtures of reduced dimension
removed 2 months after insertion [15–18, 24].

In a histologic/histomorphometric study on the human
posterior maxilla (type IV bone), 30 transitional mini-
implants (10DMLS titanium implants, 10machined implants,
and 10 dual acid-etched implants) were inserted in 30 patients
(one implant per patient) and left unloaded for a period of 2
months. After that, the fixtures were retrieved for histologic
and histomorphometric examination [24]. The BIC% was
higher for the DMLS and DAE implants compared with the
machined implants (𝑝 = 0.0002) [24].

Similar results were found in a subsequent human
histologic/histomorphometric study where 12 fully edentu-
lous subjects had two DMLS experimental implants in the

posterior maxilla installed. One fixture was immediately
loaded, whereas the other was left unloaded [15]. The loaded
implants supported a complete removable denture for 2
months [15]. After this period, the experimental implants
and their surrounding tissue were retrieved and processed
for histologic/histomorphometric analysis [15]. The authors
found mature, woven, preexisting bone lined by new bone in
the early maturation stages. The histomorphometric analysis
showed a mean BIC% of 45.20% (±7.68%) and 34.10%
(±7.85%) for immediately loaded and unloaded fixtures,
respectively (𝑝 < 0.05) [15].Therefore, the authors concluded
that although both loaded and unloaded implants showed
high percentage of bone contact, immediately loaded fixtures
had a higher BIC% [15].

In another study, four patients were installed with exper-
imental, transitional DMLS titanium implants [16]. The
implants were installed in the posterior mandible and then
retrievedwith the surrounding tissues after 2months in order
to performa scanning electronmicroscopy (SEM) andoptical
histologic analysis [16]. The SEM evaluation showed new
bone with calcium and phosphorus, whereas the histometric
evaluation found a mean BIC% of 60.5 ± 11.6% [16].

In another report, the same authors found a BIC% of
69.5% in experimental, transitional DMLS titanium implants
placed in the posteriormaxilla.These were left unloaded for a
2-month period and then retrieved for histologic evaluation
[17]. In particular, the peri-implant bone was in tight contact
with the surface, marrow spaces were evidenced in other
areas, and the cement lines were prominently stained [17].

Our present histologic/histomorphometric work is the
first that has examined the interface between bone and
DMLS implants of standard size that underwent functional
loading for a period of 5 years, and it seems to confirm the
findings of the previous aforementioned reports. In fact, the
histologic sections depicted trabecular, mature bone around
the entire implant surface with many remodeling areas.
Bone was in tight contact with the implant surface and
adapted to all its microirregularities, and rims of osteoblasts
depositing osteoid matrix directly on the implant surface
could be observed. In accordance with the previous literature,
a satisfactory high mean BIC% of 66.1% (±4.5%) was found.
The present work confirmed that the 3D environment of
cavities, tunnels, and pores of various dimensions obtained
with the DMLS technique and the subsequent treatment of
the surface with organic acids (oxalic and maleic acids) may
provide an optimal substratum for bone tissue ingrowth after
functional loading in the long-term.

It could be hypothesized that bone formation within the
concavities of the DLMS surface occurs when mesenchymal
stem cells migrate into the pores, stop proliferation, and
start the differentiation into functional osteoblasts [12, 13].
In particular, the porous surface of DMLS implants may
enhance the proliferation and differentiation of bone cells
[29], while growth factors (for example, bone morphogenetic
proteins) may become concentrated within cavities and then
slowly be released over time [29].

In the face of these supposed biological advantages which
must be confirmed by further studies, doubts emerge about
the mechanical resistance of titanium implants fabricated



6 BioMed Research International

with DMLS technology [30]. A fixture should not fracture
after 5 years of function. From the clinical point of view, the
fracture of the implant body is a major complication that
forces the clinician to remove and replace the fixture with
another one.This removal can be technically difficult andmay
result in a large bone defect [30], especially where integration
with the hard tissues is optimal and the contact between bone
and implant is so high.

5. Conclusions

In this present study, a histologic/histomorphometric eval-
uation of the peri-implant tissues around two fractured
DMLS titanium implants removed from the humanmandible
after 5 years of functional loading was performed. Bone
appeared consistently adherent to the surface, as revealed
by the light optical microscopy. The hard tissue grew into
the concavities of the titanium surface and completely filled
the implant threads. The DMLS implants appeared well
integrated over the long-term, with bone tissue around the
implant undergoing continuous remodeling. In conclusion,
the present study confirms that the DMLS surface may
provide an excellent substratum bone tissue ingrowth after
functional loading in the long-term. However, controlled
histologic/histomorphometric studies are needed to further
validate the present results.
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The presence of vital bone after maxillary sinus augmentation is crucial to enhance the quality of bone-implant interface, ensuring
predictable long-term results.The aims of this RCTwith split-mouth designwere the histologic andhistomorphometric comparison
of two different biomaterials in sinus elevation after 6 months of healing and the evaluation of the clinical outcomes of implants
inserted in the augmented areas after 12 months of prosthetic loading. Twenty-eight patients (10 females, 18 males) were treated
with bilateral sinus floor elevation with lateral approach. Pure sintered nanohydroxyapatite (NHA) and anorganic bovine bone
(ABB) were used as test and active control, respectively. After six months, 52 bone biopsies were harvested from 26 patients, and
107 implants were inserted in the augmented areas. Histomorphometry showed that, in the two groups, vital bone percentages were
34.9 ± 15% (NHA) and 38.5 ± 17% (ABB) (𝑝 = 0.428), marrow spaces percentages were 44.5 ± 18% (NHA) and 43.5 ± 23% (ABB)
(𝑝 = 0.866), and residual graft percentages were 20.6 ± 13% (NHA) and 22.3 ± 12% (ABB) (𝑝 = 0.638). After 6 months of healing,
no statistically significant difference was present in histomorphometric outcomes between NHA and ABB groups. Implant survival
rate in NHA group after 12 months of loading was 96.4%, showing no statistically significant differences with ABB group.

1. Introduction

Bone resorption and sinus pneumatization are common
occurrences in the posterior maxilla after tooth extraction:
they may cause both a quantitative reduction and qualitative
deterioration of bone, resulting in an inadequate bone vol-
ume for dental implant placement [1]. Sinus floor elevation
technique had been described more than 35 years ago
[2] and extensively studied afterwards, demonstrating high
predictability in regenerating bone and allowing for reliable
implant supported rehabilitation [3, 4]. Accurate presurgi-
cal planning is a mandatory step: sinus three-dimensional

conformation, eventual presence of Underwood septa, and
precise localization of the alveolar-antral artery should be
assessed and carefully evaluated in order to minimize intra-
operative complications and optimize surgical techniques [5–
7].

In general, the quality of osseointegration of dental
implants is directly related to the bone-implant contact: in
a regenerated tissue, the quantity of newly formed bone is
of paramount importance for successful integration of the
fixture. Therefore, an adequate biomaterial choice is the first
crucial step in bone-implant interface engineering to ensure
positive clinical long-term results.
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Autogenous bone had been the first grafting material to
be used in sinus floor elevation, being considered as the gold
standard option for a long time [8], but its tendency of resorp-
tion, its limited availability, and the necessity of a donor
site with associated increased morbidity for the patient
should be considered as major drawbacks. In the attempt to
overcome these limitations, many biomaterials had been pro-
posed and tested, such as allografts, 𝛽-tricalcium phosphate,
calcium sulphate, and bone mineral matrix [9–15]. However,
anorganic bovine bone (ABB) is probably the most widely
investigated bone substitute and, when used in sinus floor
elevation, demonstrated satisfactory osteoconductive prop-
erties and dimensional stability: from a clinical point of
view, implants inserted in ABB-grafted areas showed a high
survival rate over time [16, 17].

Also, synthetic hydroxyapatites, when used as a bone
graft, showed a high degree of biocompatibility and support
for cellular activity: they stimulate osteoconduction and are
generally slowly replaced by the host bone after implantation
[18]. Continuous improvements in synthesis, manufacturing
technology, and purification have led to a variety of synthetic
HA-based materials with different properties. Among them,
synthetic hydroxyapatite with nanoscale porosities seems
to favor bone matrix proteins adhesion and to promote
differentiation of osteoblast precursor cells [19, 20]. Even
if nanocrystalline HA embedded in a highly porous silica
gel matrix was already tested as a material for sinus floor
elevation [21, 22], a prospective study with a direct com-
parison between the behavior in the maxillary sinus of pure
sintered nanohydroxyapatite (NHA) and ABB in terms of
osteoconductive potential was not performed yet.

The aim of this parallel-group, superiority randomized
clinical trial (RCT)with split-mouth designwas the histologic
and histomorphometric comparison for the newly formed
tissue after sinus floor elevation with lateral approach per-
formed by using two different grafting materials: NHA as test
and ABB as active control.

An additional aim was the evaluation of the clinical
outcomes of dental implants inserted in the augmented areas
after 12 months of prosthetic loading. The planned follow-up
for this study is five years after prosthetic loading.

2. Materials and Methods

2.1. Study Design. The present study was a multicenter ran-
domized controlled clinical trial with a split-mouth design,
following CONSORT guidelines, and was conducted in four
clinical centers in accordance with theGoodClinical Practice
Guidelines (GCPs) and with the recommendations of the
Declaration of Helsinki as revised in Fortaleza (2013) for
investigations with human subjects. The study protocol had
been approved by the relevant ethical committee (Comitato
Etico Calabria-Sezione Area Nord) and registered in a public
register (NCT03077867).

Patients were thoroughly informed about the protocol,
the treatment and its alternatives, the benefits, and the
possible risks and signed written informed consent for the
participation in the study. This superiority trial tested the
null hypothesis of no differences in new bone formation

and dental implant survival between NHA bone grafts (test
group) and ABB grafts (active control group) in atrophic
maxillae treated with sinus floor elevation with lateral
approach.

2.2. Study Population. Eligible participants were adult pa-
tients (aged ≥ 18 years), with severe bilateral maxillary
atrophy (crestal height < 3mm, class V-VI of Cawood and
Howell classification [23]) and needing sinus floor elevation
to allow for fixed rehabilitation supported by osseointegrated
implants, inserted with a staged approach.

Exclusion criteria were

(1) acute myocardial infarction within the past 2 months;
(2) uncontrolled coagulation disorders;
(3) uncontrolled diabetes (HbA1c > 7.5%);
(4) radiotherapy to the head/neck district within the past

24 months;
(5) immunocompromised patients (HIV infection or

chemotherapy within the past 5 years);
(6) present or past treatment with intravenous bisphos-

phonates;
(7) allergy to bovine collagen;
(8) presence of uncontrolled or untreated periodontal

disease;
(9) presence of sinusal pathologies contraindicating sinus

floor elevation procedures;
(10) psychological or psychiatric problems;
(11) alcohol or drugs abuse;
(12) patient not fully able to comply with the study

protocol;
(13) Schneiderian membrane perforation during surgery.

2.3. Surgical Procedures. Surgical procedureswere performed
in four centers by experienced operators (CS, TL, FO, and
AAM). Patients were draped to guarantee maximum asepsis
and perioral skin was disinfected by using iodopovidone 10%
(Betadine, Medifarm, Italy). After performing local anesthe-
sia by using articaine 4% with epinephrine 1 : 100.000 (Artin,
Omnia, Italy) and raising a full-thickness flap, a window was
designed on the lateral wall of the sinus by using ultrasonic
instrumentation with the erosion technique (Piezosurgery
Touch, Mectron, Italy, and Piezotome, Acteon, France) [24]
and the Schneiderian membrane was carefully elevated
using ultrasonic inserts and manual curettes. After checking
the integrity of the Schneiderian membrane with Valsalva
maneuver, the randomization sealed opaque envelope was
opened, revealing to the surgeon the grafting material to be
used. The biomaterials selected for this study were sintered
NHA (Fisiograft Bone Granular, Ghimas, Italy) in the test
sites and ABB (Bio-Oss, Geistlich, Switzerland) in the control
sites. After the completion of the grafting procedure, the
antrostomy was covered by a resorbable bovine collagen
membrane (Bio-Gide, Geistlich, Switzerland), fixed with two
pins (Micropin, Omnia, Italy), and flaps were sutured with

https://clinicaltrials.gov/ct2/show/NCT03077867
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Sentineri technique [25] and single stitches using a synthetic
monofilament (PTFE, Omnia, Italy).

The contralateral sinus floor augmentation was per-
formed in the same surgical session, with the same surgical
protocol, inserting the grafting material not selected in the
first intervention.

Patients were prescribed antibiotics for 6 days (amoxi-
cillin 1 g twice a day or, in allergic patients, clarithromycin
250mg three times a day) and NSAID (ibuprofen 600mg),
when needed.

All patients were also advised to sneeze with the mouth
open and to avoid nose blowing for two weeks, to prevent
unnecessary pressure on the sinus membrane.

Sutures were removed 10 days after surgery. Postsurgical
visits were scheduled at monthly intervals to check the course
of healing. After six months, bone-core biopsies were col-
lected from the grafted areas using a trephine bur (3.5mm
diameter) during the implant bed preparation, and then
dental implants (BnxEvo, Ghimas, Italy) were inserted in the
harvesting sites. Bone-core specimenswere collectedwith the
assistance of surgical templates based upon individual pros-
thetic requirements. The surgical guides were also used to
insert the other programmed implants into the augmented
areas: they were left submerged for a four-month healing
period, prior to being connected to healing abutments.
Finally, implants were restored with screwed metal-ceramic
prostheses and patients were followed up for twelve months
after loading.

2.4. Histological Analysis. Bone biopsies, left inside the
trephine burs, were carefully rinsed for 30–40 seconds with
a cold 5% glucose solution to remove blood maintaining the
correct osmolarity (278mOsm/L).

The specimens were then placed in Eppendorf tubes with
an adequate volume (at least ten times the volume of the
specimen) of 10% formalin solution buffered with phosphate
to pH 7.2.

Each specimen was stored in a separate container and
labeled. Both patient name and operator ID were noted
on a separate sheet to identify the specimens. During the
processing phase, both patient name and operator ID were
designated by a numerical code.

The specimens were rinsed twice with phosphate-
buffered saline and dehydratedwith a graded series of alcohol
at 4∘C for seven days. Complete dehydration was then
obtained with absolute alcohol immersion for two additional
days. Subsequently, the specimens were preinfiltrated in a
50% resin/alcohol solution (Technovit 7200 VLC, Kulzer,
Germany) for ten days and completely embedded in 100%
resin (two changes) using a vacuum chamber for twenty addi-
tional days or until the specimens have become transparent.

Finally, specimens were easily removed from the trephine
bur using a custom-made plunger (thanks to the shrinkage
consequent to dehydration and resin infiltration) and then
oriented and polymerized.

After polymerization, the specimens were cut along the
longitudinal axis using a high-precision diamond disc at
about 50 microns (TT System, TMA2, Italy). The sections
were ground under running water to about 30 ± 10 microns

using a series of polishing discs from 400 to 1200 grits,
followed by a final polishwith 0.3-micron alumina in amicro-
grinding system (TT System, TMA2, Italy).

The prepared sections were stained with Toluidine Blue
and Azure II and counterstained with acid fuchsin or double-
stained with Toluidine Blue with Pironine G at 1% and
Azure II. The investigation was conducted in a transmitted
brightfield microscope (BX 51, Olympus America, USA)
and under brightfield/circularly polarized light microscope
(Axiolab, Zeiss, Germany) both connected to high-resolution
digital cameras (FinePix S2 Pro, Fuji Photo Film, Japan).

Digital photomicrographs were used for histomorpho-
metric analysis, which was performed by a trained and
experienced operator (TT). The following parameters were
measured: (1) amount of tissue collected with the biopsies
over the obtained sections (size of samples); (2) amount of
vital bone as absolute value (mm2) and as relative value (vital
bone area/total sample size × 100); (3) marrow space (con-
nective tissue) as absolute value (mm2) and as relative value
(connective tissue area/total sample size × 100); (4) residual
grafting material as absolute value (mm2) and as relative
value (biomaterial area/total sample size× 100). A histometric
software package with image capturing capabilities (Image-
Pro Plus 6.0, Media Cybernetics Inc., USA) was used. To
ensure accuracy, the software was calibrated for each exper-
imental image using a feature named “Calibration Wizard,”
which creates a linear remapping of the pixel numbers inmil-
limeters. Intraexaminer variability was controlled by carrying
out two measurements for each controlled index. When the
difference between the two performed readings exceeded 5%
for the same index, the measurement was repeated.

2.5. Outcomes. This study evaluated the following outcome
measures:

(i) Quality of the newly formed tissue: (1) new bone
formation (percentage of newly formed bone area
to total measured area), (2) residual graft particles
(percentage of graft particles area to total measured
area), and (3) marrow spaces (percentage of soft-
tissue area to total measured area).

(ii) Implant failure: implantmobility and/or any situation
suggesting implant removal.

(iii) Biological and mechanical complications: any com-
plication defined as an unexpected deviation from the
normal treatment outcome, both biological (mem-
brane perforation, hemorrhagic events, sinusitis,
peri-implantitis, etc.) and mechanical (implant frac-
ture, prosthesis fracture, fixation screw loosening,
etc.)

2.6. Sample Size and Statistical Power. Maxillary sinuses were
divided into two groups, depending on the grafting material
used: a sample size of 24 sinuses per group was needed
to detect an effect size of 0.6 on the quantity of newly
formed bone (primary outcome), referred to as indicative
of a medium effect [26], between the groups (alpha level
set at 0.05 and power of 80%) (DSS Research, Fort Worth,
USA). The effect size is defined as the difference in the given
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Table 1: Patient characteristics at baseline.

Males 18 (64.3%)
Females 10 (35.7%)
Mean age (range) 60.1 (39–79)
Nonsmoker 18 (64.3%)
Light smoker (<10) 6 (21.4%)
Heavy smoker (≥10) 4 (14.3%)
Mean residual bone (SD) (range) (mm) 2.0 (0.7) (0.5–3)

outcome between the groups divided by the within-subjects
standard deviations. Each clinical center treated 7 patients
with bilateral sinus floor elevation for a total of 56 augmented
sinuses to compensate eventual dropouts occurring during
the study.

2.7. Randomization. A computer-generated table, distribut-
ing right and left sinuses of each patient into two groups (test
and control), was prepared using a balanced, randomly per-
muted block approach (http://www.randomization.com/).
The randomization codes were enclosed in numbered, sealed,
opaque envelopes which were opened after Schneiderian
membrane elevation. Therefore, treatment allocation was
concealed to the surgeons in charge of recruiting and treating
the patients included in this clinical trial.

2.8. Statistical Analysis. Statistical analysis was performed
by means of a computerized statistical package (SigmaStat
3.5, SPSS Inc., Germany). Data were expressed as mean
± SD and median (interquartile range), respectively, for
parametric and nonparametric values. Items were analyzed
with descriptive statistics to assess whether they had a
normal distribution; both equal variance and normality tests
were used. Considering the two-arm superiority RCT study
design, the hypothesis was tested using unpaired 𝑡-test in case
of normally distributed data, while Mann–Whitney 𝑈 test
was performed to compare nonparametric values. A 𝑝 value
< 0.05 was considered statistically significant.

3. Results

3.1. Clinical Results. Twenty-eight patients (aged 60.1 ± 10.7
years, range: 39–79 years, 10 females, 18 males) were enrolled,
randomized, and treated with bilateral sinus floor elevation
with lateral approach. Each clinical center contributed with
7 patients. Eighteen patients were nonsmokers, six light
smokers, and four heavy smokers. Preoperative residual
bone crest height ranged from 0.5 to 3mm (mean height:
2.03±0.75mm).Themain baseline patient characteristics are
summarized in Table 1.

Three sinus membrane perforations occurred during
elevation in two patients, who dropped out from the study.
However, membrane perforations were covered by multiple
layers of A-PRF membranes (PRF Duo, Mectron, Italy) and
grafting procedures were successfully completed in all of
the three cases. No other intraoperative complications were
recorded. The healing period following sinus augmentation
was uneventful in all patients.

NHA NHA NHA

ABB ABB ABB

2.0mm

Figure 1: Sections of bone cores retrieved after 6 months of healing.
NHA: sintered nanohydroxyapatite; ABB: anorganic bovine bone
(Toluidine Blue and Azure II; original magnification: 12x).

Sixmonths after sinus floor elevation procedures, 52 bone
biopsies were harvested from 26 patients (26 biopsies in
test sites, 26 in control sites), and a total of 107 implants
were inserted and submerged under the soft tissues (55
implants in test sites, 52 in control sites). After four additional
months, at healing abutments connection, three implants
in three patients resulted to be not osseointegrated (2.8%
cumulative failure rate): two implants were inserted in test
sites (3.6% failure) and one implant was inserted in a control
site (1.9% failure). Difference in implant failure rate between
test and control groups was not statistically significant (𝑝 =
0.32, unpaired 𝑡-test). After an accurate debridement of the
implant bed, removed fixtures were immediately replaced
with larger diameter implants, which were restored after four
additional months of healing. Metal-ceramic screwed pros-
theses were delivered and, at 12-month follow-up, all implants
and prostheses were successfully in function without the
occurrence of any biological or mechanical complication.

3.2. Histomorphometric Results. Thesections of the harvested
biopsies had amean surface of 9.05± 2.7mm2 forNHAgroup
and 10.31 ± 2.9mm2 for ABB group. The difference between
the two groups was not statistically significant (𝑝 = 0.116,
unpaired 𝑡-test). Area of vital bone was 3.29 ± 2.1mm2 for
NHAgroup and 4.12± 2.9mm2 forABBgroup.Thedifference
between the two groups was not statistically significant (𝑝 =
0.213, Mann–Whitney 𝑈 test). Connective tissue area was
3.82 ± 1.5mm2 for NHA group and 4.09 ± 2.3mm2 for
ABB group. The difference between the two groups was not
statistically significant (𝑝 = 0.869, Mann–Whitney 𝑈 test).
The area occupied by residual grafting material was 1.92 ±
1.4mm2 for NHA group and 2.09 ± 1.4mm2 for ABB group.
The difference between the two groups was not statistically
significant (𝑝 = 0.516, Mann–Whitney 𝑈 test). The results
are summarized in Table 2 and Figures 1 and 2.

The average percentage of vital bone was 34.9 ± 15% for
NHA group and 38.5 ± 17% for ABB group. The difference
between the two groups was not statistically significant (𝑝 =
0.428, unpaired 𝑡-test). The average percentage of connective
tissue was 44.5 ± 18% for NHA group and 43.5 ± 23% for
ABB group. The difference between the two groups was not
statistically significant (𝑝 = 0.866, unpaired 𝑡-test). The
average percentage of residual grafting material was 20.6 ±
13% forNHAgroup and 22.3±12% forABB group.Thediffer-
ence between the two groups was not statistically significant

http://www.randomization.com/
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Table 2: Total area of the analyzed sections [mm2].

Samples Missing Mean Std. dev. Std. error CI of mean
Total area ABB 26 0 10,319 2,923 0,573 1,180
Total area NHA 26 0 9,052 2,796 0,548 1,129
Vital bone ABB 26 0 4,129 2,992 0,587 1,208
Vital bone NHA 26 0 3,297 2,199 0,431 0,888
Connective ABB 26 0 4,090 2,355 0,462 0,951
Connective NHA 26 0 3,828 1,510 0,296 0,610
Biomaterial ABB 26 0 2,099 1,421 0,279 0,574
Biomaterial NHA 26 0 1,926 1,486 0,291 0,600

Range Max. Min. Median 25% 75%
Total area ABB 12,190 18,340 6,150 9,920 8,720 11,120
Total area NHA 10,600 14,480 3,880 8,550 7,210 11,000
Vital bone ABB 15,820 16,950 1,130 3,705 2,530 5,040
Vital bone NHA 9,700 9,960 0,260 2,750 1,840 4,630
Connective ABB 7,920 8,470 0,550 3,815 1,920 6,230
Connective NHA 6,320 6,920 0,600 3,900 2,960 4,940
Biomaterial ABB 5,480 5,540 0,0600 1,795 1,200 3,110
Biomaterial NHA 5,380 5,530 0,150 1,530 0,810 2,770

Skewness Kurtosis K-S dist. K-S prob. Sum Sum of squares
Total area ABB 0,916 0,972 0,161 0,080 268,290 2981,976
Total area NHA 0,260 −0,524 0,111 0,515 235,340 2325,652
Vital bone ABB 3,279 13,938 0,221 0,002 107,360 667,054
Vital bone NHA 1,232 2,081 0,123 0,380 85,730 403,549
Connective ABB 0,139 −1,039 0,107 0,573 106,350 573,633
Connective NHA −0,240 −0,184 0,137 0,228 99,530 437,977
Biomaterial ABB 0,596 −0,208 0,138 0,222 54,570 165,038
Biomaterial NHA 1,117 0,622 0,168 0,057 50,080 151,657

p = 0.116；

p = 0.213＜

p = 0.869＜

p = 0.516＜
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Figure 2: Samples area (mm2) and surface of vital bone, connective
tissue, and biomaterial remnants (mm2). NHA: sintered nanohy-
droxyapatite; ABB: anorganic bovine bone. (a) Unpaired 𝑡-test; (b):
Mann–Whitney 𝑈 test. Level of significance: 𝑝 < 0.05.

(𝑝 = 0.638, unpaired 𝑡-test). Results are summarized in
Table 3 and Figure 3.
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Figure 3: Histomorphometric measurements expressed in percent-
age. NHA: sintered nanohydroxyapatite; ABB: anorganic bovine
bone. (a) Unpaired 𝑡-test. Level of significance: 𝑝 < 0.05.

4. Discussion

In the clinical practice, the final purpose of bone regeneration
is the formation of an adequate quantity of tissue of good
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Table 3: Histomorphometric data expressed in percentage [%].

Samples Missing Mean Std. dev. Std. error CI of mean
Vital bone rate ABB 26 0 0,385 0,170 0,0333 0,0685
Vital bone rate NHA 26 0 0,349 0,155 0,0303 0,0625
Connective rate ABB 26 0 0,435 0,232 0,0456 0,0939
Connective rate NHA 26 0 0,445 0,181 0,0354 0,0729
Biomaterial rate ABB 26 0 0,223 0,128 0,0252 0,0518
Biomaterial rate NHA 26 0 0,206 0,135 0,0265 0,0546

Range Max. Min. Median 25% 75%
Vital bone rate ABB 0,810 0,924 0,114 0,379 0,263 0,469
Vital bone rate NHA 0,661 0,688 0,0270 0,339 0,279 0,465
Connective rate ABB 0,942 0,990 0,0480 0,462 0,293 0,560
Connective rate NHA 0,709 0,786 0,0770 0,453 0,308 0,562
Biomaterial rate ABB 0,442 0,448 0,00600 0,228 0,138 0,310
Biomaterial rate NHA 0,524 0,550 0,0260 0,161 0,130 0,309

Skewness Kurtosis K-S dist. K-S prob. Sum Sum of squares
Vital bone rate ABB 1,256 2,846 0,131 0,288 10,015 4,576
Vital bone rate NHA −0,143 −0,0594 0,126 0,345 9,079 3,768
Connective rate ABB 0,381 0,0977 0,0961 0,698 11,316 6,276
Connective rate NHA −0,132 −0,392 0,102 0,625 11,570 5,964
Biomaterial rate ABB 0,0123 −0,727 0,0758 0,858 5,800 1,706
Biomaterial rate NHA 0,840 0,275 0,152 0,124 5,350 1,558

quality, in which to insert dental implants with a good long-
term prognosis. Obviously, the biological behavior of the bio-
materials is of primary interest. Kirkpatrick et al. underlined
the differences between the regenerative processes that have
the teleological purpose of “restitutio ad integrum” of the
affected tissue and the repair process, which is a structural
adaptation to a function task [27]. It was reported that the
bone regeneration process with alloplastic, xenograft, and
allograft bone substitutes follows threemain phases: T1 which
is the “time of grafting,” with a predominant heterogeneous
phase in suspension of blood clot and particles of biomateri-
als; T2 which is the “time of repairing,” with a solid hetero-
geneous composite phase of biomaterial remnants and newly
formed bone; T3 which is the “time of regeneration,” with
a solid homogeneous phase of newly formed bone without
biomaterials remnants. The most common bone substitute
biomaterials do not reach the phase T3 in their clinical
use [28]. However, many studies demonstrated that implant
osseointegration process can be also obtained andmaintained
in augmented sinuses where residual graft particles were still
present, without a negative influence of biomaterial remnants
on peri-implant bone regeneration [29–33].

Hence, even if autologous bone had been traditionally
considered as the gold standard to promote new bone
regeneration, the choice of alternative biomaterials is now
the preferred option in sinus floor elevation for three main
reasons: less morbidity, less resorption, and unlimited avail-
ability. ABB is themost widespread biomaterial used for sinus
grafting and its behavior had been extensively investigated
over the years, showing satisfactory long-term results [16, 17].

However, disadvantages of xenografts should also be consid-
ered: they include potential risk of prion disease transmission
[34] and reaction of the host immune system [35]; in addition,
some patients could refuse their use for religious motivations
or because they are in contrast with their lifestyle (e.g., vegans
and vegetarians). In a recent study, allografts and xenografts
elicited the highest refusal rates among the surveyed patients:
15% of the patients said they would accept a xenograft under
no circumstances, while 18% said they would accept this type
of bone graft only as a last resort [36].

The use of synthetic, alloplastic biomaterials could over-
come these limitations: they have been studied for years and
successfully used in sinus augmentation, but a direct com-
parison with xenografts, in a split-mouth design, has been
reported in the literature by very few and often underpowered
trials [15, 37–39].

The results of the present RCT showed no statistically
significant differences between NHA and ABB groups in
terms of new bone formation and survival rate of implants
inserted in the augmented areas after 12 months of prosthetic
loading: therefore, the null hypothesis tested in this study was
accepted.

The histometric comparison after 6 months of heal-
ing showed that the osteoconductive potential of NHA is
clinically and statistically comparable to ABB, even if it
resulted in a slightly lower percentage of vital bone (34.9%
against 38.5%), but showing also a lower percentage of
residual grafting material (20.6% against 22.3%). Our data
are in accordance with other human studies performed by
using synthetic hydroxyapatites as sinus grafting material,
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Figure 4: Biomaterial particles of both groups appeared to be surrounded and merged by newly formed bone. Several haversian systems (∗)
were noted in the newly formed bone. NHA: sintered nanohydroxyapatite; ABB: anorganic bovine bone; VB: vital bone; MS: marrow spaces
(Toluidine Blue and Azure II; original magnification: 100x).

Figure 5: The bone around both biomaterials was characterized by the presence of osteocytes (∗) embedded inside the mineralized bone
matrix. In the test group, osteocytes were generally more numerous near the material surface. NHA: sintered nanohydroxyapatite; ABB:
anorganic bovine bone; VB: vital bone; MS: marrow spaces (Toluidine Blue and Azure II; original magnification: 400x).

reporting new bone formation at six months ranging from
32 to 38.5% [40–42]. These results are also comparable with
the histomorphometric outcomes of sinus augmentation per-
formedbyusing solely autogenous bone (newbone formation
at six months ranging from 36.8 to 41%) [41, 43–45].

After 6 months of healing, both biomaterials used in
the present study showed a good level of “osseointegration,”
with an adequate extension of bonding surface between
host bone and the biomaterial particles. Graft remnants
were easily recognizable from the other components of the
regenerated tissue and appeared to be merged by bridges
of new bone (Figure 4). Furthermore, the bone around the
biomaterial particles was characterized by numerous osteo-
cytes embedded into the mineralized bone matrix. These
cells, in the test group, were generally more numerous near

the biomaterial surface (Figure 5): this feature indicates both
a considerable osteointegrative property due to stimulation
of the osteoblastic activity and an osteoinductive property
of the external surface of the biomaterial (Figure 6). These
aspects, according to other studies [46–48], seem particularly
related to NHA structure. As described in detail by Kasai et
al. [49], cells’ proliferation appeared to be stimulated, when
in contact with NHA paste, by the activation of epidermal
growth factor receptor (EGFR) and its downstream targets
serine/threonine protein kinase (AKT) and signal regulated
kinases (ERK 1/2). Finally, as expected, both groups showed
intense osteoconductive activities (Figure 7).

Implant survival rate in NHA group after 12 months of
loading (96.4%) showedno statistically significant differences
with ABB group. This outcome is also comparable with
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Figure 6: The new bone around some NHA particles presented osteons (∗), indicating a relative angiogenetic potential of the material.
Vessels’ growth was present in pores of adequate dimension inside the biomaterial (black arrow). NHA: sintered nanohydroxyapatite; ABB:
anorganic bovine bone; VB: vital bone; MS: marrow spaces (Toluidine Blue and Azure II; original magnification: 100x).

Figure 7: Under circularly polarized light, osteoconduction appeared clear with intimate contact between the new bone (VB) and both
biomaterials (NHA and ABB). Moreover, the differences in the microstructure (mainly collagen fiber orientation) can be observed. Around
some NHA particles, the new bone presented osteons with vessels (HC).

results reported in recent systematic reviews for sinus grafting
using solely autogenous bone (97.2–97.4%) or different bone
substitutes (98.2–98.6%) [50, 51].

Currently, the main limitation of the present study is
the relatively short time of follow-up: however, a long-term
evaluation of the clinical outcomes in the patients enrolled
in this trial had already been coordinated. Furthermore,
additional investigations on the biomechanical performances
of different bone substitutes would help in determining their
appropriate clinical use.

5. Conclusions

The findings of the present RCT showed that both NHA and
ABB led to the formation of a regenerated tissue composed
of more than 1/3 of vital bone after six months of healing,

without any statistically significant difference between test
and control groups. NHA could be regarded as a suitable
grafting material for clinical cases needing bone augmenta-
tion to allow dental implant placement.

The clinical implications of the present study include the
possibility of increasing the alternatives for the replacement
of bone autografts, which not always represent a possible
or convenient option. Sintered NHA couples the benefits
of technological advancement with the safety of synthetic
biomaterials, preventing the potential risks of xenograft
implantation to the patient.
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Aim. To evaluate the primary and secondary stability of implants in the posterior maxilla. Methods. Patients were allocated into
three groups: (A) native bone, (B) partially regenerated bone, and (C) nearly totally regenerated bone. Insertion torque (IT) and
implant stability quotient (ISQ) weremeasured at placement, to evaluate whether satisfactory high primary stability (IT ≥ 45N/cm;
ISQ≥ 60) was achieved; ISQwasmeasured 15, 30, 45, and 60 days after placement, to investigate the evolution to secondary stability.
Results. 133 implants (Anyridge�, Megagen) were installed in 59 patients: 55 fixtures were placed in Group A, 57 in Group B, and 21
in Group C. Fifty-two implants had satisfactory high primary stability (IT ≥ 45 N/cm; ISQ ≥ 60). A positive correlation was found
between all variables (IT, ISQ at t = 0, t = 60), and statistically higher IT and ISQ values were found for implants with satisfactory
high primary stability. Significant differences were found for IT and ISQ between the groups (A, B, and C); however, no drops were
reported in the median ISQ values during the healing period. Conclusions. The evaluation of the primary and secondary implant
stability may contribute to higher implant survival/success rates in critical areas, such as the regenerated posterior maxilla. The
present study is registered in the ISRCTN registry with ID ISRCTN33469250.

1. Introduction

Dental implants are considered the best treatment option to
replace nonrestorable or lost teeth: both professionals and
patients are now convinced of the validity of this treatment
procedure that shows reliable long-term results [1, 2].

In the posteriormaxilla, the rehabilitation of patientswith
implant supported fixed partial prostheses or single crowns
is now a safe and effective procedure, as demonstrated by
several clinical studies [3, 4].

In cases of advanced or severe vertical and/or horizontal
bone defects, regenerative surgical techniques are essential
to correct the initial anatomical situation, to allow the
proper placement of dental implants in the posterior maxilla
[5].

Among these regenerative techniques, maxillary sinus
augmentation [3–7], guided bone regeneration (GBR) [8],
and split-crest techniques [9] are the most commonly used
procedures to restore the ideal anatomical bone conditions
and to allow simultaneous and/or subsequent placement of
dental implants.

However, in recent years, it has been shown that the
success of fixed rehabilitation with dental implants depends
not only on the quantity (volume) of bone available for
implant placement, but also on the quality of this bone [10, 11].

The assessment of the quality of the bone structure should
be considered essential, prior to implant placement [11, 12].
In fact, the achievement and maintenance of an adequate
implant stability are fundamental prerequisites for the long-
term positive outcomes of osseointegrated implants [13, 14].
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Implant stability is key for clinical success [13, 14]. The
concept of primary stability is related to the lack of mobility
of the implant after its placement in the implant bed [13–18]
and to the measurement of the consistency of bone/implant
complex [15–20]. There are two types of implant stability:
primary and secondary stability [18–23].

Primary stability comes from themechanical engagement
of the fixture with cortical bone [13–18]. It is determined
by the quantity and quality of the available bone at implant
placement, but also from the surgical procedure [10, 15, 16]
and from the dimensions (length, diameter) and design
(macrotopographical features) of the fixture [3, 4, 8, 10, 11].

Secondary stability comes from regeneration and remod-
eling of the bone and tissue around the implant after inser-
tion, and it mainly depends on the micro/nanotopographical
features of the implant [13–18, 22–24]; however, it seems to be
highly dependent on the primary stability [10, 22, 23].

In modern implantology, with the introduction of surgi-
cal and prosthetic protocols such as the immediate placement
of implants in fresh postextraction sockets [19, 24–26] and
immediate functional loading [19, 20, 27], it is very important
to quantify implant stability at various timeframes, in order
to have a long-term prognosis for the implants placed [10, 14–
18].Therefore, the employment of simple, clinically applicable
noninvasive tests to assess implant stability and osseointegra-
tion can be considered valuable [12–18, 23]. So far, several
nondisruptive methods have been suggested to evaluate
the implant stability, such as percussion tests, radiography,
insertion torque (IT) measurement [12–18], and resonance
frequency analysis (RFA) with the implant stability quotient
(ISQ) scale [12–18, 23]. Nowadays, the most objective and
commonly used tests to measure primary stability are IT and
RFA by means of ISQ measurements: the IT measures the
rotational stability while the ISQ measures the axial stability
of the implant [12, 18–23]. However, only the ISQ allows for
the monitoring of the evolution of the fixture stability during
healing time, from primary to secondary implant stability
[13–18]. The ISQ, ranging from 1 to 100 and measured with
RFA, is a scale indicating the stability of dental implants [4,
12–19, 23]. At placement, the stability is considered acceptable
if comprised between 55 and 85 ISQ [4, 12–19, 23], and
higher values are generally found in the mandible rather than
the maxilla [4, 12–19, 23]. In all cases, a massive decrease
in ISQ values indicates a potential problem at the bone-
implant interface, and it should be considered as an early
warning because it can be indicative of clinical problems
that can lead to implant failure [12, 18–23]. In the first heal-
ing period, the implant stability usually slightly decreases,
because remodeling processes affect the preexisting bone,
responsible for the initial mechanical stabilization. Later,
however, the stability of the implant tends to increase with
time, enforced by the new bone apposition onto the implant
surface and the establishment of a secondary, biological
stability [13, 16–23]; after the bone healing is completed,
the average ISQ value of all implants is approximately 70
[12–18]. Consequently, if the ISQ at placement is sufficiently
high, a small drop in stability during the initial healing
phase has no clinical consequences; however, in the event of
rather low ISQ values at placement, a decrease of stability

may represent a problem, posing a risk for implant survival
[4, 12–18, 23].

In the posterior maxilla, the bone quality is lower than
in the mandible [3–7, 9–11, 24–27], particularly in the case of
partially or nearly totally regenerated bone [3–7, 9, 11, 24].

Therefore, the aim of the present controlled clinical trial
is to evaluate the stability of dental implants at placement, in
the human posterior maxilla, and to investigate the evolution
from primary to secondary stability, in three different groups:
patients with native bone, patients with partially regenerated
bone, and patients with nearly totally regenerated bone.

2. Materials and Methods

2.1. Patient Selection. The sample for the present study came
from subjects referred for dental implant treatment to a single
private clinical centre (Clinica Médico-Dentária RZG), over
a two-year period (2012–2014). The study was performed in
collaborationwith theDepartment ofOral Surgery, Faculty of
Dental Medicine, University of Porto. The inclusion criteria
were all adult patients (age > 18 years) in good medical and
oral conditions, who needed one or more dental implants
in the posterior maxilla, for supporting fixed rehabilitations
(single crowns or fixed partial prostheses). The willingness
to fully participate in the study, attending all the requested
follow-up sessions, was also an inclusion criterion. Exclusion
criteria included patients with uncontrolled systemic diseases
(uncompensated oral diabetes), patients with a history of
head/neck irradiation, patients with hemophilia, patients
with immune system severe deficiencies, and patients under
pharmacological therapies that could alter bone metabolism
(patients treated with oral/intravenous amino bisphospho-
nates). Pregnancy and lactation were also exclusion criteria.
Smoking habit was not an exclusion criterion per se, as only
patients smoking >20 cigarettes/day (heavy smokers) were
excluded from the present investigation. Conversely, bruxism
was not an exclusion criterion for this study. Finally, patients
who did not attend the final required follow-up session (2
months after implant placement) had to be excluded from the
statistical evaluation. All patients were fully informed of the
nature of the present study and signed an informed consent
form for the implant treatment. The study was approved
by the Ethics Committee of the Faculty of Dental Medicine
of the University of Porto (process number #890573) with
the title “Controlled Clinical Trial about the Effects of Bone
Regeneration in the Implant Stability during the Healing
Phase.” All the procedures followed the standards of the
Helsinki Declaration of 1975, as revised in 2000.

2.2. Preoperative Evaluation. Before implant placement, each
patient was investigated clinically and radiographically.
Panoramic and periapical radiographs were the primary
radiographic investigations, followed by a cone beam com-
puted tomography (CBCT) scan requested by the surgeon.
CBCT was used to accurately assess, in three dimensions
(3D), the bone volume (height/width) available for implant
placement. CBCT data could be imported and loaded into
specific navigation software (R2Gate�; MegaGen Implant,
Gyeongbuk, South Korea), with the aim of performing a
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3D reconstruction of the edentulous areas; it was therefore
possible to correctly assess the height/width of each implant
site and the thickness/density of the cortical plates and cancel-
lous bone, as well as the ridge angulations. The preoperative
evaluation included stone casts and diagnostic wax-up.

2.3. Study Design. In order to ensure that the comparisons
were performed between implants in the same location, the
implant locations were restricted to the posterior maxilla
(premolar and molar areas). The eligible patients were allo-
cated (divided) into three different groups, corresponding to
three different clinical situations.

(i) Group A: Nonregenerated (NR), Native Maxillary Bone.
This group consisted of patients who had not received any
regenerative procedure in the posterior maxilla. In these
patients, therefore, the implants were placed in entirely
native, nonregenerated bone.

(ii) Group B: Partially Regenerated (PR) Maxillary Bone. This
group consisted of patients with 3 to 6mm of available bone
in the posterior maxilla, who had been treated with GBR,
with the aim of vertically/horizontally augmenting the bone
volume available for implant placement. In these patients,
therefore, the implants weremainly placed in native bone, but
a certain amount of regenerated bone was also present.

(iii) Group C: Nearly Totally Regenerated (TR)Maxillary Bone.
This group consisted of patients with less than 3mm of
remaining native bone in height, who had been subjected
to maxillary sinus augmentation with at least 8 months of
healing time prior to implant placement. In these patients,
therefore, the implants were mainly placed in regenerated
bone.

The allocation of the patients in the three groups was
based on the patients’ anamnesis and clinical and radio-
graphic evaluation; the size and distribution of the sample
were established as aminimumof 15 to 20 implants per group.
Ideally, the distribution between groups should be balanced.
Implants in the same patient could belong to different groups
and were always considered as independent. The clinical
studywas performed over a two-year (2012–2014) period.The
follow-up after implant placement was after 2 months.

2.4. Dental Implants. The tapered fixtures used in the present
trial (Anyridge, Megagen, Gyeongsang, South Korea) are
characterized by a peculiar macrotopography, with a knife-
edge (KnifeThread�, Megagen, Gyeongsang, South Korea)
thread design. This design can guarantee high primary
stabilization, even in difficult clinical contexts, such as in
the case of low bone quality/density [4, 8], in postextraction
sockets [19], or under immediate loading protocol [19, 20].
The surface of these implants was the result of a sandblast-
ing treatment (resorbable blast media) and the subsequent
incorporation of calcium ions by means of a hydrothermal
treatment [28]. This nanotopographical surface (Xpeed�,
Megagen, Gyeongsang, South Korea) is characterized by
increased surface area/energy, for a better interaction with
biological fluids, and therefore has the potential to stimulate

and accelerate osseointegration [28, 29]. Finally, from the
prosthetic point of view, such fixtures possess a 5mm deep
conical connection (10∘) combined with an internal hexagon,
capable of ensuring high mechanical stability and a suitable
biological seal; an integrated switching platform is present, to
maintain peri-implant tissue volume over time [19, 20]. The
implants were available in various lengths (7.0, 8.5, 10.0, 11.5,
13.0, and 15.0mm) and diameters (3.5, 4.0, 4.5, 5.0, 5.5, and
6.0mm) depending on the surgical requirements.

2.5. Implant Placement. The study was conducted by a single
implantologist (RZG) with extensive experience, who per-
formed all the surgeries. Implant placement was performed
using a conventional surgical protocol, with the elevation of
a mucoperiosteal flap in all treatment groups. The surgery
involved infiltrating local anesthesia with articaine 2% plus
epinephrine 1 : 100,000, linear incision in the bone crest,
elevation of the mucoperiosteal flap, and bone drilling
according to the manufacturer’s recommended protocols.
Finally, implant placement with geared motor through direct
mechanical implantation or calibrated torque wrench car-
rier was carried out. The implants were positioned slightly
subcrestally (0.5 to 1mm), according to the manufacturer’s
recommendation (Figures 1(a), 1(b), and 1(c)). Lastly, cover
screws or healing abutments were placed. The conditions for
placement of a healing abutment (transmucosal healing of the
implant) were IT ≥ 45N/cm and ISQ ≥ 60 at placement (i.e., a
satisfactory high implant stability at placement). In the event
that this circumstance was not achieved, the implants were
submerged; these fixtures were left submerged for a period of
healing of 60 days; following this, second-stage surgery was
performed to uncover them and obtain ISQ measure at 60
days. In all procedures, the grafting heterologous materials
used were particulate prehydrated bone (Osteobiol mp3�,
Tecnoss, Turin, Italy) and collagen membranes (Osteobiol
Evolution�, Tecnoss). Flaps were sutured with coated multi-
filament polyamide 4(0) simple stitches.

2.6. Outcome Variables

2.6.1. Insertion Torque (IT). The insertion torque (IT) of
each implant was assessed at the time of implant placement
(insertion) with a surgical motor (Bien-Air�, Bien-Air MT,
Bienne, Switzerland) with 20 : 1 reduction and/or with a
calibrated manual torque wrench. The unit of measure for IT
was newtons per centimeter (N/cm).

2.6.2. Implant Stability Quotient (ISQ). Resonance frequency
analysis (RFA) was employed to measure implant stability
with a dedicated instrument (Osstell Mentor�; Osstell, Inte-
gration Diagnostics, Sweden). This portable device emits
magnetic pulses to a small magnet (Smartpeg�) screwed
directly onto the implant with 5Ncm; the magnet starts to
vibrate, and the probe listens to the tone and translates it to
an implant stability quotient (ISQ) value [12, 13, 17, 19, 23]. For
each implant, ISQ values (scaled 1–100) were measured from
the four sites (mesial, distal, buccal, and palatal sites). The
mean of all measurements was rounded to a whole number
and regarded as the final ISQ of the implant [19, 23]. RFA
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(a) (b) (c)

(d) (e) (f)

Figure 1: Implant placement and ISQmeasurement in a patient with partially regenerated bone (Group B): (a) a mucoperiosteal flap is raised
and the partially regenerated bone is exposed; (b) the implant site is prepared in the partially regenerated bone; (c) the implant is placed in
the partially regenerated bone; (d) the Smartpeg is connected for ISQ measure; (e) ISQ measure at placement; (f) since a satisfactory high
primary implant stability is achieved (IT ≥ 45N/cm and ISQ ≥ 60), the implant is not submerged and the transmucosal healing abutment is
placed.

measurements were performed immediately after implant
placement (Figures 1(d), 1(e), and 1(f)) and then after 15, 30,
and 45 days in cases in which satisfactory primary stability
was successfully achieved and after 60 days in all cases.These
intervals were chosen in order to investigate the progression
of ISQ during healing time, until complete bone healing.
The first (ISQ at time 0) and the last (ISQ at day 60) ISQ
measures were mandatory for the inclusion of the patient in
the statistical analysis, while the intermediate measures of
ISQ (at 15, 30, and 45 days) were not considered mandatory
for the inclusion in the statistical evaluation (due to the
possible lack of compliance of some patients, who could miss
one or more intermediate controls, or due to the fact that
implants were left submerged for two months, because of a
lack of satisfactory primary stability at placement).

2.7. Statistical Evaluation. The responsible units for the statis-
tical analysis were the Centro deMatemática daUniversidade
do Porto (CMUP) (Mathematics Centre of Porto Univer-
sity) and the GEMAC (Gabinete de Estatistica, Modelação
e Aplicações Computacionais) (Statistics, Modulation and
Computer Applications Office). Statistical analysis was per-
formed using R Project for Statistical Computing software�
(GNUS).The Shapiro-Wilk test was considered for Gaussian-
ity testing and particular nonparametric tests were preferred
to avoid significance loss related with no Gaussianity of
some variables. Descriptive statistics were used to evaluate
the study sample (the distribution of patients and implants).

According to the preestablished protocol, the implants were
considered satisfactorily stable only with IT ≥ 45N/cm and
ISQ ≥ 60 at placement; conversely, with IT < 45N/cm and/or
ISQ < 60 at placement, the implants were considered not
satisfactorily stable at placement.

After that, the following statistical evaluations were per-
formed:

(i) Minimum, 1st quartile, median, mean, 3rd quartile,
and maximum values were calculated for IT and ISQ
at placement and 2 months later.

(ii) The linear dependence between IT and initial and
final ISQ was evaluated using an association rank 𝑡-
test for paired samples over Spearman’s correlation
coefficient, over all implants and considering only
implants that were highly stable at placement.

(iii) The implants that were highly stable at placement
were also comparedwith the other implants (implants
with IT < 45N/cm and/or ISQ < 60 at placement, i.e.,
no satisfactory high stability at placement) using the
Mann-Whitney-Wilcoxon test.

(iv) Multiple comparisons between the measures in the
three different levels of osseous regeneration (A, B,
and C) were compared by Kruskal-Wallis rank sum
𝑡-testing, separately for implants with and without
satisfactory stability at placement (IT and initial and
final ISQ).
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Table 1: Number of observations (per variable and per group) in all 133 considered implants.

Group All implants (IT, initial and
final ISQ measures)

Implants with ISQ measure
at 15 days

Implants with ISQ measure
at 30 days

Implants with ISQ measure
at 45 days

A 55 14 14 10
B 57 14 13 11
C 21 12 12 12
Total 133 40 39 33

Table 2: Number of observations (per variable and per group) in the 52 implants with satisfactory primary implant stability (IT ≥ 45N/cm
and ISQ ≥ 60).

Group
Implants with satisfactory
primary stability (IT, initial
and final ISQ measures)

Implants with satisfactory
primary stability with ISQ

measure at 15 days

Implants with satisfactory
primary stability with ISQ

measure at 30 days

Implants with satisfactory
primary stability with ISQ

measure at 45 days
A 25 12 12 8
B 20 13 12 10
C 7 7 7 7
Total 52 32 31 25

(v) For the implantswith stability at placement, the Fried-
man test was considered to evaluate the differences
in the median ISQ measures with healing time across
heterologous osseous regeneration andmeasureswith
osseous regeneration across healing time.

A pairwise Wilcoxon test with Bonferroni correction was
performed for post hoc testing. In all hypothesis testing,
statistical significance was assumed for 𝑝 value less than 0.05
(proof test value < 5%).

3. Results

The study sample included 137 implants placed in 60 patients
(23 males, 37 females). The percentage of female patients
(61.7%) was higher than that of male patients (38.3%). The
mean age of patients was 56.18 ± 11.76 years and the median
was 56 years. Ninety-one implants were placed in females
whereas 46 implants were placed in males. However, the
eligible data for statistical analysis was of 59 patients with
133 implants, as cases for which final ISQ at 60 days was
missing were not considered in this analysis (one patient,
four implants). Of these four missing values, two were failed
implants, one was an implant placed in native bone (Group
A), and the other was a fixture inserted in partially regen-
erated bone (Group B). At the end, the survival rate of the
implants placed in this study was 98.52%, with 133 surviving
implants over 135. With regard to the different groups, 55
implants were placed in Group A (native bone), 57 implants
were inserted in Group B (partially regenerated bone), and 21
implants were placed in Group C (almost totally regenerated
bone): the number of observations per variable, per group
(level of osseous regeneration), is summarized in Table 1.
Satisfactory high initial stability conditionswere defined as an
IT ≥ 45N/cm and ISQ ≥ 60 at placement. Of the 133 implants
inserted here, 52 (52/133: 39.1%) had satisfactory high primary
stability according to the established protocol, and 81 (81/133:

60.9%) did not. From the 52 implants with satisfactory high
primary stability, 25 were from Group A (25/55: 45.5%), 20
from Group B (20/57: 35.1%), and 7 from Group C (7/21:
3%). With regard to implants with satisfactory high primary
stability, the number of observations per variable, per group
(level of osseous regeneration), is summarized in Table 2.
Conversely, 81 implants had no satisfactory high stability at
placement (they had IT < 45N/cm and/or ISQ < 60 at place-
ment): according to the established treatment plan, these
implants were left submerged for a period of healing of 60
days, so they did not have ISQmeasurements at 15, 30, and 45
days. From the 81 implants without satisfactory high primary
stability, 30 were fromGroupA (30/81: 37.0%), 37 fromGroup
B (37/81: 45.7%), and 14 from Group C (14/81: 17.3%).

The minimum, 1st quartile, median, mean, 3rd quartile,
and maximum values of each variable (IT and ISQ at
placement, ISQ at 60 days) for all implants, for implants
with satisfactory high primary implant stability, and for
implants without primary stability according to the protocol
are presented in Table 3. The IT and ISQ (𝑡 = 0 and 𝑡 = 60)
values per group are presented in Figure 2 (all implants),
Figure 3 (implants with satisfactory high primary implant
stability (IS)), and Figure 4 (implants without satisfactory
high primary stability (WIS)). In those plots, the central box
goes from the 1st to the 3rd quartile, the median is marked
as a horizontal line, whiskers connect to the maximum and
minimum values, and outliers are excluded, marked as circles
and defined as values out of the 1.5 of the interquartile range.
Both IT and ISQmeasures achieved statistically higher values
for cases with satisfactory high primary stability, as those
measures are the base of such aggrupation. Group C in cases
of initial stability presented lower IT values.

A linear dependence between variables (evaluated using
an association rank for paired samples, over Spearman’s
correlation coefficient) was present, considering all implants
(Table 4) and implants with satisfactory high stability at
placement (Table 5). A positive correlation was observed
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Table 3: Statistical measures for all the implants and for implants with satisfactory primary implant stability (IS) (IT ≥ 45N/cm and ISQ ≥
60), in which ISQ measures were taken 15, 30, and 45 days after placement too.

Variable N Min. 1st quar. Median Mean 3rd quar. Max.
IT 133 5.00 25.00 35.00 37.62 50.00 70.00
ISQ 𝑡 = 0 133 10.00 63.00 72.50 69.06 77.00 87.00
ISQ 𝑡 = 60 133 49.50 67.50 73.50 71.80 77.50 86.00
IT (IS) 52 45.00 45.00 50.00 52.50 60.00 70.00
ISQ 𝑡 = 0 (IS) 52 70.00 75.00 77.25 77.03 79.00 87.00
ISQ 𝑡 = 15 (IS) 32 59.50 72.88 76.25 75.58 79.12 85.50
ISQ 𝑡 = 30 (IS) 31 59.50 72.50 76.00 75.35 79.25 87.00
ISQ 𝑡 = 45 (IS) 25 60.00 72.50 75.50 75.44 75.44 86.00
ISQ 𝑡 = 60 (IS) 52 60.00 74.50 77.50 76.57 79.00 86.00
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Figure 2: IT and ISQ at 𝑡 = 0 and 𝑡 = 60 values distributions per group (levels of osseous regeneration) for all the 133 implants in the study.
Group A: nonregenerated (native) bone; Group B: partially regenerated bone; Group C: nearly totally regenerated bone.
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Figure 3: IT and ISQ at 𝑡 = 0 and 𝑡 = 60 values distributions per group (levels of osseous regeneration) for implants with satisfactory high
initial stability (IS) according to the protocol. Group A: nonregenerated (native) bone; Group B: partially regenerated bone; Group C: nearly
totally regenerated bone.

between all variables, and all values were highly significant,
for all implants and for the group of implants with satisfactory
high stability at placement.

TheMann–Whitney test suggested significant differences
(𝑝 < 0.005, 𝑝 < 10−7) between the relative locations for

cases with and without satisfactory high initial stability,
for all measures available (IT and ISQ, 𝑡 = 0 and 𝑡 =
60). Considering all data, the Shapiro-Wilk test allowed
the rejection (𝑝 < 0.05) of the hypothesis of Gaussian
distribution for IT measures and both initial and final ISQ
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Figure 4: Torque and ISQ at 𝑡 = 0 and 𝑡 = 60 values distributions per group (levels of osseous regeneration) for implants without satisfactory
high initial stability (WIS) according to the protocol. Group A: nonregenerated (native) bone; Group B: partially regenerated bone; Group C:
nearly totally regenerated bone.

Table 4: Correlation coefficients (Spearman), with 𝑝 value between
parenthesis, considering all implants.

All implants IT ISQ 𝑡 = 0 ISQ
𝑡 = 60

IT 1 — —

ISQ 𝑡 = 0 0.76
(2.2 ∗ 10−16)

1 —

ISQ 𝑡 = 60 0.67
(2.2 ∗ 10−16)

0.70
(2.2 ∗ 10−16)

1

Table 5: Correlation coefficients (Spearman), with 𝑝 value between
parenthesis, considering implants that had satisfactory primary
implant stability (IS).

Implants with satisfactory
primary implant stability
(IS)

IT ISQ 𝑡 = 0 ISQ
𝑡 = 60

IT 1 — —

ISQ 𝑡 = 0 0.43
(0.001) 1 —

ISQ 𝑡 = 60 0.46
(0.0005)

0.69
(1.5 ∗ 10−8)

1

values. Considering separately the initial stability level (with
or without), the same conclusion was obtained for all, except
IT, in cases with initial stability (𝑝 value ≥ 0.05408) and ISQ
at 60 days (𝑝 value ≥ 0.176). Thus, for the remaining of the
analysis, the normality of the variables was not assumed and
nonparametric tests were preferred.

IT and ISQ measures were compared for Groups A, B,
and C using the Kruskal-Wallis rank sum t-test using two
separate groups, for implants with and without satisfactory
high primary stability, respectively. Significant differences
between the distributions of the levels of osseous regeneration
were found for IT in the case of initial stability between
Groups A and C and B and C, but not between A and B.

Table 6: Median values of ISQ measures at each time, per group
(Group A: nonregenerated bone; Group B: partially regenerated
bone; Group C: nearly totally regenerated bone), in implants with
satisfactory high primary implant stability.

ISQ 𝑡 = 0 ISQ 𝑡 = 15 ISQ 𝑡 = 30 ISQ 𝑡 = 45 ISQ 𝑡 = 60
A 78.00 79.25 77.75 78.50 78.00
B 75.25 73.50 74.00 73.75 75.00
C 77.50 76.50 73.50 74.50 74.50

For implants without initial stability, statistically significant
differences were found between Groups B and C. No sig-
nificant differences were found between the distributions of
the levels of osseous regeneration for ISQ at 𝑡 = 0 in cases
with satisfactory primary stability, while in the cases without
satisfactory initial stability, differences betweenGroupsA and
B were found (post hoc tests). Also, no significant differences
were found at 𝑡 = 15, 𝑡 = 30, 𝑡 = 45, and 𝑡 = 60, in the
case of initial stability. Only in the cases without satisfactory
high primary stability were statistically significant differences
found in the ISQ at 𝑡 = 0 between GroupA andGroups B and
C (not between Groups B and C), but not for ISQ at 𝑡 = 60.
The median values of ISQ measures at each time per Group
A, B, or/and C were calculated for cases with initial stability,
ignoring missing values, obtaining a completely balanced
design, the results of which are presented in Table 6.

No significant differences were found between median
ISQ at different times, considering the level of osseous
regeneration as a grouping factor using the Friedman test
(𝑝 ≥ 0.40). Significant differences were found between
the median ISQ for the 3 levels of osseous regeneration,
considering time as a grouping factor using the Friedman test
(𝑝 < 0.05). A post hoc test with Bonferroni correction found
statistically significant differences (𝑝 < 0.05) between Group
A and Groups B and C. On the other hand, no differences
between Groups B and C were found. No drops were found
in ISQ values across time (Figure 5), in the different groups.
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Figure 5: Progression of ISQ values during the healing phase in
the 3 groups of patients (Group A: nonregenerated bone; Group
B: partially regenerated bone; Group C: nearly totally regenerated
bone).

4. Discussion

When an implant is placed in the posterior maxilla, it can be
difficult to obtain a high and satisfactory primary stability,
compatiblewith an immediate functional loading protocol: in
fact, the bone quality (density) is rather poor in this region, as
well as in the case of native bone [3–7, 9, 11, 24–27].When the
bone has been partially or fully regenerated, the bone quality
tends to further decrease [3–7, 9–11, 24], and the immediate
loading can become even more dangerous.

Since the primary stability is such an important element
and can determine the success or failure of implant therapy,
many authors have studied it [12–19, 30–35]. Primary implant
stability can be evaluated at baseline either through IT regis-
tration or through ISQ assessment [12–19, 30–35]. Maximum
torque of the implant placement provides the rotational
stability of the implant. Conversely, the ISQ assesses the
axial stability of the implant in different directions [12–19,
30–35]. This postsurgical information is both objective and
complementary, allowing for the best clinical decision to be
made regarding the several possibilities of surgical and pros-
thetic protocols. Furthermore, the ISQ allows noninvasive
monitoring over time while IT can be measured only once
[12–19, 32, 34].

Several authors have suggested that primary stability may
be a useful predictor for osseointegration [29–35] and that
a high primary stability makes immediate loading more

predictable [19, 20, 26, 27]. Park et al. showed with an animal
experimental model that ISQ values have a significant cor-
relation with Bone-Implant Contact (BIC) percentage [30].
Meanwhile, Rodrigo et al. demonstrated that the evaluation
of RFA values (ISQ) had a statistically significant correlation
with implant outcome [32]. In fact, in that study, no implant
with ISQ > 60 failed, while 19% of implants with ISQ < 60
failed [32]. Pagliani and collaborators further proved that the
correlation between micromobility of implants and ISQ is
nonlinear andmicromotion is reduced by approximately 50%
from 60 to 70 ISQ [33], while Turkyilmaz et al. found a posi-
tive strong correlation between bone density (calculated with
computed tomography) and IT/ISQ insertion torque, as well
as a positive correlation between IT and ISQ [34]. Degidi et al.
found statistically superior ISQ values for implants inserted
in grated sinus compared with postextraction implants, at
placement [35]. Degidi et al. also compared healed sites
with augmented sinus and found statistically significant
differences between these two groups, with higher ISQ values
in augmented sinus at implant placement [35]. However, in
that study, the authors did not provide any information about
the ISQ values during or after the healing period [35].

In the present clinical study, the primary stability was
evaluated as well as its evolution to secondary stability in
implants placed in the posterior maxilla, in native, partially
regenerated, and (almost) totally regenerated bone, respec-
tively. Overall, 133 fixtures have been included, placed in 59
patients: the primary stability of these fixtures was recorded,
as well as their evolution into secondary stabilization, in
the first period of healing, using two separate indices: the
insertion torque (IT) and the implant stability quotient (ISQ),
with measurements up to 60 days. With regard to primary
stability and in reference to the criteria adopted in the present
work, 52 implants (39.1%) were placed with a high primary
stability (IT ≥ 45N/cm and ISQ ≥ 60) and 81 (60.9%) were
placed without a high primary stability. In particular and in
reference to the aforementioned three groups of patients, 55
implants were placed in native bone: of these, 25 (45.5%)
had a high primary stability whereas 30 (54.5%) did not.
Fifty-seven implants were placed in partially regenerated
bone through guided bone regeneration (GBR) techniques:
of these, 20 showed high primary stability at insertion (35.1%)
and 37 (64.9%) did not. Finally, only 7 (33.3%) of the implants
inserted into the almost completely regenerated bone (via
sinus lift) showed high stability at placement; in contrast, 14
implants (66.7%) did not have high stability at insertion.

These data are important because they substantially con-
firm what was reported in the current literature [4, 10, 11, 13–
16, 20]. In fact, in the present study, higher IT/ISQ values in
implants with satisfactory high primary stability were found,
as well as a positive linear correlation between the selected
variables (IT and ISQ) for all implants and for implants with
satisfactory high primary stability.

Obviously, significant differences were also found in the
level of implant stability between the three groups of patients
(native, partially regenerated, and almost totally regenerated
bone): this confirms that the presence of regenerated bone
can negatively affect the primary stabilization of the fixture
(the percentage of the fixtures with satisfactory high primary



BioMed Research International 9

stability in this study tended to decrease, from the group of
patients with native bone towards the group of patients with
totally and partially regenerated bone), as reported in the
literature [4, 10, 11, 13–16, 20].

However, it must be pointed out that the mean values of
primary stability obtained in the difficult clinical context of
our present study were quite high. This result was certainly
determined by the careful insertion protocol followed, with
underpreparation of surgical sites [15, 16, 19, 20]; but it was
also determined by themacrotopographical characteristics of
the implants used [19, 21]. In fact, in the present work, tapered
implants have been used with knife-edge threads [4, 19, 20].
The body of this fixture is narrower than the threads, and
the threads are extremely aggressive; this shape may provide
a better anchorage to bone, thus better primary stabilization
[4, 19, 20], even in difficult cases such as partially [8] or nearly
totally [4] regenerated bone, or in postextraction sockets [19,
20]. Previous studies have already demonstrated that tapered
implants tend to have higher ISQ values than cylindrical
ones [18, 21]; the presence of a thread with this accentuated
design could be a further positive element, to facilitate the
stabilization of fixture in difficult situations [4, 8, 19, 20].

Moreover, another very important element emerging
from this study is that, in the three different groups of
patients, no decrease/drop in the stability values (ISQ) was
found over time, in the first healing period. This finding is
in contrast with what is reported in the literature [12–18, 31–
34]. Other studies, in fact, reported a drop in the ISQ values
in the healing phase (after 2 to 6 weeks of the implantation)
[12–18, 31–34]. In our present study, the aforementioned drop
was not observed and the ISQ values stayed very stable in the
first two months of the healing time (the most critical phase
for implant stabilization). This result is the most important
element emerging from the study, since the absence of
drop in the implant stability during the first healing period
may potentially contribute to higher implant survival/success
rates in critical areas, such as the regenerated posterior max-
illa. This excellent result certainly depends in the first place
on the high primary stability obtained at implant placement:
in fact, this study has shown that there is a linear correlation
between the values of IT and ISQ at insertion and ISQ during
the healing period, for all the fixtures and for the fixtures with
satisfactory high primary stability. However, this evidence
could also be related to the surface of the implants used in the
present study [4, 20]. In fact, the implants used had a novel
nanostructured calcium-incorporated surface, which could
have the ability to accelerate bone healing, as demonstrated
in recently published human histologic studies [28, 29].

Obviously, the present study has limitations, such as the
limited number of patients treated and fixtures inserted;
in particular, only a few implants were inserted in Group
C (nearly totally regenerated bone), and this is a major
limitation of the present work, since Group C was probably
the most interesting to investigate, and it would have been
appropriate to have inside it a higher number of fixtures.
Another limitation of the present study is the short follow-
up: the implants were controlled 2 months after placement
and a part of them (those that did not have satisfactory high
primary stability at placement) were submerged, so they did

not have ISQ measurements at 15, 30, and 45 days because it
was impossible to connect the Smartpeg to measure the ISQ.
Further, long-term controlled studies are therefore needed to
confirm the outcomes emerging from the present work.

5. Conclusions

In the present study, 133 implants were installed in 59
patients in the posterior areas of the maxilla of three different
types of patients: patients with native bone (Group A, 55
implants), patients with partially regenerated bone (Group
B, 57 implants), and patients with nearly totally regenerated
bone (Group C, 21 implants). The primary implant stability
was measured at placement, by means of insertion torque
(IT) and implant stability quotient (ISQ). According to a
preestablished protocol, an implant was considered satisfac-
torily stable with IT ≥ 45N/cm and ISQ ≥ 60; conversely,
in case of IT < 45N/cm and/or ISQ < 60, the implant was
not considered satisfactorily stable. After that, the evolution
from primary to secondary implant stability was studied, by
means of ISQ, at different times (15, 30, 45, and 60 days
after placement for implants with satisfactory high primary
stability and 60 days for implants without it). Fifty-two
implants had satisfactory high primary stability, according to
the established protocol (IT ≥ 45N/cm, ISQ ≥ 60), and 81 did
not. A positive correlation was observed between all variables
(IT, ISQ at 𝑡 = 0, 𝑡 = 60), indicating linear relation, and
statistically higher IT and ISQ values were found for implants
with satisfactory high primary stability, when compared with
implants without satisfactory high primary stability. Statisti-
cally significant differences were found for IT and ISQ value
between the different groups: A, B, and C; however, no drops
were reported in the median ISQ values during the healing
period. With regard to this last finding, the implant system
used in this study showed linear ISQ progression, without a
significant drop of stability values within the first twomonths
of healing. This last finding may be related to the surgical
protocol adopted, but also to themacrotopographical features
(threads design) and to the surface of the implant used in this
study, characterized by a peculiar nanotopographic design.
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The aim of this study was to monitor the changes of viscoelastic properties at bone-implant interface via resonance frequency
analysis (RFA) and the Periotest device during the healing process in an experimental rabbit model. Twenty-four dental implants
were inserted into the femoral condyles of rabbits. The animals were sacrificed immediately after implant installation or on day
14, 28, or 56 after surgery. Viscoelastic properties at bone-implant interface were evaluated by measuring the implant stability
quotient (ISQ) using RFA and by measuring the Periotest values (PTVs) using the Periotest device. The bone/implant specimens
were evaluated histopathologically and histomorphometrically to determine the degree of osseointegration (BIC%). The BIC%
values at different time points were then compared with the corresponding ISQ values and PTVs. The mean ISQ value increased
gradually and reached 81 ± 1.7 on day 56, whereas the mean PTV decreased over time, finally reaching −0.7 ± 0.5 on day 56.
Significant correlations were found between ISQ and BIC% (𝑟 = 0.701, 𝑝 < 0.001), PTV and BIC% (𝑟 = −0.637, 𝑝 < 0.05), and
ISQ and PTV (𝑟 = −0.68, 𝑝 < 0.05). These results show that there is a positive correlation between implant stability parameters
and peri-implant-bone healing, indicating that the RFA and Periotest are useful for measuring changes of viscoelastic properties at
bone-implant interface and are reliable for indirectly predicting the degree of osseointegration.

1. Introduction

The success of dental implants depends on the stability of the
implant, the quality of local bone, surgical skills, and patient
factors [1, 2]. Implant stability plays an important role in
successful osseointegration [3], which is defined as the direct
structural and functional connection between ordered living
bone and the surface of a load-carrying implant [4]. Recently,
implant stability has been shown to be a useful predictor and
measurement parameter of osseointegration in both clinical
and experimental studies [5–9].

Implant stability occurs at two different stages [10]. Pri-
mary implant stability is achieved when the implant

interlocks mechanically with the alveolar bone. Approxi-
mately 2–4 weeks after implant placement, primary implant
stability is gradually replaced by secondary implant stability,
which is obtained and maintained by the continuous regen-
eration of new bone and bone apposition and remodeling
around the implant [5, 9–12]. Severalmethods and techniques
have been developed in recent years to measure and monitor
the changes in dental implant stability [13, 14].

Resonance frequency analysis (RFA) and the Periotest
device (Siemens AG, Bensheim, Germany) are two widely
used methods for noninvasively measuring dental implant
stability at different surgical stages and during follow-up
observations [14–18]. RFA measures resonance frequency,
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defined as the peak of the frequency-amplitude plot, through
a piezoceramic transducer attached to the implant fix-
ture. These vibrational signals are then converted into a
value representing implant stability or stiffness at the bone-
implant interface [19]. Osstell� (Integration Diagnostics AB,
Göteborg, Sweden), a commercially available RF device,
converts the resonance frequency signals measured in kHz
(range, 5 to 15 kHz) into implant stability quotient (ISQ)
values ranging from 1 to 100 [11]. Higher ISQ values are
indicative of greater implant stability. Clinical and experi-
mental studies have demonstrated that RFA is a reliable tech-
nique for assessing osseointegration and evaluating prognosis
[14, 16].

ThePeriotest device is designed to evaluate toothmobility
and implant stability based on damping capacity assessment
[20]. This device electronically drives a metallic rod to strike
the tooth or implant and calculates the contact time between
the tapping rod and the tested subject. The detected con-
tact time is converted into a unique value called the Per-
iotest value (PTV), which ranges from −8 to 50. Lower values
are indicative of greater rigidity of objects, which can be
used to estimate bone healing status at the implant-bone
interface.

Although theOsstell andPeriotest devices arewidely used
in daily dental practice, the reliability and validity of these
two methods are still questioned [8, 13]. In addition, studies
have also suggested that the individual measurement of
implant stability using RFA or Periotest should be performed
with caution and used in combination with other objective
methods or clinical parameters [8, 13, 21]. This is because
there are controversies regarding the correlation between
implant stability parameters (ISQ and PTV values) and
histomorphometric data [8, 21–23].

Some animal studies have demonstrated poor correlation
between ISQ values and histomorphometric data [23–26],
whereas other animal and clinical studies have shown a pos-
itive correlation between ISQ values and histomorphometric
data [22, 27–29]. In addition, Jun et al. demonstrated no
significant correlation between PTV values and BIC% values
in a human fresh cadaver study [21]. In contrast, Oh et al.
reported that the values obtained from the Periotest device
strongly correlate with the degree of osseointegration in dogs
[28].

Although RFA and the Periotest devices are used to
detect implant stability and determine the healing status at
the implant/bone interface, the correlations between implant
stability parameters and histomorphometric data during the
healing process are still controversial and have not been
definitively established. Therefore, the purpose of this study
was to evaluate the relationship between ISQ, PTV, and BIC
values in a rabbit model.

2. Materials and Methods

2.1. Animals and Ethics. The study protocol was approved
by the institutional Animal Care and Use Committee of the
Taipei Medical University, Taipei, Taiwan (approval number
LAC-2016-0174). All animal experimental procedures were

carried out according to the ethical regulations of the inter-
national guiding principles for the care and use of laboratory
animals.

2.2. Experimental Animals and Surgical Procedures. Animals
in this study comprised 12 adult male New Zealand White
rabbits aged 10 months and weighing 3.0–3.5 kg. All rabbits
were housed in individual cages and provided ad libitum
access to water and food under standard laboratory condi-
tions at the Laboratory Animal Center of the Taipei Medical
University.The flat medial femoral condyles of both legs were
selected as the surgical sites. A total of 24 Brånemark� dental
implants (Nobel Biocare AB, Göteborg, Sweden) measuring
3.75mm in diameter and 10mm in length were inserted by
the same experienced surgeon.

The rabbits were anesthetized by intramuscular injection
of tiletamine-zolazepam (Zoletil 50, Virbac, Carros Cedex,
France) at a dose of 15mg/kg. The surgical sites were shaved,
washed, and disinfected with iodine antiseptic solution and
isolated with surgical towels. Local anesthesia (1.8mL of
2% with 1 : 100,000 epinephrine) was administered intramus-
cularly at the surgical site of each leg. After making an
incision of approximately 3 cm in length, the muscle was
bluntly dissected and the periosteum was reflected using a
periosteal elevator to expose the flat bone surfaces at the
medial aspect of the femoral condyle (Figure 1(a)). The
implant recipient site was sequentially prepared according
to the protocol recommended by the manufacturer. At
first, a round bur was used to mark the implant site and
penetrate the cortical layer. Subsequently, twist drills with
diameters of 2.0, 2.4/2.8, 3.0, 3.2, and 3.4mm were used
to drill holes to a depth of 10mm under generous saline
cooling. Twenty-four cylindrical screw-type titanium dental
implants (Brånemark, Nobel Biocare AB, Göteborg, Sweden)
measuring 3.75mm in diameter and 10mm in length were
inserted into the femoral condyles of both legs. All of the
implants were inserted unicortically and threaded to the bone
level (Figure 1(b)). Immediately after implant insertion, the
implant stability of each tested implant was measured by
the Periotest and the Osstell RFA devices (Figures 1(c) and
1(d)). After measuring the stability parameters, the cover
screws were secured (Figure 1(e)) and the surgical sites were
closed layer-by-layer with absorbable sutures (Vicryl� 4.0,
Ethicon, Somerville, NJ, USA) (Figure 1(f)). All rabbits were
then moved back to the recovery room and observed for
any signs of wound dehiscence. Postoperative antibiotics
(Baytril�, Bayer, Leverkusen, Germany) (5.0mg/kg) and
analgesics (Rimadyl�, Pfizer, New York, USA) (4.0mg/kg)
were injected intramuscularly for 3 days to prevent infection
and control pain. The 12 animals were divided into four
groups of three animals each. Animals in group A were
sacrificed immediately after implant insertion (day 0) and
animals in groups B-D were sacrificed at 14, 28, and 56 days
after the operation, respectively.

2.3. Measurements of Implant Stability Parameters. A “Smart-
Peg” (Integration Diagnostics AB, Göteborg, Sweden), an
aluminum metal rod with a magnet attached to its top,
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Figure 1: Clinical images of the surgical and experimental procedures. (a) Surgical exposure of the medial surface of the proximal condyles.
(b) Implant installation. (c) ISQ values were measured using the Osstell device. (d) PTV values were measured using the Periotest device. (e)
A cover screw was installed into the implant fixture. (f) Complete wound closure.

was screwed into each of the tested implants. The SmartPeg
was manually tightened to approximately 5Ncm according
to the manufacturer’s guidelines. The analyzer probe was
then placed close to the SmartPeg in the same direction
perpendicular to the long axis of the femur to standardize
the experimental procedure. The SmartPeg is excited by a
magnetic pulse generated by the measurement probe, which
produces a vibrational signal that is detected by the handheld
instrument.The resonance frequencymeasured by theOsstell
system (Integration Diagnostics AB, Göteborg, Sweden) is
expressed as an ISQ value ranging from 0 to 100. Three
measurements were taken per implant and the mean value
was recorded as the final ISQ value.

PTV values were measured using the Periotest device
(Siemens AG, Bensheim, Germany). After the insertion of
healing abutment (Brånemark RP Abutment, Nobel Biocare,
Sweden) with 4mm height into the implant, the PTV was
measured 3 times along the long axis. According to the
manufacturer’s instructions, the metallic rod of the Periotest
device was positioned perpendicular to the long axis of the
tested healing implant, which was then tapped 20 times
within a 5-second period. The measurements were made
at the same time intervals as RFA measurements, namely,
immediately after implant insertion (day 0) and then at 14,
28, and 56 days after the operation.

2.4. Preparation of Histological Specimens. Three rabbits were
sacrificed at each time point by an overdose of pentobar-
bital. The femoral condyles containing the implants were
harvested using a diamond circular saw and subsequently
fixed in 10% formalin solution for 7 days. Whole implant-
bone samples were then processed without decalcification for

ground sectioning according to the previous studies [8, 23].
In brief, the specimens were dehydrated in a graded series
of ethanol (70% to 100%) over a period of 24 hours at 5∘C
and defatted in xylene under vacuum. The specimens were
then embedded inmethacrylate-based resin (Technovit 9100;
Heraeus Kulzer GmbH, Wehrheim, Germany) according to
the manufacturer’s instructions. Following polymerization,
the embedded blocks were cut into slices parallel to the long
axis of the implant using a rotary diamond-coated saw (AZ-
CL40, Yeong Shin Hardware, Taipei, Taiwan) with coolant.
The slices were glued to slides to prevent damage to the bone-
implant interface. Subsequently, the ground sections were
thinned to a final thickness of approximately 80 𝜇m using a
series of abrasive papers (400, 600, 800, 1000, and 1200 𝜇m)
in a grinding/polishing machine with running water.

2.5. Histomorphometrical Procedures. The sections were
stained with 1% toluidine blue (Sigma-Aldrich Chemie
GmbH, Buchs, Switzerland), which stains mineralized bone
as violet blue and the osteoid as pale blue. The histological
analysis of the implant/bone interface was performed under
an optical microscope (Nikon, Alphaphot-2, YS-2, Tokyo,
Japan) equipped with a Spot digital camera and software
(Diagnostic Instruments, Inc., Sterling Heights, MI, USA)
by an independent examiner. Histomorphometrical analysis
was performed using the Image-Pro Plus 6.0 image analysis
system (Media Cybernetics, Silver Spring, MD, USA). The
percentages of bone-to-implant contact (BIC%) over the
entire length of the implant were calculated bymeasuring the
percentage of the distance of the mineralized bone in direct
contact with the implant surface. All measurements were
performed for both sides of the implant on three histological
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sections per implant. All calculations were performed using
EXCEL software (Microsoft Corporation, Redmond, WA,
USA).

2.6. Statistical Analysis. ISQ, PTV, and BIC data for each
tested implant are expressed as mean values and standard
deviations. One-way analysis of variance (ANOVA) with
Tukey’s honest significant difference test was performed to
compare differences at each time point.The coefficient 𝑟2 was
calculated to measure the correlation estimates and Pearson
correlation coefficient was used to measure a significant
association between ISQ, PTV, and BIC values. A 𝑝 value
< 0.05 was considered to indicate statistical significance.
All statistical analyses were performed with the statistical
package SPSS for Windows (Version 19, SPSS Inc., Chicago,
IL, USA).

3. Results

3.1. Experimental Animal and Implant Outcome. None of the
rabbits showed signs of inflammation or other adverse tissue
reactions during the healing period. All surgical sites healed
well and no swelling or redness was noted.

3.2. Implant Stability Parameters. The implant stability
parameters determined by measuring ISQ and PTV are
presented in Figures 2(a) and 2(b). As shown in Figure 2(a),
the ISQ values continuously increased during the study
period. The initial mean ISQ value was 67.7 ± 5. Then, the
ISQ values increased to 74.5 ± 1.2 at day 14 (𝑝 < 0.05) and
remained stable at day 28 (73 ± 2) (𝑝 < 0.05). No significant
difference was observed between the groups at days 14 and 28.
After 56 days of healing, the mean ISQ value (81.9 ± 1.7) was
significantly higher than the initial mean ISQ value (67.7±5)
(𝑝 < 0.001). The mean ISQ value at final measurement was
20.9% higher than the initial ISQ value.

In contrast, the PTVs progressively decreased from day 0
to 56 days after implant installation (Figure 2(b)). The mean
PTV was 2.5 ± 1.8 at day 0 and −0.7 ± 0.8 at day 14. After
that, the PTVs remained stable on day 28 (−0.9±0.7) and day
56 (−0.7 ± 0.5). There were statistically significant differences
in PTVs at days 14, 28, and 56 (𝑝 < 0.05) compared with
the initial PTV.However, therewere no significant differences
among PTVs at days 14, 28, and 56.

3.3. Histologic and Histomorphometrical Evaluations. At sac-
rifice, none of the implants showed clinical signs of mobility
and there was no evidence of bone tissue destruction. All
of the retrieved implants showed good osseointegration and
were surrounded by bone tissue. Overall, newly formed bone
continuously grew in cortical and bone marrow regions
after implantation. Initially, the implant was only in partial
contact with the original cortical bone (Figures 3(a) and
3(b)). After 14 days of healing, new formation of woven bone
was observed both in cortical and in bone marrow regions,
as shown in Figures 3(c) and 3(d). The original cortical
bone could be clearly identified by its compact and lamellar
appearance. The bone-to-implant integration appeared to be
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Figure 2: The healing curves plotted with (a) ISQ and (b) PTV
values (∗𝑝 < 0.05; ∗∗𝑝 < 0.01).

primarily a result of ingrowth of bone from the surrounding
bone regions. At day 28, woven bone combined with lamellar
bone was observed in direct contact with the implant surface
without the presence of fibrous tissue (Figure 4(a)). In the
cortical regions, the implant was almost surrounded by dense
lamellar bone (Figure 4(b)). Finally, at day 56, marked signs
of remodeling within the threads were observed both in
cortical and in bone marrow regions (Figures 4(c) and 4(d)).
No loosened bone debris was observed in the bone marrow
regions and there was no cortical bone resorption in the
cortical bone regions.

As shown in Figure 5, the mean BIC value increased
steadily during the healing period. The mean BIC value
increased significantly from 17±5.0% at day 0 to 36±6.7% at
day 14. The BIC values remained stable at day 28 (40 ± 4.9)
and day 56 (46.2 ± 5.5). There were statistically significant
differences in the BIC at days 14, 28, and 56 (𝑝 < 0.001)
compared with the initial BIC. No significant difference was
observed between groups at day 28 and day 56.

3.4. Correlations between Implant Stability Parameters and
Osseointegration Performance. As shown in Figures 6(a) and
6(b), statistically significant correlations were found between
ISQ and BIC (𝑛 = 24, 𝑅2 = 0.4924, 𝑟 = 0.701, and 𝑝 < 0.001)
and PTV and BIC (𝑛 = 24, 𝑅2 = 0.4058, 𝑟 = −0.637, and
𝑝 < 0.05). Further, it was noted that PTV values showed
a more irregular distribution than ISQ values. In addition,
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Figure 3: Histological findings of the tested implant after 0 days and 14 days of healing. (a) The implant is partly surrounded with original
cortical bone (CB). No peri-implant new bone (NB) formation was observed in a bone marrow cavity. Original magnification ×2.5. (b)
Original magnification ×10. (c) The implant is surrounded by cortical bone and newly formed bone in the bone marrow cavity. (d) Higher
magnification (×100). Scale bar: 500 𝜇m.

there was also a moderate correlation between ISQ and PTV
(𝑛 = 24, 𝑅2 = 0.4664, 𝑟 = −0.68, and 𝑝 < 0.05) as shown in
Figure 7.

4. Discussion

It is important to quantitatively evaluate implant stability and
osseointegration; however, many of the diagnostic methods
are invasive such as the removal torque test and the push-
out/pull-out test. Although the ISQ and PTV are widely used
to noninvasively monitor implant stability, their associations
with histomorphometric data during the healing process
are still controversial and have not been definitively estab-
lished [8, 21–23]. Therefore, the present study investigated
whether implant stability parameters (ISQ and PTV values)
correlated with peri-implant-bone healing (osseointegration,
BIC values) at various healing time points. In addition,

the correlations between ISQ and PTV values were also
evaluated.

RFA can be accomplished without disturbing the process
of osseointegration of dental implants during the experimen-
tal period. As shown in Figure 2(a), the ISQ values increased
after 14 days of healing and remained stable from day 14 to
day 28. In addition, the ISQ values were significantly higher
at day 56 than at the other time points. The ISQ values
representative of successful osseointegration are reported to
range from 57 to 82 [30]. In the present study, the measured
ISQ values ranged from 67 at day 0 to 81 at day 56, indicating
that all of the implants had adequate primary and secondary
implant stability. In addition, the healing curve of ISQ values
throughout the study period corresponded well with that
reported in a previous animal study [25].

Histologic and histomorphometric assessment is the
most accurate method to evaluate morphological changes at
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Figure 4: Histological findings of the tested implant after 28 days and 56 days of healing. (a) The implant is surrounded by dense cortical
bone (CB) and newly formed bone in the bone marrow cavity. Moreover, woven bone (WB) combined with lamellar bone (LB) was observed
in direct contact with the implant surface without the presence of fibrous tissue. Original magnification ×2.5. (b) Original magnification ×10.
(c) The implant is surrounded by dense cortical bone (CB) and dense lamellar bone in the bone marrow cavity. (d) Higher magnification
(×100). Scale bar: 500 𝜇m.

the bone-implant interface. In this present study, a good bone
tissue response to the implant surface was observed during
the healing process (Figures 3 and 4).These histological find-
ings were consistent with the results of histomorphometric
data (Figure 5). Moreover, the BIC measurements showed a
gradual increasing trend throughout the study period and
reached 46.2% after 56 days. These BIC values after 56 days
of healing were comparable to previous findings in the same
animal model [31, 32]. As shown in Figures 3 and 4, woven
bone combined with lamellar bone was observed in direct
contact with the implant surface without the presence of
fibrous tissue, although small microgaps were noted between
the bone and the implant. Microgaps occur because of the
large difference in the elastic modules between bone and
the implant. The sawing, grinding, and polishing procedures
during preparation of the ground sections may easily cause

detachment of bone from the implant surface. Microgaps in
the histological figures were seen in previous studies [23, 33,
34].

We also found that the healing curve of ISQ values was
markedly similar to that plotted by BIC values (Figure 5).
In addition, a statistically significant positive correlation
between ISQ values and BIC (𝑛 = 24, 𝑟 = 0.701, 𝑝 < 0.001)
was demonstrated (Figure 6(a)). These results are consistent
with a number of studies that demonstrated a statistically
significant correlation between ISQ values and BIC values [2–
29, 35]. Nkenke et al. found a positive correlation between
RFA and BIC in human cadaver bone using stepped cylinder
implants [27]. In addition, three animal studies and one clin-
ical study also reported a strong positive correlation between
the two values [22, 28, 29, 35]. However, weak correlations
between ISQ values and histomorphometric data have been
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Figure 5: The healing curve plotted with BIC values (∗∗𝑝 < 0.01).

demonstrated in other animal and human cadaver studies
[8, 21, 23–26].These differences could be explained by the fact
that RFA measurements can be influenced by several factors,
such as implant diameter, implant surface treatments, bone
density, thickness of cortical bone, and surgical technique
[36–39]. Moreover, the study designs of the above-motioned
studies differ in their selection of animal models, surgical
techniques, and implant types. Similarly, Hernández-Cortés
et al. found no associations between initial ISQ values and
histomorphometric results in human femoral heads [40].
This is because primary implant stability measured by ISQ
values was significantly correlated with the cortical bone
thickness, but not with bone histomorphometric parameters
[23, 37, 41]. However, peri-implant healing in both the
cortical and bone marrow regions is important for success
of dental implants and also contributes to increasing ISQ
values [42]. Therefore, in this present study, both primary
and secondary implant stability were measured and asso-
ciated with histomorphometric data from various healing
time points to eliminate the influence of the cortical bone
effect.

The Periotest device was developed to evaluate tooth
mobility. The time required for an electronically driven rod
to make contact with the object surface reflects the degree
of implant stability caused by osseointegration [43]. Chavez
et al. found that the PTVs of 56 clinically successful dental
implants ranged from 2 to −6 [44]. In the present study, the
PTVs ranged from 2.5 to −0.7, indicating that all measured
implants were stabilized by the surrounding bone. Moreover,
a statistically significant positive correlation between PTVs
and BIC was demonstrated (Figure 6(b)). This finding is
in agreement with previously reported findings [18, 27, 28].
In addition, the Periotest device is a clinically versatile and
precise modality for evaluating mini-implant stability [45].
In a recent animal study, Inaba reported a strong correlation
between PTVs and BIC ratio [46]. In contrast, Jun et al.
reported that there was no significant correlation between
PTVs and BIC values in a human fresh cadaver study
[21]. They also suggested that the tested implant stability
parameters do not seem to be a reliable means of predicting
bone-to-implant contact initially after implant placement.
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Figure 6: (a) Correlation between implant stability quotient (ISQ)
and bone-to-implant contact (BIC) (𝑅2 = 0.4924, 𝑟 = 0.701, 𝑝 <
0.001). (b) Correlation between PTV values and bone-to-implant
contact (BIC) (𝑅2 = 0.4058, 𝑟 = −0.637, and 𝑝 < 0.05).

Their finding can be explained by the fact that measurement
of PTVs is easily affected by the direction, distance, and
angle of the tapping head. A variation of 2.5 to 4.0 of
PTVs according to the measuring angle relative the healing
abutment was reported in a human bone specimen [47].
Moreover, the force of repeated tapping measurements at the
time of implant placement may damage the bone-implant
interface, especially in implants placed in low-quality bone
[48]. We also found that the healing curve of PTVs was more
similar to the healing curve plotted by BIC values than to
the ISQ healing curve (Figure 5). However, there were larger
variations in the Periotest analysis than in the RF analysis at
different time points. From a clinical viewpoint, using Peri-
otest is more convenient because the suprastructures of the
dental implants need not be removed when performing these
measurements.

ISQ values and PTVs can indirectly indicate the degree
of osseointegration during the healing period. However, the
designs and operating procedures of the two devices that
measure those values are quite different. In the present
study, we found a significant correlation between ISQ and
PTV measurements (Figure 7, 𝑝 < 0.05). These results
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Figure 7: Correlation between implant stability quotient (ISQ) and
PTV values (𝑅2 = 0.4664, 𝑟 = −0.68, and 𝑝 < 0.05).

correspond with those reported in previous studies [28,
49], in which ISQ values correlated with PTVs and both
methods were suggested to be comparably reliable. In a finite
element analysis study, Winter et al. evaluated the influence
of parameters including implant length, bone quality, bone
loss, and quality of transducer fixation on RF analysis and
Periotest measurements. Good correlation between the two
devices was observed only when measurement values of
implants with no bone loss were considered [50]. In a clinical
study, Oh and Kim evaluated primary implant stability
using the Periotest device and the Osstell RFA system and
found that the measurements obtained from both devices are
associated with bone quality type [51]. Zix et al. demonstrated
moderate-to-good correlation between the Periotest device
and the Osstell RFA system in a controlled clinical trial.
They reported that Periotest was more susceptible to clinical
conditions and RF analysis appeared to be a more precise
technique [52]. These results demonstrated evidence that
monitoring changes in the ISQ and PTV values during the
implant healing process can provide valuable information
on osseointegration. In the clinic, both ISQ and PTV values
can be determined to assess implant stability and the healing
status at the bone/implant interface to avoid early implant
failures. Considering the limitations of this present study,
large sample sizes and controlled clinical studies are needed
to validate these viewpoints.

5. Conclusion

Based on the results of the present study, it can be concluded
that implant stability parameters correlate positively with
histomorphometric data during the healing process, indicat-
ing that both ISQ and PTV values are useful for measuring
implant stability and are reliable for indirectly predicting the
degree of osseointegration.
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between implant stability quotient and bone-implant contact
revisited: an experiment in Beagle dog,” Clinical Oral Implants
Research, vol. 25, no. 11, pp. 1213–1221, 2014.

[9] A. Tabassum, G. J. Meijer, X. F. Walboomers, and J. A. Jansen,
“Evaluation of primary and secondary stability of titanium
implants using different surgical techniques,” Clinical Oral
Implants Research, vol. 25, no. 4, pp. 487–492, 2014.

[10] S. Raghavendra, M. C. Wood, and T. D. Taylor, “Early wound
healing around endosseous implants: a review of the literature,”
International Journal of Oral andMaxillofacial Implants, vol. 20,
no. 3, pp. 425–431, 2005.

[11] S.-W. Feng,W.-J. Chang, C.-T. Lin, S.-Y. Lee,N.-C. Teng, andH.-
M. Huang, “Modal damping factor detected with an impulse-
forced vibration method provides additional information on
osseointegration during dental implant healing,” The Interna-
tional journal of oral & maxillofacial implants, vol. 30, no. 6, pp.
1333–1340, 2015.

[12] T. Berglundh, I. Abrahamsson, N. P. Lang, and J. Lindhe, “De
novo alveolar bone formation adjacent to endosseous implants,”
Clinical Oral Implants Research, vol. 14, no. 3, pp. 251–262, 2003.

[13] M. Atsumi, S.-H. Park, and H.-L. Wang, “Methods used to
assess implant stability: current status,” International Journal of
Oral andMaxillofacial Implants, vol. 22, no. 5, pp. 743–754, 2007.

[14] L. Sennerby and N. Meredith, “Implant stability measurements
using resonance frequency analysis: biological and biomechan-
ical aspects and clinical implications,” Periodontology 2000, vol.
47, no. 1, pp. 51–66, 2008.



BioMed Research International 9

[15] N. Meredith, B. Friberg, L. Sennerby, and C. Aparicio, “Rela-
tionship between contact time measurements and PTV values
when using the Periotest to measure implant stability,” The
International Journal of Prosthodontics, vol. 11, no. 3, pp. 269–
275, 1998.

[16] H.-M. Huang, C.-L. Chiu, C.-Y. Yeh, C.-T. Lin, L.-H. Lin, and
S.-Y. Lee, “Early detection of implant healing process using
resonance frequency analysis,” Clinical Oral Implants Research,
vol. 14, no. 4, pp. 437–443, 2003.

[17] J. Zix, S. Hug, G. Kessler-Liechti, and R. Mericske-Stern, “Mea-
surement of dental implant stability by resonance frequency
analysis and damping capacity assessment: comparison of both
techniques in a clinical trial,” The International Journal of Oral
& Maxillofacial Implants, vol. 23, no. 3, pp. 525–530, 2008.

[18] J.-T. Hsu, H.-L. Huang, C.-H. Chang, M.-T. Tsai, W.-C. Hung,
and L.-J. Fuh, “Relationship of three-dimensional bone-to-
implant contact to primary implant stability and peri-implant
bone strain in immediate loading: microcomputed tomo-
graphic and in vitro analyses,”The International Journal of Oral
& Maxillofacial Implants, vol. 28, no. 2, pp. 367–374, 2013.

[19] V. Mathieu, R. Vayron, G. Richard et al., “Biomechanical
determinants of the stability of dental implants: influence of
the bone-implant interface properties,” Journal of Biomechanics,
vol. 47, no. 1, pp. 3–13, 2014.
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Aim. To evaluate the effects of fixture design and surface on the early bone formation around immediately loaded implants inserted
in the human posterior maxilla. Materials and Methods. Ten totally edentulous subjects received two transitional implants: one
tapered implant with knife-edge threads/nanostructured calcium-incorporated surface (test: Anyridge�, Megagen, Gyeongbuk,
South Korea) and one cylindrical implant with self-tapping threads/sandblasted surface (control: EZPlus�, Megagen).The implants
were placed according to a split-mouth design and immediately loaded to support an interim complete denture; after 8 weeks,
they were removed for histologic/histomorphometric analysis. The bone-to-implant contact (BIC%) and the bone density (BD%)
were calculated. The Wilcoxon test was used to evaluate the differences. Results. With test implants, a mean BIC% and BD% of
35.9 (±9.1) and 31.8 (±7.5) were found. With control implants, a mean BIC% and BD% of 29.9 (±7.6) and 32.5 (±3.9) were found.
The mean BIC% was higher with test implants, but this difference was not significant (𝑝 = 0.16). Similar BD% were found in
the two groups (𝑝 = 0.9). Conclusions. In the posterior maxilla, under immediate loading conditions, implants with a knife-edge
thread design/nanostructured calcium-incorporated surface seem to increase the peri-implant endosseous healing properties, when
compared to implants with self-tapping thread design/sandblasted surface.

1. Introduction

In the last few years, the world of oral implantology and
osseointegration has changed radically [1, 2].

In fact, new surgical techniques have been proposed, such
as the placement of implants in extraction sockets [3, 4] and
new prosthetic protocols, such as immediate [5, 6] or early [7]
loading of the implants. These changes have been introduced
tomeet themodern needs of the patients, who wish to reduce
the number of surgical sessions (and consequently the stress
of the surgery and postoperative discomfort) and who want
to be able to shorten the time of implant and prosthetic
treatment [2, 3, 5].

The shortening of the treatment time translates into
a reduction of the costs, with additional benefits for the
clinician [4, 5].

However, the introduction of these new surgical and
prosthetic protocols should not reduce, in the short and
long term, the high percentages of survival and success
recorded for rehabilitations supported by implants placed
using conventional techniques, in fully healed ridges [8]
and with delayed prosthetic loading [9, 10]. In fact, an
increase in failures could be unacceptable for patients, who
are increasingly demanding and would represent a major
problem for clinicians [2, 4–6].
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To be able to adapt to these new challenging surgical
and prosthetic protocols, which continue to spread, while
maintaining the high percentages of survival and success
obtainable with conventional techniques, the industry has
proposed a number of modifications and improvements of
the implant macro- and microtopography [11–13].

The macrotopography (implant design) represents a very
important element: it is believed that it can contribute
significantly to the primary implant stabilisation [10, 11],
together with patient-related factors (medical condition,
bone quantity, and quality) [14, 15] and the experience and
skills of the surgeon [16].

In fact, for the success of the implant therapy, it is well
known that the fixturemust have adequate stability at the time
of positioning [5, 6, 11, 14]. In the absence of such stability,
the risk of a failure is particularly high [11, 14]. The primary
implant stabilisation is mainly of a mechanical nature, as
it is determined mechanically by the interlocking between
the threads of the implant and the preexisting bone at the
recipient site [11, 14].

This primary stabilisation, however, must be followed by
a proper secondary and biological stabilisation, due to the
deposition, as fast as possible, of new bone onto the implant
surface [7, 12, 13].

In fact, without this there is again the risk of implant
failure due to a lack of osseointegration [12, 13]. Histologic
studies have provided evidence that there is a period of
bone remodeling following implant placement that results in
a transient decrease in implant stability [17, 18]; resonance
frequency analysis (RFA) evaluation has confirmed this
evidence, reporting a drop in implant stability quotient (ISQ)
values from the first to the third/fourth week following
implant placement [19–21].This reduction of the primary sta-
bilitymust therefore be balanced by an appropriate secondary
stabilisation, determined by the deposition of new bone on
the surface [11, 14, 22].

The influence of the macro- and micro/nanostructure
of the implant on the success of osseointegration and in
particular on the first healing phases of bone is now a subject
of great interest for both researchers and clinicians [22];
the best way to assess the influence of design and implant
surface on bone healing is certainly the histological and
histomorphometric analysis of the interface between bone
and implant [23, 24].

However, few studies to date have compared the influence
of the macro- and micro/nanostructure of different implant
systems on bone healing in humans [23, 25–29]: this is
because it is difficult to perform comparative histologic and
histomorphometric studies in humans, for ethical reasons.

Most of the studies available are based on a few samples
[25] and implants are not subjected to immediate loading [23,
26, 27].

The purpose of this histological and histomorphometric
study on humans is therefore to evaluate the early bone
healing following the placement of implants with differ-
ent macro- and microstructural characteristics, when posi-
tioned in the posterior maxilla and subjected to immediate
loading.

2. Materials and Methods

2.1. Study Design. The present study was designed as a
randomised controlled histologic/histomorphometric inves-
tigation, reporting on immediately loaded transitional trans-
mucosal implants that were placed in the human posterior
maxilla, and retrieved after a period of 8 weeks. In particular,
this study aimed to compare the early bone response to
tapered implants with knife-edge threads and a nanostruc-
tured calcium-incorporated surface (test: Anyridge, Mega-
Gen, Gyeongbuk, South Korea) with the bone response
to cylindrical implants with self-tapping threads and a
sandblasted surface (control: EZPlus, MegaGen, Gyeongbuk,
South Korea), when placed in the human posterior maxilla
and subjected to immediate loading protocol. During a
normal surgical procedure for the placement of conventional
implants, each enrolled patient also received two transitional
transmucosal implants (𝑛 = 1 test implant; and 𝑛 = 1
control implant), whichwere inserted in the posteriormaxilla,
according to a split-mouth design. The transitional implants
were placed with the aim of supporting an interim complete
maxillary denture, until healing of the conventional implants.
After 8 weeks, during the second-stage surgery to uncover
the conventional implants, all transitional implants were
retrieved for histologic/histomorphometric evaluation.

2.2. Patient Selection. A total of 10 fully edentulous patients
(6 males, 4 females; aged between 46 and 77 years, mean age
61.7 ± 10.7, median 62, CI 95% 55.1–68.3) referred for oral
rehabilitation with dental implants to the Oral Implantology
Clinic, Dental Research Division, Guarulhos University, SP,
Brazil, were consequently enrolled in the present study. The
inclusion criteria were good systemic and oral health and
sufficient native bone to place implants of 3.0mm diameter
and 6mm length. The exclusion criteria were pregnancy,
nursing, smoking, and any systemic condition that could
affect bone healing. All participants received detailed expla-
nations about the nature of the study and signed a written
informed consent form. The Institutional Clinical Research
Ethics Committee of Guarulhos University (CEP #201/03)
approved the protocol of the present study, which was
conducted in accordance with the Declaration of Helsinki on
experimentation involving human subjects (2008).

2.3. Transitional Transmucosal Implants. The transitional
transmucosal implants used in the present study were made
of titanium grade 4. All implants were one-piece, 3.0mm
diameter × 6mm length, but different in the macro- and
micro/nanotopography.

The control implants (EZPlus, MegaGen, Gyeongbuk,
South Korea) were cylindrical and featured a classical macro-
scopic design with self-tapping threads [22]. These implants
were characterised by a surface blasted with particles of
resorbable calciumphosphate (resorbable blastmedia, RBM).
The surface was studied with scanning electron microscopy
(SEM) (Figure 1) and the following standard roughness
parameters were analysed: 𝑅𝑎 (the arithmetic mean of the
absolute height of all points), 𝑅𝑞 (the square root of the sum
of the squared mean difference of all points), and 𝑅𝑡 (the
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Figure 1: Control implant. Scanning electron microscopy of the
resorbable blast media surface. Scanning electron microscopy eval-
uation revealed a mean 𝑅𝑎 of 1.56 (±0.08) 𝜇m, a mean 𝑅𝑞 of
2.11 (±0.13) 𝜇m, and a mean 𝑅𝑡 of 18.53 (±1.56) 𝜇m, respectively.
Magnification 5000x.

difference between the highest and the lowest points). The
scanning electron microscopy evaluation revealed a mean 𝑅𝑎
of 1.56 (±0.08) 𝜇m, a mean 𝑅𝑞 of 2.11 (±0.13) 𝜇m, and a mean
𝑅𝑡 of 18.53 (±1.56) 𝜇m, respectively.

Conversely, the test implants (Anyridge, MegaGen,
Gyeongbuk, South Korea) were characterised by a tapered
design with knife-edge, thin self-cutting threads [6, 22, 30–
32]. The test implants had a nanostructured, calcium-incor-
porated surface (Xpeed�, Megagen Implant Co., Gyeongbuk,
South Korea). This surface was obtained by modifying the
original grit-blasted surface (resorbable blast media, RBM),
which was enriched with calcium using a hydrothermal
method. In brief, RBM implants were immersed in a mixed
solution of 0.2M sodium hydroxide (NaOH) and 2mM
calcium oxide (CaO) dissolved in deionized water using a
Teflon-lined hydrothermal reactor system at 180∘C for 24 h
under a water pressure of 1MPa2. With this procedure, a
nanolayer of Ca2+ ions was incorporated onto the RBM
surface, giving a CaTiO3 nanostructure [7, 30, 33]. Again,
the surface was studied with scanning electron microscopy
(SEM) (Figure 2). In this case, the SEM evaluation revealed
a mean 𝑅𝑎 of 1.63 (±0.22)𝜇m, a mean 𝑅𝑞 of 2.16 (±0.30) 𝜇m,
and a mean 𝑅𝑡 of 15.76 (±0.29) 𝜇m, respectively.

2.4. Surgical Protocol. Twenty transmucosal transitional
implants (𝑛 = 10 test implants and 𝑛 = 10 control implants)
were inserted in this study. All implants were placed under
aseptic conditions. After local anaesthesia, a crestal incision
connected with two releasing vertical incisions was made.
Mucoperiosteal flaps were raised and conventional implants
were inserted, in accordance with the surgical and prosthetic
plan prepared for each patient. After placement of the con-
ventional implants, two transitional transmucosal implants
(𝑛 = 1 test implant and 𝑛 = 1 control implant) were inserted
in each patient, according to a split-mouth design. The
transitional implants were inserted in the posterior region
of the maxilla, among the conventional placed implants. The
assignment of test and control implants (right posterior max-
illa or left posterior maxilla) was random, as determined by a
coin toss. The implant sites were prepared according to the
manufacturer’s recommendations, under profuse irrigation

Figure 2: Test implant. Scanning electron microscopy of the
nanostructured calcium-incorporated surface. Scanning electron
microscopy evaluation revealed a mean 𝑅𝑎 of 1.63 (±0.22) 𝜇m, a
mean 𝑅𝑞 of 2.16 (±0.30) 𝜇m, and a mean 𝑅𝑡 of 15.76 (±0.29) 𝜇m,
respectively. Magnification 5000x.

with sterile saline.The stability of all the implantswas checked
using a dedicated instrument (OsstellMentor�, Osstell, Gote-
borg, Sweden): if an implant showed insufficient primary
stability (implant stability quotient- ISQ <35), it was removed
and a backup surgical site had to be prepared. The flaps were
then sutured, to allow the emergency of the solid abutment
of one-piece implants through the mucosa: these implants
helped to support the interim maxillary denture during the
entire healing period. Immediately after implant surgery, an
interim maxillary denture was seated in the patient’s mouth
and relined intraorally. The stability of the interim complete
denture, its retention, and the occlusion were carefully con-
trolled. Clindamycin 300mg (ClindaminC�, Teuto, Anapolis,
Goias, Brazil) was administered three times a day for one
week, to prevent infection. Postoperative pain was controlled
with 600mg ibuprofen (Actron�, Bayer Schering Pharma,
Berlin, Germany) every 12 h for 2 days. To enable subjects
to control postoperative dental biofilm, 0.12% chlorhexidine
mouth rinses (Chlorhexidine�; Oral B, Boston, MA, USA)
were prescribed, twice a day for 2 weeks. The sutures were
removed after 10 days.

2.5. Specimen Retrieval and Histologic/Histomorphometric
Analysis. The interim prosthesis remained connected to the
transitional implants for a period of 8 weeks. After this
period, during the 2-stage surgery to uncover the conven-
tional implants, all clinically stable transitional fixtures (one
test and one control implants) and the surrounding tissues
were retrieved from each patient, using a 4.5-millimeter-
wide trephine bur. Clinicallymobile temporary implantswere
not considered for the histologic/histomorphometric evalua-
tion. The specimens were fixed by immediate immersion at
10% buffered formalin and processed (Precise 1 Automated
System�, Assing, Rome, Italy) to obtain thin sections, as
previously described [23]. The specimens were dehydrated
in an ascending series of alcohol rinses and embedded in
glycol methacrylate resin (Technovit 7200 VLC�, Kulzer,
Wehrheim, Germany). After polymerization, the specimens
were cut longitudinally along the major axis of the implants
with a high-precision diamond disc at about 150 𝜇m and
ground down to about 30𝜇m. Two slides were obtained for
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each implant. The slides were stained with basic fuchsin
and toluidine blue. The specimens were studied using a
transmitted-light microscope (Laborlux S�, Leitz, Wetzlar,
Germany) interfaced with a high-resolution camera (3CCD-
JVCKY-F55B�, JVC, Yokohama, Japan) and to amonitor and
a personal computer (Intel Pentium III 1200 MMX�, Intel,
Santa Clara, CA, USA).The whole system was connected to a
digitizing pad (D-Pad�, Matrix Vision GmbH, Oppenweiler,
Germany) and controlled by specific software for image
capture (Image-Pro Plus� 4.5, Media Cybernetics, Immagini
& Computer snc, Milan, Italy). For the histomorphometric
evaluation, the bone-to-implant contact (BIC%), defined as
the amount of mineralized bone in direct contact with the
implant surface, was measured around all implant surfaces.
Finally, the bone density (BD%) in a 500𝜇mwide zone lateral
to the implant surface was measured bilaterally, as previously
reported.

2.6. Statistical Analysis. The mean, standard deviation,
median, and confidence intervals (CI 95%) of histomorpho-
metric values (BIC%, BD%) were calculated for each implant
and then for each group of implants (test versus control
implants). Comparisons of the differences in bone-implant
percentages values in both groups were carried out using
the Wilcoxon matched-pairs signed-rank test. The level of
significance was set at 0.05. Results were presented as mean
± standard deviation (SD) and differences at 𝑝 < 0.05 were
considered statistically significant. All computations were
carried out with a statistical analysis software (SPSS 17.0�,
SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Clinical Observations. Two months after placement, a
total of 20 transitional transmucosal implants (𝑛 = 10 test
implants and 𝑛 = 10 control implants) were evaluated and
retrieved. Two implants (one test implant and one control
implant, placed in the same patient) were clinically unstable
and showed no osseointegration, although they did not show
any sign of infection.These two implants were excluded from
the study and were not histologically/histomorphometrically
evaluated. The remaining 18 implants were clinically sta-
ble at the time of retrieval and were therefore histologi-
cally/histomorphometrically evaluated.

3.2. Histologic/Histomorphometric Evaluation. In the test
implants, at low-power magnification, it was possible to see
newly formed bone around and in contact with the implant
surface. Around the implant collar, soft tissues were present.
In the coronal portion, only newly formed bone with a tra-
becular structure and strongly stainedwith acid fuchsin could
be observed. In the middle and apical portion of the implant,
the native bone was evident far from the surface (Figure 3).
At higher magnification, in the interthread concavities the
newly formed bone was in contact with the implant surface
and adapted perfectly to its microirregularities. Native bone
in contact with newly formed bone could be seen. Osteoblasts
secreting osteoid matrix near the bone-implant interface
were found (Figure 4). Wide osteocyte lacunae could be

Figure 3: Test implant. Newly formed trabecular bone surrounded
the whole implant perimeter. (Acid fuchsin and toluidine blue,
magnification 12x).

Figure 4: Test implant. The implant thread was lined by newly
formed bone and an intense osteoblastic activity was still evident.
(Acid fuchsin and toluidine blue, magnification 100x).

observed oftenwhen theywere in close vicinity to the implant
surface. No inflammatory cell infiltrate was present. The
histomorphometric evaluation revealed a BIC% of 35.9 ± 9.1
and a BD% of 31.8 ± 7.5, respectively. The BIC% ranged from
19.2 to 49.9; the median was 38.8; confidence interval (95%)
was 29.9–41.8.The BD% ranged from 19.0 to 44.7; themedian
was 32.4; confidence interval (95%) was 26.9–36.7.

In the control implants, at low-power magnification,
trabecular bonewith smallmarrow spaceswasmainly present
in the coronal portion of the implant, while in the middle
portion they tended to be wider (Figure 5). In the apical
area, bone tissue was lacking. At higher magnification, newly
formed bone tissue could be observed inside the thread
concavity with osteocyte lacunae in contact with the surface.
Not yet mineralized osteoid matrix could also be seen
(Figure 6). The histomorphometric analysis revealed a BIC%
of 29.9 ± 7.6 and a BD% of 32.5 ± 3.9, respectively. The BIC%
ranged from 20.7 to 35.6; the median was 28.7; confidence
interval (95%) was 24.6–35.2. The BD% ranged from 29.0 to
41.1; themedianwas 32.0; confidence interval (95%)was 29.8–
35.2.



BioMed Research International 5

Figure 5: Control implant. The density of the bone tissue was
different along the implant perimeter ranging from a more compact
bone in the coronal portion to a very trabecular bone in the apical
areas. (Acid fuchsin and toluidine blue, magnification 12x).

Figure 6: Control implant. Part of the implant thread was sur-
rounded by newly formed bone and not yet mineralized osteoid
matrix. (Acid fuchsin and toluidine blue, magnification 100x).

Although the mean BIC%was higher in the test implants,
this difference was not statistically significant (𝑝 = 0.16).
Similar BD% were found in the two groups (𝑝 = 0.9). The
histomorphometric results were summarised in Table 1 and
displayed in Figure 7.

4. Discussion

At present, histologic/histomorphometric assessment is the
most accurate method to investigate the bone healing pro-
cesses andmorphological characteristics of the bone-implant
interface [22–24].

Unfortunately, only a few studies in the present literature
have dealt with histologic/histomorphometric evaluation of
human-retrieved implants [23, 25–29]; this is because of
ethical issues related to implant retrieval from human sub-
jects [23]. For this reason, little is known about the effects
of different implant designs and surfaces on the early bone
healing around dental implants [25].
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Figure 7: Histomorphometric results with EZPlus and Anyridge
implants: bone-to-implant contact (BIC%) and bone density (BD%).
In the EZPlus implants, the histomorphometric evaluation revealed
mean (±SD) BIC% and BD% of 29.9 (±7.6) and 32.5 (±3.9), respec-
tively. In the Anyridge implants, the histomorphometric analysis
revealed mean (±SD) BIC% and BD% of 35.9 (±9.1) and 31.8 (±7.5),
respectively.

In a recent systematic review reporting on human histo-
logic/histomorphometric studies, the authors found that the
bone-to-implant contact (BIC%) in the lower jaw is higher
than in the upper jaw and that the BIC% in the anterior areas
is higher than in the posterior areas [25]. In addition, they
found that the implant design is a factor capable of affecting
the BIC% [25]. In fact, the insertion of mini-implants in the
posterior region results in lower outcomes, and differences
were detected in the BIC% of standard length/diameter
implants and mini-implants [25]. Finally, with regard to
the loading protocols, the authors found that conventionally
loaded implants had a higher BIC% than immediately loaded
implants [25].

In the present randomised and controlled histologic/his-
tomorphometric study, we have assessed the early bone
healing of two different implants, under immediate loading in
the humanposteriormaxilla. In particular, we have compared
two different implants, with different design and surface, in
order to understand which of the two could determine the
best histologic and histomorphometric result. Twenty transi-
tional transmucosal fixtures (6mm length × 3.0mm diame-
ter) were inserted in the posterior maxilla, 10 test implants
and 10 control implants; all these implants were subjected
to immediate loading (as they helped to stabilise an interim
complete removable denture) and remained in place for a
period of two months, after which they were removed and
analysed histologically. Control implants were characterised
by a conventionalmacroscopic design, as well as byV-shaped,
self-tapping threads, with four cutting edges; the surface of
these implants was blasted with calcium phosphate particles
(resorbable blast media treatment) and therefore it possessed
microtopographic features. Test implants featured a novel
knife-edge thread design. The surface of the test implants
represented the development of the previous sandblasted
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Table 1: Bone to implant contact (BIC%) and bone density (BD%): means, standard deviations, medians, ranges, and confidence intervals
for test and control implants, respectively.

Mean SD Median Range CI 95% 𝑝

BIC%
Test implants 35.9 9.1 38.8 19.2–49.9 29.9–41.8 0.16
Control implants 29.9 7.6 28.7 20.7–35.6 24.6–35.2

BD%
Test implants 31.8 7.5 32.4 19.0–44.7 26.9–36.7 0.9
Control implants 32.5 3.9 32.0 29.0–41.1 29.8–35.2

surface, as a result of an ultrastructural treatment for super-
imposition/incorporation of calcium ions: it was therefore
a nanostructured surface. Two months after placement and
functional loading, the histologic evaluation revealed newly
formed bone around and in contact with the surface of
both implants; the new bone was formed in the interthread
cavities, with osteoblasts secreting osteoid matrix near the
bone-implant interface. These positive histologic outcomes
were confirmed by the histomorphometric evaluation, with
high percentages of bone-to-implant contact with both test
and control implants. The histomorphometric results seemed
to favour the test implants, for which a mean value (±SD)
of BIC% corresponding to 35.9% (±9.1) was obtained; this
value was higher than that found in control implants, which
corresponded to 29.9 (±7.6). The contact between bone and
implant values was higher in test implants; however, this
difference was not statistically significant (𝑝 = 0.16). The
BD% values were instead equivalent in the two groups (𝑝 =
0.9), with an average value for the test fixtures (31.8 ± 7.5)
which was similar to that reported for the control fixtures
(32.5 ± 3.9).

In the present study, the BIC% of the test implants
(35.9% ± 9.1) was higher than that of the control implants
(29.9 ± 7.6), although there was no statistically significant
difference (𝑝 = 0.16) between the two groups. This result is
not negligible. In fact, in particularly difficult clinical contexts
such as the placement of implants in low quality bone areas
(posterior maxilla) [6, 7, 10, 18] or in the case of immediate
loading protocols [1, 2, 4, 6], it is important to achieve and
maintain, in the short and medium term, high percentages
of contact between bone and implant. This is because, in the
end, high percentages of contact between bone and implant
can determine the success, or failure, of the therapy [22].

At the time of positioning, the implant stabilisation is
obtained mechanically, through the interlocking between
the implant threads and the preexisting bone [10, 11, 14,
22]; however, in the next 3-4 weeks, a partial resorption
of the bone tissue involved in this primary stabilisation
occurs physiologically [11, 14, 22]. It is therefore necessary to
deposit new bone on the implant surface, to counteract this
physiological resorption and to avoid the mobilisation (and
loss) of the implant [14, 22].

The aim of modern implantology is therefore twofold:
on the one hand, it aims to maximise the primary stability
at implant placement, through the search for new designs
andmacrotopographies that enable effective stabilisation and

a high bone-to-implant contact [22, 34, 35]; on the other
hand, it intends to counteract the physiological fall of stability
occurring due to remodeling phenomena, stimulating new
bone deposition on the implant, through the use of bioactive
surfaces [12, 13, 33, 36].

In the present work, the best result of contact between
bone and implant can be due either to the design or the
surface of the test implants. The novel thread design of test
implants may, in fact, result in maximum bone-to-implant
contact (BIC), maximised compressive force resistance, and
minimised shear force production; thereby it has the potential
to prevent a drop in stability in the immediate postplacement
healing period [22, 34]. At the same time, the novel nanos-
tructured calcium-incorporated surface of test implants may
stimulate a faster new bone formation onto the implant
surface, through increased surface area and increased free
energy, as currently reported in the scientific literature [7, 12,
13, 33, 35, 36].

The present histologic/histomorphometric study sup-
ports the concept that implants with knife-edge threads
and a nanostructured calcium-incorporated surface seem to
represent the best choice in the event of clinically challenging
situations (such as areas of poor bone quality, or immediate
loading protocols), at least when compared with implants
with self-tapping threads and a sandblasted surface. Several
clinical studies have confirmed that implants with knife-
edge threads and a nanostructured calcium-incorporated
surface can successfully support different kinds of prosthetic
restorations, under different loading protocols, with high
survival rates, at least in the short term [6, 7, 30–32, 37].

The present study has limitations. A critical factor for
the present study is the fact that we have compared two
implant systems that are characterised by different designs
(macrotopography) and surfaces (micro/nanotopography);
to better assess the effects of micro/nanotopography of the
implant surface on early bone healing, it would be more
appropriate to compare two macroscopically identical fix-
tures that differ only in the surface [23, 26–28]. Similarly,
to more effectively assess the effects of macrotopography on
early bone healing, it would have been more appropriate to
compare implants with different thread designs, but charac-
terised by the same surface topography. Another limitation
of this study is the number of enrolled patients (10) and
positioned implants (20): a larger number of patients and
implants would certainly have been preferable, but in the
specific case it was not possible to enrolmore than 10 patients.
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Moreover, in the present work, two fixtures (1 test implant
and 1 control implant, inserted in the same patient) were
not clinically stable at the time of removal, due to lack of
osseointegration: these fixtureswere excluded fromhistologic
and histomorphometric evaluation, and this could be another
limitation of our research. Finally, in the present study we
have used implants of reduced dimensions (6.0mm in height
× 3.0mm in diameter): this may be a limitation because the
use of standard length and diameter implants could lead to
different results, compared to the outcomes found here. If we
examine it more carefully, however, the fact that the small
implants have been used may even be an advantage of this
study: in fact, excellent histologic and histomorphometric
results have emerged from the removal, after 2 months of
functional loading, of these immediately loaded, short, and
narrow fixtures [27, 28], placed in the posterior maxilla. In
any case, it would not have been ethically possible here to
use implants with a standard length and diameter. Further
randomised controlled studies on a larger number of patients
are required, in order to confirm the positive findings from
this work.

5. Conclusions

In the present histologic/histomorphometric study in the
human posterior maxilla, immediately loaded implants with
a knife-edge thread design and nanostructured calcium-
incorporated surface increased the peri-implant endosseous
healing properties, when compared with immediately loaded
implants with a self-tapping thread design and sandblasted
surface. The present data must be considered with caution
because of the study design and methodology (only sta-
ble implants were evaluated) and the limited number of
patients enrolled and fixtures inserted. Therefore, additional
controlled randomised clinical studies are needed to draw
more specific conclusions about the early bone response to
implants with a knife-edge thread design and a nanostruc-
tured calcium-incorporated surface.
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Purpose. To evaluate implant survival, peri-implant bone loss, and complications affecting fixed full-arch (FFA) restorations
supported by implants with a knife-edge thread design and nanostructured, calcium-incorporated surface. Methods. Between
January 2013 and December 2015, all patients referred for implant-supported FFA restorations were considered for enrollment
in this study. All patients received implants with a knife-edge thread design and nanostructured calcium-incorporated surface
(Anyridge�, Megagen, South Korea) were restored with FFA restorations and enrolled in a recall program. The final outcomes
were implant survival, peri-implant bone loss, biologic/prosthetic complications, and “complication-free” survival of restorations.
Results. Twenty-four patients were selected. Overall, 215 implants were inserted (130 maxilla, 85 mandible), 144 in extraction
sockets and 71 in healed ridges. Thirty-six FFAs were delivered (21 maxilla, 15 mandible): 27 were immediately loaded and 9 were
conventionally loaded. The follow-up ranged from 1 to 3 years. Two fixtures failed, yielding an implant survival rate of 95.9%
(patient-based). A few complications were registered, for a “complication-free” survival of restorations of 88.9%. Conclusions.
FFA restorations supported by implants with a knife-edge thread design and nanostructured, calcium-incorporated surface are
successful in the short term, with high survival and low complication rates; long-term studies are needed to confirm these outcomes.

1. Introduction

Dental implants are a long-term reliable solution for the
prosthetic rehabilitation of partially and totally edentulous
patients, with high rates of survival and success in the short,
medium, and long term [1–3]. In particular, in fully edentu-
lous patients, rehabilitation with implant-supported prosthe-
ses is a solution that can effectively restore chewing function
and aesthetics, resulting in significant improvement in quality
of life, both personally and socially [4, 5].

Several studies have reported high survival and success
rates between 95% and 100% for the rehabilitation of totally
edentulous jaws with fixed full-arch (FFA) prostheses [6–14].
Most of these studies, however, took into accountmandibular

FFA prostheses [6–10]; fewer studies have reported the results
of maxillary FFA rehabilitations [11–14], especially when sup-
ported by immediately loaded implants [11–13] or immediate
postextraction implants [14].

It has long been known that along with the general medi-
cal condition of the patient, type of fixture used, and surgical
and prosthetic protocols, the quality and quantity of bone are
key factors in determining implant survival and the success
of osseointegration [15, 16]. Adequate primary implant sta-
bilization during the surgical act, of a mechanical nature, is
essential for the successful osseointegration and deposition
of new bone on the implant surface, during the first period of
healing: the initial primary stabilization must, in fact, be
replaced by an adequate secondary, biological stabilization
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[16, 17]. As a consequence, it is clear that placement of an
implant-supported FFA prosthesis in the mandible may be
characterized by a lower risk of failure, compared with that in
the maxilla. In fact, mandibular bone quality is higher, facili-
tating the primary stabilization of implants [6, 7, 11, 12, 14, 18].

It is also evident that the placement of implants in
completely healed edentulous ridges with submerged healing
and delayed loadingmay involve lower risks than insertion of
the fixtures in extraction sockets with immediate functional
loading [14, 19, 20].

The requirements of modern implantology, however,
stimulate the surgeon and prosthodontist to speed up the
implant/prosthetic treatment. In fact, patients ask that their
lost or compromised teeth be replaced as soon as possible,
without the interim period of removable full dentures [11, 16,
20, 21].

To meet these demands, implant systems with special
features have been introduced into the market: new implant
designs (macrotopographies) that maximize the primary
stabilization in difficult contexts (e.g., sites with poor bone
density, like the posterior maxilla, or postextraction sockets)
have been proposed [21–23], as well as new implant surfaces
(micro- or even nanotopographies) able to accelerate depo-
sition of new bone onto the fixture and, therefore, secondary
stabilization [15, 17, 24, 25].

The aim of the study described here was to evaluate FFA
restorations supported by tapered implants with a peculiar
macrothread design for enhanced primary stabilization and
a novel nanostructured, calcium-incorporated surface for
secondary stabilization. Outcomes assessed included implant
survival, peri-implant bone resorption, and biological and
prosthetic complications that affected the implant-supported
rehabilitation, over the entire observation period.

2. Materials and Methods

2.1. Patient Selection. In the period January 2013 toDecember
2015, all patients referred to two dental clinics in Kaunas,
Lithuania (specifically, a private dental clinic and the oral
surgery unit of the University Hospital), for treatment with
dental implants, were considered for enrollment in this
prospective clinical study. Patients who had a totally eden-
tulous maxilla and/or mandible, were wearing completely
removable dentures, and wanted to restore their chewing
function and aesthetics through an implant-supported, FFA
rehabilitation and patients who required multiple extractions
in the maxilla and/or mandible and replacement of com-
promised elements with implant-supported FFA prostheses
were included in this study. All patients had to be in good
general and oral health and had to be able to understand and
sign an informed consent form. The presence of dentition
in the opposing jaw (natural teeth, tooth-borne or implant-
supported fixed partial prosthesis, and complete denture)
was also a condition for the inclusion in the present study,
where the rehabilitation of both arches with FFA prostheses
was not needed. Excluded from this study were patients with
severe systemic disease that represented a serious contraindi-
cation to surgery; immunocompromised patients; patients
with uncompensated/uncontrolled diabetes; patients taking

anticoagulants; patients undergoing radio- or chemotherapy
of the head or neck; patients being treated with oral and/or
intravenous aminobisphosphonates; and patients with psy-
chiatric and/or psychological disorders. Cigarette smoking
was not in itself a reason for exclusion from this study;
however, patients were notified of the increased possibility of
implant therapy failure related to this risk factor [26]. More-
over, a history of bruxism and/or parafunction did not rep-
resent an exclusion criteria in the present study. Each patient
was informed in detail of the surgical and prosthetic protocols
of the study and signed an informed consent to treatment.
This clinical study was carried out in accordance with the
principles set out in the Helsinki Declaration on clinical trials
involving human subjects (2008 review).

2.2. Preoperative Clinical and Radiographic Evaluation.
Placement of the implant was preceded by a detailed clinical
and radiological analysis. Clinical analysis consisted of a visit
during which impressions were obtained and plaster models
developed for diagnostic wax-up, to determine the specific
clinical needs of each patient. The preliminary radiographic
analysis consisted of two-dimensional panoramic radiogra-
phy for general evaluation of the amount of bone available;
such an investigation could be supplemented,whennecessary,
with a three-dimensional (3D) evaluation with cone beam
computed tomography (CBCT). The data derived from
CBCT were exported as DICOM (Digital Imaging and
Communication in Medicine) files and loaded into a suitable
3D reconstruction software (R2Gate�, Megagen), with which
the surgeon could make a 3D reconstruction of the bony
architecture and obtain all possible information related to
the quantity (height and thickness) and quality (density) of
the residual bone.

2.3. Implant Macro-, Micro-, and Nanotopography. The
implants used in this study (AnyRidge, Megagen) were
tapered implants, characterized by a peculiar knife-edge
thread design (Knifethread�) that ensures a high primary sta-
bilization, even in difficult clinical contexts, as in the case of
immediate loading or in sites characterized by a small amount
(e.g., postextraction sockets) or low quality (e.g., posterior
maxilla) of bone [21–23]. On the microsurface topography
determined by a sandblasting treatment (resorbable blast
media) was superimposed a nanotopography determined by
incorporation of calcium ions (Xpeed�,Megagen), to increase
energy and surface area, with the aim of strengthening and
accelerating osseointegration [24]. From the prosthetic point
of view, such implants possessed a 5mm deep conical con-
nection (10∘) combined with an internal hexagon, ensuring
high mechanical stability and a suitable biological seal; an
integrated switching platform was present, to maintain peri-
implant tissue volume over time [27]. The implants were
available in various lengths (7, 8.5, 10, 11.5, and 13mm) and
diameters (3.5, 4, 4.5, and 5mm) depending on the surgeon’s
needs.

2.4. Surgical Protocol. Patients attended a professional
hygiene session 1 wk prior to the intervention and received
a prescription for a mouth rinse containing chlorhexidine
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Figure 1: Implant placement in the maxilla. The anterior implants
were placed in postextraction sockets, immediately after extractions;
the posterior implants were placed in healed ridges. In total, six
implants were placed to support a maxillary FFA restoration.

0.12%, to be used two to three times daily for the 5 days prior
to surgery.

All surgical procedures were carried out by the same
surgeon with experience in the field of implantology (S.B.); in
all cases, a one-stage surgical technique was selected, with no
submerged healing. Anesthesia was provided by infiltration
of articaine 4% with epinephrine (1 : 100,000).

In completely edentulous patients, the surgeon made a
wide crestal incision, connected to two vertical releasing inci-
sions. After elevating a full-thickness flap, he started the oste-
otomy under copious saline irrigation, with a 2.0mm drill.
Then he proceeded through a sequence of drills of increasing
diameter, as indicated by the implant manufacturer.The clin-
ician’s decision to stop depended on the anatomical situation
(available bone quantity/quality).

For patients who required multiple extractions, removal
of all teeth, and placement of immediate postextraction
implants, the surgeon opted for a flapless approach. Compro-
mised teeth were gently extracted. Extraction sockets were
carefully cleaned to remove any remaining infected or granu-
lation tissue. After carefully checking the integrity of extrac-
tion socket walls with the periodontal probe, the surgeon pro-
ceeded to preparation of the implant site using, first, a 2.0mm
drill, under copious saline irrigation. As a general rule, the
preparation was carried out 3-4mm beyond the apex of the
socket, and the sites were underprepared, to ensure better sta-
bilization of the implant. Therefore, guided by his experience
and the quality of bone present, the surgeon proceeded in site
preparation andmight use only the first preparatory drills and
not those of larger diameter.

The surgeon was free to choose between different lengths
and diameters depending on clinical needs. Implants were
placed with the surgical motor, which was used to accurately
record the insertion torque. If the final torque of implant
placement was <40N⋅cm, the fixtures were not considered
candidates for immediate loading; at torques ≥40N⋅cm, the
implants were eligible for immediate loading. Where the
insertion torque was >50N⋅cm, the surgeon stopped the sur-
gicalmotor and completed implant insertionmanually, with a
hand ratchet. In each patient, the surgeon could insert four to
eight implants depending on the predetermined treatment
plan (Figures 1 and 2).

Figure 2: Panoramic radiograph taken immediately after implant
placement.

After placing the implants in healed sites, the surgeon
could choose to strengthen and protect the buccal cortical
bone with autogenous bone particles (recovered during prep-
aration of the implant site) mixed with xenograft material; in
all postextraction sites, the gap between the coronal part of
the implant and the residual alveolus walls was filled with the
aforementioned mixture of autogenous bone particulate and
xenograft granules.

Finally, the healing abutmentswere positioned. In patients
with immediate postextraction implants, larger-diameter
abutments were chosen to protect the socket, which was filled
with regenerative material; in most cases, suturing was not
necessary. In patients with implants inserted in healed ridges,
however, the mucoperiosteal full-thickness flap was sutured
with interrupted sutures.

Patients who were already completely edentulous had
their complete removable dentures abundantly discharged at
the healing abutment sites; patients treated with immediate
postextraction implants were provided with a new interim
completely removable denture, suitably relined with soft
resin, and also discharged in correspondence of the healing
abutments. It was recommended that patients wear their
removable dentures only for aesthetics in the first days after
surgery, to promote soft tissue healing. Finally, patients were
prescribed antibiotics (amoxicillin + clavulanic acid, 2 g daily
for 6 days in total) and analgesics (ibuprofen 600mg, twice
daily for a maximum of 3 days). Mouth rinses containing
chlorhexidine 0.12%, were also prescribed (two or three times
per day) for the 5-day period following surgery. The first
follow-up visit was scheduled 48 hours after surgery.

2.5. Prosthetic Protocol. For all patients in whom the final
insertion torque of the majority of implants (>50%) were
≥40N⋅cm, pickup impressions were made within 2 days after
surgery to proceed with the immediate functionalization
of the implants (Figure 3). The day after impressions were
obtained, these patients were provided with a temporary
FFA prosthesis, and their implants were functionally loaded
according to an immediate loading protocol (Figures 4 and
5). The healing abutments were replaced with prosthetic
abutments, which were screwed on the implants; a temporary
FFAprosthesis in reinforced acrylic resinwas positioned to fit
properly and adapt to the peri-implant tissues. In the case
of extraction sockets, the morphology of the temporary
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Figure 3: Six implants were placed in the mandible. The day after
surgery impressions were taken, in order to provide patients with
temporary acrylic resin FFA prostheses and to functionally load the
fixtures according to an immediate loading protocol.

Figure 4: Panoramic radiograph taken 72 hours after surgery, when
the implants were functionally loaded with the temporary acrylic
resin FFA prostheses.

prosthesis allowed proper sealing of the open spaces under-
going healing. Finally, occlusion was carefully checked. The
temporary restoration was cemented over the abutments and
remained in place for 2 months, after which it was replaced
with the definitive metal-ceramic or zirconia-ceramic FFA
restoration (Figure 6).

When a majority of the fixtures being placed (>50%) had
a final insertion torque <40N⋅cm, a conventional loading
protocol was chosen, in which a 2- to 3-month period
preceded functional loading of the implants. This meant that
the patient had towear complete interim removable dentures,
discharged at the healing abutment sites, for a minimum of
2 months. At the end of this period, a pickup impression
was obtained to proceed with the functional loading of the
implants, with a temporary acrylic reinforced resin FFA
prosthesis, and this temporary restorationwas replaced by the
definitive one after a 2-month period, as reported above. The
definitive prostheses were FFA metal-ceramic or zirconia-
ceramic restorations, supported, respectively, by 4, 6, 7, or 8
implants and cemented over them.

All patients were included in a recall and follow-up
control program, for which they had to be at the dental office
or clinic at least two times a year, respectively, 6 and 12months
after surgery in the first year. During each scheduled follow-
up visit, the patient attended a 30-minute oral hygiene ses-
sion, with motivation provided by a dental hygienist; in addi-
tion, the clinician clinically monitored the patient carefully,
by inspection, periodontal probing, and panoramic radiog-
raphy, to detect any biological or prosthetic complication.

Figure 5: Clinical picture of the temporary acrylic resin FFAs, 1
week after surgery.

Figure 6: Delivery of the final metal-ceramic maxillary FFA.

2.6. Outcomes of the Study

2.6.1. Implant Survival. An implant was classified as surviv-
ing if present in the mouth and functioning at each follow-up
visit. Conversely, an implant was classified as failed if lost for
various reasons (mobility caused by lack of osseointegration,
infection, progressive bone loss in the absence of infection,
and fracture of the implant) in the first period of healing or
after prosthetic loading.

2.6.2. Biological Complications. Among the biological com-
plications were inflammatory/infectious complications, such
as peri-implant mucositis and peri-implantitis, but also
progressive marginal bone loss in the absence of infection.
Peri-implant mucositis was indicated by the presence of
bleeding on probing and/or suppuration, associated with a
probing pocket depth ≥4mm, but in the absence of peri-
implant bone loss [28]. Peri-implantitis was diagnosed on the
basis of deep discomfort/pain, probing pocket depth ≥4mm,
bleeding on probing, and/or secretion of pus associated with
peri-implant bone resorption (≥2.5mm) [28]. Finally, in the
presence of a progressive bone resorption (≥1.5mm) without
any symptom/sign of infection, progressive marginal bone
loss resulting from prosthetic overload was diagnosed. The
stability of peri-implant tissues was evaluated on panoramic
radiographs, as previously described [23]. In brief, differ-
ent panoramic radiographs were taken for each patient, at
different times (immediately after implant placement, on
delivery of the final FFA, and 1 and 2 years later) [23].
Radiographs were scanned, converted to TIFF (600 dpi), and
saved in dedicated folders. Peri-implant bone levels were then
measured with the aid of dedicated software (Scion Image�,
Scion, Frederick, MD, USA). The mesial and distal bone
levels of each implant were measured: reference points for
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linear measurements were the implant shoulder and themost
coronal bone-to-implant contact [23]. To correct any distor-
tion, the software was calibrated using the distance (known)
between two consecutive threads. Then, the marginal bone
resorption was calculated as the change in peri-implant
marginal bone levels during the observation period; the final
value was calculated as the mean of the modifications in the
mesial and distal portions [23].

2.6.3. Prosthetic Complications. Prosthetic complications
were divided into two categories: mechanical complications
were defined as all problems occurring at preformed compo-
nents or at the level of the implant-abutment connection
(loosening or fracture of the connecting screw, abutment
fracture), whereas technical complications were described
as all problems occurring at the prosthetic superstructures
(loosening or fracture of provisional, debonding, chipping
and/or fracture of ceramics, and fracture of the metal
framework) [3, 10, 29]. Mechanical and technical complica-
tions were described as minor complications if they required
less than 30 minutes chairside for resolution; conversely,
they were described as major if they required more than 30
minutes of chairside or the intervention of a dental technician
for resolution.

2.6.4. “Complication-Free” Survival of Restorations. Only
prostheses that did not exhibit any problem (no implant loss
and no biological or prosthetic complications throughout the
entire observation period of the study) could be defined as
“complication-free” [3, 10]. If even a single adverse event
occurred (to a single implant), the prosthesis could not be
described as “complication-free” and therefore was catego-
rized in the group of prostheses with complications [3, 10].

2.7. Statistical Analysis. The distributions of patients and
implants were studied bymeans of descriptive statistical anal-
ysis. In particular, for quantitative variables (patient age, peri-
implant bone resorption) mean, standard deviation, median,
range, and 95% confidence intervals (CIs) were calculated;
for patient-related qualitative variables (gender, age, smoking
history, and periodontal disease history), implant-related
variables (site, location, surgical protocol, quality and bone
conditions, insertion torque, and implant length and diam-
eter), and prosthesis-related variables (site, opposing denti-
tion, loading protocol, and number of supporting implants),
absolute (expressed as a number, 𝑛), and relative (expressed as
a percentage) frequency distributions were calculated. 𝜒2 test
was used to calculate the differences in distribution between
the groups, with the significance level set at 0.005. Finally,
implant survival, incidence of biological and prosthetic com-
plications, and “complication-free” survival of prostheses
were calculated at the patient, implant, and restoration levels,
respectively. In calculations at the patient and restoration
levels, even a single adverse event (failure or complication)
automatically classified the patient or restoration as a “failure”
or “complication.” All calculations were made with the aid of
a statistical spreadsheet (Excel 2003�, Microsoft, Redmond,
WA, USA).

Table 1: Patient-related information.

Number of patients p value∗

Overall 24 (100%)
Gender
Males 4 (16.7%) 0.001
Females 20 (83.3%)
Age at surgery
30–39 5 (20.83%)

0.232
40–49 2 (8.33%)
50–59 9 (37.5%)
60–69 4 (16.7%)
≥70 4 (16.7%)
Smoking habit
Yes 5 (20.8%) 0.004
No 19 (79.2%)
History of periodontal disease
Yes 24 (100%)

<0.0001
No 0 (0%)
∗Chi-square test.

3. Results

3.1. Distribution of Patients, Implants, and Restorations.
Twenty-four patients (4 men and 20 women) aged between
34 and 77 years (mean age, 54.9±14.4 years; median, 53 years;
95% CI, 49.2–60.6 years) were enrolled in this prospective
clinical study between January 2013 andDecember 2015.With
respect to the distribution of patients, more women were
enrolled (𝑝 = 0.001) and most patients were nonsmoking
(𝑝 = 0.004), although the percentage of smokers was rather
high (5/24, 20.8%). Finally, all patients (𝑝 < 0.0001) had his-
tory of periodontal disease (24/24, 100%), which had resulted
in loss of all teeth or severe impairment of remaining teeth,
which were severely compromised and not savable. Table 1
summarizes all patient-related information.

Two hundred and fifteen implants were inserted, 130 in
the maxilla (130/215, 60.5%) and 85 in the mandible (85/215,
39.5%). Given that most of the fixtures were positioned in
the upper arch, the two groups differed statistically (𝑝 =
0.002) in distribution. Forty-five implants were placed in the
anterior maxilla (45/215, 20.9%), and 85 were placed in the
posterior maxilla (85/215, 39.5%); 32 implants were placed in
the anterior mandible (32/215, 14.9%), and 53 implants were
located in the posterior mandible (53/215, 24.7%). Again, the
groups differed statistically in distribution (𝑝 < 0.0001).
More than half of the implants were in fact inserted in
posterior regions (138/215, 64.2%), and fewer fixtures (77/215,
35.8%) were placed in anterior regions.

With respect to the surgical protocol, more than half of
the fixtures were placed in postextraction sockets (144/215.
67%); only 71 implants were placed in fully healed edentulous
ridges (71/215. 33%), resulting in a statistically significant
difference in the distribution between these groups (𝑝 <
0.0001), as was the case for bone quality. In fact, most of the
implants were inserted into type III bone (143/215, 66.5%) and
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type IV bone (58/215, 27%); only a few implants were placed
in type I or II bone (14/215, 6.5%), that is, bone of superior
quality. Around 64 implants (64/215, 29.8%) were placed in
native bone,whereas 151 of 215 implants (70.2%)were inserted
simultaneously with bone regeneration or in previously
regenerated bone. Because, by protocol, all postextraction
implants (144) were placed with simultaneous preservation
of the socket (i.e., filling of the socket with autologous bone
mixed with xenograft granules), only 7 implants were placed
in regenerated sites (sites that were previously regenerated
with the aim of increasing the height and thickness of the
residual alveolar ridge). The technique used in this case was
the sinus lift.

With respect to insertion torque, the vast majority of the
implants were placed with a final insertion torque ≥40N⋅cm
(192/215, 89.3%); for only 23 fixtures (23/215, 10.7%) the inser-
tion torque was <40N⋅cm. The distribution was statistically
nonhomogeneous (𝑝 < 0.0001). The distribution of implants
was not homogeneous for length (𝑝 < 0.0001), with a preva-
lence of 11.5mm (73/215, 33.9%), 10mm (52/215, 24.2%), and
13mm (44/215, 20.5%) implants. Similarly, the distribution
was not homogeneous with respect to diameter (𝑝 < 0.0001),
with a clear predominance of large 4mm (92/215, 42.8%)
and 3.5mm (88/215, 40.9%) implants compared with fixtures
of larger diameter. Table 2 summarizes all implant-related
information.

There were a total of 36 FFAs. Twenty-one FFAs were in
the maxilla and 15 in the mandible: although the maxilla was
the most frequent site, the difference was not significant (𝑝 =
0.317). Twelve patients required FFA rehabilitation in both
arches, and another 12 required an FFA rehabilitation in only
one arch. Among the latter, only 2 patients had a completely
removable denture with resin teeth as antagonist; conversely,
10 patients had natural dentition in the opposing arch.

The distribution of FFAs according to opposing dentition
was statistically inhomogeneous (𝑝 < 0.0001). With respect
to the loading protocol, the majority of FFAs (27/36, 75%)
were loaded immediately, whereas only 9 of 36 (25%) were
conventionally loaded, with 2-3 months of healing before
loading. The distribution of implants according to type of
prosthetic loading was therefore statistically inhomogeneous
(𝑝 = 0.002). Finally, 8 FFAs were supported by 4 implants
(8/236, 22.2%), 20 FFAs were supported by 6 implants (20/36,
55.6%), 1 FFA was supported by 7 implants (1/36, 2.8%), and
7 FFAs were supported by 8 implants (7/36, 19.4%). Once
again, the distribution was statistically inhomogeneous (𝑝 =
0.0001). All restoration-related information is provided in
Table 3.

3.2. Implant Survival. Follow-up ranged from 1 to 3 years
(mean follow-up, 2.0 ± 0.8 years; median, 2 years, 95% CI,
1.74–2.2 years). All patients responded to the surveys, and
there were no dropouts. There were only 2 failures, and these
occurred in a 67-year-old, nonsmoking male patient; in this
patient, the implants were placed according to the conven-
tional surgical protocol, in the posterior maxilla, in the first
and second molar positions. These failures occurred before
loading (and were therefore defined as early failures) because
of nonintegration and lack of stability of the fixtures, caused

Table 2: Implant-related information.

Number of implants p value∗

Overall 215 (100%)
Site
Maxilla 130 (60.5%) 0.002
Mandible 85 (39.5%)
Position
Incisors 50 (23.3%)

<0.0001Cuspids 27 (12.6%)
Premolars 65 (30.2%)
Molars 73 (33.9%)
Surgical protocol
Immediate 144 (67%)

<0.0001
Conventional 71 (33%)
Bone quality
Types I-II bone 14 (6.5%)

<0.0001Type III bone 143 (66.5%)
Type IV bone 58 (27%)
Bone conditions
Grafted sites 151 (70.2%)

<0.0001
Nongrafted sites 64 (29.8%)
Final insertion torque
<40N⋅cm 23 (10.7%)

<0.0001
≥40N⋅cm 192 (89.3%)
Length
7.0mm 5 (2.3%)

<0.0001

8.5mm 9 (4.2%)
10.0mm 52 (24.2%)
11.5mm 73 (33.9%)
13.0mm 44 (20.5%)
15.0mm 32 (14.9%)
Diameter
3.5mm 88 (40.9%)

<0.00014.0mm 92 (42.8%)
4.5mm 27 (12.6%)
5.0mm 8 (3.7%)
∗Chi-square test.

by failure of the sinus lift regenerative procedure; these
implantswere replaced after a second sinus lift, andno further
failures occurred. The incidence of failures was therefore
4.1% (patient-based, 1/24 patients) and 0.9% (implant-based,
2/215 implants), respectively. In the present study, we did
not register failures for infection or for progressive marginal
bone loss caused bymechanical overload.No implant fracture
occurred. At the end of the study, implant survival was 95.9%
(patient-based) and 99.1% (implant-based), respectively (Fig-
ure 7).

3.3. Biological Complications. In a 47-year-old smoking
patient, 2 years after placement of the implants, a transient
inflammation of themarginal areas, with bleeding on probing
(but without marginal bone loss), occurred. This adverse
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Table 3: Prosthesis-related information.

Number of FFAs 𝑝 value∗

Overall 36 (100%)
Site
Maxilla 21 (58.3%) 0.317
Mandible 15 (41.7%)
Opposing dentition
FFA (metal-ceramic teeth) 24 (66.7%)

<0.0001Natural teeth 10 (27.8%)
Complete removable prosthesis
(resin teeth) 2 (5.5%)

Loading protocol
Immediate loading 27 (75%) 0.002
Conventional loading 9 (25%)
Number of implants
4 implants FFA 8 (22.2%)

0.00016 implants FFA 20 (55.6%)
7 implants FFA 1 (2.8%)
8 implants FFA 7 (19.4%)
∗Chi-square test.

Figure 7: The final metal-ceramic FFAs at the 3-year follow-up
control.

event, defined as peri-implant mucositis, involved two fix-
tures; although this situation was resolved through pro-
fessional oral hygiene sessions, it represented a biological
complication. The incidence of biological complications was
4.1% (patient-based, 1/24 patients), 0.9% (implant-based,
systems 2/215), and 2.7% (restoration-based, 1/36 FFAs),
respectively. No other biological complications (such as peri-
implantitis and progressive marginal bone loss in the absence
of infection) occurred. As reported in Table 4, the average
peri-implant bone resorption values were 0.21 ± 0.15mm
(median, 0.18mm; 95%CI, 0.19–0.23mm) and0.25± 0.11mm
(median, 0.25mm; 95% CI, 0.24–0.26mm), respectively, 1
and 3 years after implant placement (Figure 8).

3.4. Prosthetic Complications. Six prosthetic complications
occurred: 4 affected the temporary FFAs (fractures of pro-
visional acrylic resin restorations, which were repaired or
replaced), and only 2 affected the definitive FFAs (chipping
and/or fracture of the ceramic). All these complications
were technical in nature and were classified as major com-
plications, because they required more than 30 minutes of

Figure 8: Panoramic radiograph of the FFAs at the 3-year follow-up
control.

chair time for repair, as well as the technician’s intervention.
In particular, the definitive FFAs subject to chipping and
fracture of ceramics had to be removed and repaired. The
incidence of prosthetic complications affecting definitive
FFAs was thus 5.5% (2/36 FFAs).

3.5. “Complication-Free” Survival of Restorations. Four FFAs
failed and/or had complications. In fact, 2 implant fail-
ures, 1 biological complication (although mild and fully
reversible, such as peri-implant mucositis), and 2 technical
complications (chipping and/or fracture of ceramics: major
complications that required repair by the dental technician)
occurred in 4 different patients. Therefore, the overall inci-
dence of failures and complications of the final fixed restora-
tions was 11.1% (restoration-based: 4/36 FFAs), yielding a
“complication-free” survival rate for restorations of 88.9%.

4. Discussion

To date, several studies have analyzed the survival and
success of implant-supported FFA rehabilitations [6–14],
particularly in the lower jaw [6–10]. However, few studies
have addressed the subject of implant-supported maxillary
FFA rehabilitations [10–14], particularly with implants placed
in fresh extraction sites [14] or immediately loaded [12, 13].

In a nonrandomized controlled study, Peñarrocha-Oltra
and colleagues [11] compared patient satisfaction and postop-
erative discomfort for immediate versus conventional load-
ing in partially edentulous patients requiring extraction of
the remaining maxillary dentition and rehabilitation with
FFA prostheses. Thirty patients scheduled for FFA implant-
supported maxillary rehabilitation were enrolled in this
study: 15 were treated with conventional loading and the
next 15with immediate loading [11]. Postoperative discomfort
was assessed immediately after surgery; patient satisfaction,
comprising several different parameters (function, esthetics,
speaking, comfort, self-esteem, ease of cleaning, and treat-
ment duration), was assessed preoperatively and 3 and 12
months postoperatively [11]. This study revealed that patient
satisfaction with immediate loading was significantly higher
than that with conventional loading during the osseointegra-
tion period; after 12 months, however, when final FFAs had
been functioning for some time, this difference disappeared
[11]. No differences were found between loading protocols
with respect to postoperative discomfort and swelling [11].
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Table 4: Bone loss around the implants at different follow-up controls, in mm (implant-level).

Baseline- 1 year Baseline- 3 years
𝑛∗; mean (SD); median; CI 95% 𝑛∗; mean (SD); median; CI 95%

All implants 213; 0.21 (±0.15); 0.18; 0.19–0.23 213; 0.25 (±0.11); 0.25; 0.24–0.26
Immediate postextraction implants 144; 0.20 (±0.14);0.15; 0.18–0.22 144; 0.23 (±0.12);0.24; 0.22–0.24
Implants in healed ridges 69; 0.23 (±0.17);0.2; 0.19–0.27 69; 0.28 (±0.09);0.29; 0.26–0.3
𝑛
∗ = number of the implants examined.

In another nonrandomized controlled study, the same
authors compared immediate and conventional loading of
FFA maxillary prostheses supported by implants placed in
healed and fresh postextraction sockets [14]. Thirty patients
requiring FFA maxillary prostheses supported by implants
placed in healed and fresh extraction sites were selected for
this study: 15 patients were treated with conventional loading
(control group) and 15 were treated with immediate loading
(test group) [14]. Each patient received 6 to 8 implants;
fixtures with insertion torques <35N⋅cmwere conventionally
loaded. The outcomes of the study were implant success,
biological and prosthetic complications, success of the imme-
diately loaded provisional prostheses, andmarginal bone loss
[14]. At the end of the study, the sample included 29 patients
and 193 implants (94 test implants, 99 control implants).
Implant success rates were 96.8% (test) and 99.0% (control)
[14]. In the test group, the most common complications were
abutment screw loosening and tooth fractures; in the control
group, interim complete dentures caused discomfort [14].
The success rate for the immediately loaded prostheses was
100%. Mean bone losses of 0.61 ± 0.21 and 0.53 ± 0.18mm
were reported for test and control implants, respectively.
No statistically significant differences were found between
loading protocols [14].

Finally, in a recent literature review, the same authors
stated that immediate loading with FFA prostheses in the
upper jaw is associated with successful treatment outcome, if
adequate criteria are used to evaluate the patient, choose the
implant, and perform the surgical and prosthetic treatment
[13]. This is an interesting perspective. In fact, the survival
and success of an implant-supported FFA rehabilitation are
determined by a number of factors, some related to the
patient’s general condition (medical status [30, 31], smoking
habit [26], and history of periodontal disease [32]), some
related to the local patient anatomy and recipient bone site
(quantity and quality of bone [6, 9, 11–13]), and others
related to the implant system used [13, 21, 27, 33], surgical
and prosthetic protocols adopted [6, 11–14, 16, 34, 35], and
experience and skills of the surgeon/prosthodontist [13].

Our prospective short-term clinical study seems to con-
firm the findings reported in the current literature, although
the distributions of patients, implants, and prosthetic rehabil-
itations were peculiar. In fact, the distribution of patients was
statistically inhomogeneous with respect to sex (𝑝 = 0.001),
smoking habit (𝑝 = 0.004), and history of periodontal disease
(𝑝 < 0.0001). The majority of patients (20 versus 4) were
in fact female; although smokers were numerically inferior
to nonsmokers, the percentage of smokers was rather high
(24/115, 20.8%); finally, all patients (100%) had a history of

chronic periodontal disease. As is known, smoking and his-
tory of periodontal disease are risk factors for implant therapy
failure [26, 28, 30, 32]; nevertheless, in this clinical trial,
implant survival was high (95.9%, patient-based), and we did
not report failures caused by infection or peri-implantitis,
with a relatively low incidence of biological complications
(4.1% patient-based, with a reversible peri-implant mucositis
affecting 2 fixtures in a single patient). Peri-implant marginal
bone resorption was quite low, with overall values of 0.21mm
(±0.15mm; median, 0.18mm; 95% CI, 0.19–0.23mm) and
0.25mm (±0.11; median 0.25mm; 95% CI, 0.24–0.26mm),
respectively, 1 and 3 years after implantation, in line with the
current literature [11–14, 23]. With respect to implant site, in
our study the majority of the fixtures were placed in the max-
illa (130), against a smaller number of mandibular implants
(85), with a nonhomogeneous distribution (𝑝 = 0.002);
overall, the distribution of implants was also inhomogeneous
by location (𝑝 < 0.0001), with a majority of fixtures placed in
the posterior region (138/215, 64.2%). It is well known that
bone quality is lower in the posterior areas, particularly in
the maxilla, and can represent a risk factor for the short- and
long-term success of implants [6, 9, 11–13, 35]. In our study,
most of the implants (201/215, 93.4%) were placed in sites
with lower-quality bone (type III and IV bone); only 14 were
installed in areas of high density (types I and II bone). On the
other hand, most of the fixtures (151) were positioned at sites
that in some way regenerated, whereas only 64 implants were
placed in native bone. Finally, in our clinical work, the vast
majority of the fixtures were positioned in fresh extraction
sockets (144) rather than in completely healed edentulous
ridges (71) (again, there was a statistically significant differ-
ence between the two groups, with 𝑝 < 0.0001). Immediate
implant placement in fresh postextraction sockets is a well-
known and clinically successful procedure [14, 19]; however,
the insertion and primary stabilization of the fixture in a
postextraction socket may not be simple, and the procedure
is certainly more risky than the conventional technique
and positioning of the fixture in a fully healed edentulous
ridge [14, 19]. Nevertheless, in this clinical work, only 2
implants failed, both in the posterior maxilla of a patient who
had been subjected to bone regeneration through sinus lift.
The excellent results reported in this study were certainly
made possible by the clinical experience of the operator (a
single experienced operator performed all surgeries), but also
and especially by the use of a tapered implant with pecu-
liar macrotopography, characterized by knife-edge threads,
capable of maximizing the primary implant stabilization
in difficult situations (as in the case of low-bone-quality
sites, regenerated sites, or postextraction sockets) [21–23,
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33]. This thread design, may, in fact, result in maximized
bone-to-implant contact and compressive force resistance
and minimized shear force production; this could help in
maintaining implant stability in the immediate postplace-
ment healing period [21–23, 33]. In addition, the implants
used in the present study featured a surface with peculiar
micro- and nanotopographical characteristics. In fact, the
superimposition of an ultrastructural treatment (by means
of incorporation of calcium ions) on the classic sandblasted
surface made it possible to obtain a nanostructured surface
with increased contact area and high surface energy [22, 24].
As reported in the literature, a surface with increased surface
area and free energy can stimulate and accelerate the deposi-
tion of new bone, thus transforming the primary stabilization
of a mechanical nature into a stable biological, secondary
stabilization, paramount for the integration, and success
of the fixture [15, 17]. Finally, with respect to prosthetic
protocols, it should be noted that in the present work almost
all FFAs were loaded immediately (27/36, 75%); only 9 were
conventionally loaded.Moreover, inmost cases, the opposing
arch was represented by FFAs or natural teeth, whereas only
2 cases were represented by removable dentures with resin
teeth.These elements, again, give value to the implant system
employed in this clinical work, which is able to support
the load in difficult contexts, as previously reported in the
literature [21–23]. It is interesting that, in this study, the
number of prosthetic complications was slightly higher than
the number of biological complications, with an incidence
of 5.5% (2/36 FFAs), considering the definitive prostheses
only. Indeed, in 2 cases there was chipping or fracture of the
ceramic coating; this against two arches supported by 4 and
6 implants, respectively. In addition, there were problems in
the provisionalization period, with 4 fractures of temporary
restorations, which were repaired or replaced. Again, these
adverse events occurred in FFAs supported by 4 (2 fractures)
or 6 (2 fractures) implants. No complications occurred in
FFAs supported by 7 or 8 implants, which, in accordance with
the literature, suggests that placement of a greater number of
implants, in themediumand long term, reduces the incidence
of prosthetic complications affecting FFAs [35]. However,
in any case, all complications reported in this article were
technical in nature and, therefore, affected the prosthetic
superstructures; we did not reportmechanical complications,
that is, adverse events occurring at the implant-abutment
connection. The type of connection used in the implant
system in this clinical work (a 5mm deep conical connection
combined with an internal hexagon) seems to ensure high
mechanical stability, at least in the short term; however, this
should be confirmed in the medium and long term.

Globally, the complication-free survival of restorations
(88.9%) reported in this study was higher than reported in
previous work [10, 16, 29], given the complexity of FFAs
(restorations that are, by nature, subject to a higher com-
plication rate than single crowns or fixed partial dentures
supported by implants).

However, the present clinical study has limitations. First,
the number of patients treated and, consequently, the number
of restorations placed are relatively low: further studies
are needed on larger numbers of patients to confirm the

extremely positive outcomes reported here. Second, this is a
short-term study (mean follow-up, 2.0±0.8 years).Therefore,
all positive evidence that emerged in this study will have
to be verified in the medium and long term, by following
these implant-supported prosthetic rehabilitations over time
and recording survival and complications. Finally, for proper
assessment of the stability of marginal bone tissue around
the implants, evaluation through panoramic radiography is
definitely a second choice. The panoramic radiographs are
subject to more distortion than periapical intraoral x-rays, so
the latter would be preferable for a more accurate calculation
of bone loss around the implants over time.

5. Conclusions

In the present prospective clinical study, FFAs supported by
tapered implants with knife-edge thread design and a nanos-
tructured, calcium-incorporated surface were extremely suc-
cessful in the short term, with high implant survival
rates (95.9% patient-based, 99.1% implant-based). The peri-
implantmarginal bone losswas 0.21±0.15 and 0.25±0.11mm,
respectively, 1 and 3 years after implant placement. A low
incidence of biological (4.1% patient-based, 0.9% implant-
based, and 2.7% restoration-based) and prosthetic (5.5%
restoration-based) complications was reported, for an overall
“complication-free” survival of restorations of 88.9%. These
positive clinical outcomes need to be confirmed in further
long-term studies on larger samples of patients.
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