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Abstract
Objective The aim of this randomized, controlled histologic/
histomorphometric study was to compare the early bone for-
mation around immediately loaded implants with nanostruc-
tured calcium-incorporated (NCI) and machined (MA) sur-
face, placed in the human posterior maxilla.
Materials and methods Fifteen fully edentulous patients
(six males; nine females; mean age 57.9 ± 6.7 years)
were selected for this study. Each patient was installed
with two temporary transmucosal implants, with differ-
ent surfaces: one NCI (test) and one MA (control) im-
plant. All temporary implants were placed in the poste-
rior maxilla, according to a split-mouth design, to help
to support an interim complete maxillary denture. After

8 weeks, all temporary transmucosal implants were re-
trieved for histologic/histomorphometric evaluation. The
bone-to-implant contact (BIC%) and the bone density
(BD%) were calculated. The Wilcoxon matched-pairs
signed-rank test was used to evaluate differences
(BIC%, BD%) between the surfaces. The level of sig-
nificance was set at 0.05.
Results Eight weeks after placement, 24 clinically stable
implants (12 test, 12 control) were subjected to
histologic/histomorphometric evaluation. In the MA im-
plants, the histomorphometric evaluation revealed a
mean BIC(±SD)% and BD(±SD)% of 21.2(±4.9)% and
29.8(±7.8)%, respectively. In the NCI implants, the
h i s t omorphome t r i c ana ly s i s r evea l ed a mean
BIC(±SD)% and BD(±SD)% of 39.7(±8.7)% and
34.6(±7.2)%, respectively. A statistically significant dif-
ference was found between the two surfaces with regard
to BIC% (p < 0.001), while no significant difference
was found with regard to BD% (p = 0.09).
Conclusions The NCI surface seems to increase the peri-
implant endosseous healing properties in the native bone of
the posterior maxilla, under immediate loading conditions,
when compared with the MA surface.
Clinical relevance Under immediate loading conditions in
the human posterior maxilla, the nanostructured
calcium-incorporated surface has led to better histologic
and histomorphometric results than the machined sur-
face; therefore, the clinical use of implants with nano-
structured calcium-incorporated surface may be benefi-
cial in the posterior maxilla, under immediate loading
protocol.
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Introduction

In recent years, immediate loading protocols have become
extremely popular in modern oral implantology; in fact, they
meet the needs of patients, who ask for a reduction in the
number of operating sessions and, therefore, of time/costs of
surgical and prosthetic therapy [1–4]. Immediate loading
eliminates the need for second-stage surgery and is highly
appreciated because it offers immediate comfort, avoiding
the inconvenience of temporary removable prostheses during
the healing phase [5–7].

In order to load implants immediately, particularly in re-
gions with poor bone quality (such as the posterior maxilla),
some authors have recommended to use implants with sur-
faces that are able to stimulate new bone apposition and can
increase the values of the connection between the bone and the
implant, reducing the healing time [8–10]. The objective of
modern oral implantology is twofold: on the one hand, it aims
to obtain satisfactory long-term bone–implant integration
(achieving a direct bone-to-implant connection on most of
the implant surface) [8, 9]; on the other hand, it aims to reduce
the healing time, in order to proceed as soon as possible with
functionalization of the implant [3, 4, 8, 10].

The study of the implant–surface interface is key, and the
introduction of surfaces with specific microtopographical fea-
tures (sandblasted, acid etched, sandblasted/acid-etched surfaces)
designed to stimulate the apposition of new bone tissue has al-
ready allowed clinicians to obtain excellent results [11, 12].

More recently, the focus has shifted to the nanotopography
of the implant surfaces [13, 14]. In fact, the nanotopography of
moderately rough implant surfaces seems to promote osteo-
genesis, increase the ratio of bone-to-implant contact, and in-
crease the mechanical strength of the bone to the implant at the
interface [14, 15].

Since titanium and its alloys exhibit bone-bonding bioac-
tivity when a certain kind of thin ceramic layer is grown on
their surface via simple chemical and heat treatments [14],
various nanostructured calcium-incorporated implant surfaces
have been introduced [8, 15]. Among these, there are surfaces
treated with discrete crystal deposition of calcium phosphates
[16, 17], surfaces obtained through ion-beam assisted deposi-
tion of calcium ions [18–20], and surfaces enriched with cal-
cium ions through hydrothermal methods [21].

Human histological studies are certainly the best way to
study the bone healing on the implant surfaces [22–25].
Although several studies have shown that the clinical use of
implants with nanostructured calcium-incorporated surfaces
can ensure high survival and rate success, at least in the short
term [26–29], little is known about the early bone response to
nanostructured calcium-incorporated implants in humans. In
fact, only a few histologic and histomorphometric studies
have addressed this topic [30–32]. Most of these studies were
based on few samples, retrieved from the posterior maxilla of

different subjects after an unloaded healing period [30–32]; to
our knowledge, no human histological and histomorphometric
studies on immediately loaded nanostructured calcium-
incorporated implants are currently available in the literature.

Hence, the aim of the present randomized controlled histo-
logic and histomorphometric study was to compare the early
peri-implant endosseous healing properties of immediately
loaded nanostructured calcium-incorporated (NCI) implants
and machined (MA) implants, placed in the native bone of
the posterior maxilla.

Materials and methods

Study design

The present study was designed as a randomized controlled
histologic/histomorphometric investigation reporting on im-
mediately loaded temporary transmucosal implants that were
placed in the human posterior maxilla and retrieved after a
period of 8 weeks. In particular, the study aimed to compare
the early bone response to immediately loaded implants with
an NCI surface andMA surface, placed in the human posterior
maxilla. During a normal surgical procedure for the placement
of conventional implants, each enrolled patient also received
two temporary transmucosal implants (n = 1 NCI implant:
test; n = 1 MA implant: control), which were inserted in the
posterior maxilla, according to a split-mouth design. The tem-
porary transmucosal implants were placed with the aim to
support an interim complete maxillary denture, until healing
of the conventional implants. After 8 weeks, during the two-
stage surgery to uncover the conventional implants, all tem-
porary transmucosal implants were retrieved for histologic/
histomorphometric evaluation.

Patient selection

A total of 15 fully edentulous patients (6 males; 9 females;
aged between 48 and 69 years, mean age 57.9 ± 6.7 years,
median 57, CI 95% 54.6–61.2), 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. Inclusion criteria
were good systemic and oral health and sufficient native bone
to place implants of a 3.25-mm diameter and 8-mm length.
Exclusion criteria for this study were any systemic condition
that could affect bone healing (immunocompromised status,
uncontrolled diabetes; radio- or chemotherapy of the head or
neck; treatment with oral and/or intravenous amino-
bisphosphonates), pregnancy, nursing, and smoking. All par-
ticipants received detailed explanations about the nature of the
study and signed a written informed consent form. The
Institutional Clinical Research Ethics Committee of
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Guarulhos University (CEP #201/03) approved the protocol
of the present study, which was conducted according to the
principles outlined in the World Medical Association’s
Declaration of Helsinki on experimentation involving human
subjects, as revised in 2008.

Temporary transmucosal implants

The temporary transmucosal implants used in the present
study were made of titanium grade 4. All implants were one
piece, macroscopically identical (3.0 mm diameter × 6 mm
length), but different in the surface treatment. In fact, test
implants (Anyridge®, Megagen Implant Co., Gyeongbuk,
South Korea) had a NCI titanium implant surface (Xpeed®),
while the control implants had a conventional MA surface.
The test implant surface was obtained by modifying an orig-
inal surface produced by grit-blasting with particles of resorb-
able calcium phosphate (resorbable blast media, RBM), which
was enriched with the calcium using hydrothermal method. In
brief, RBM implants were immersed in a mixed solution of
0.2 M sodium hydroxide (NaOH) and 2 mM calcium oxide
(CaO) dissolved in deionized water using a Teflon-lined hy-
drothermal reactor system at 180 °C for 24 h under a water
pressure of 1 MPa2. With this procedure, a nanolayer of Ca2+

ions was incorporated onto the RBM surface, giving a calcium
titanate (CaTiO3) nanostructure. The NCI implant surface was
investigated with scanning electron microscopy (SEM)
(Fig. 1). The following standard roughness parameters were
measured: 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 difference between the
highest and lowest points). The SEM evaluation of NCI sur-
face implants revealed a mean Ra of 1.6 (±0.2)μm, a mean Rq
of 2.1 (±0.3) μm, and a mean Rt of 15.7 (±0.2) μm,
respectively.

Surgical protocol

Thirty transmucosal temporary implants (n= 15 test implants and
n = 15 control implants) were inserted in this study. All implants
were placed under aseptic conditions. After local anesthesia, 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 pros-
thetic plan prepared for each patient. After placement of the
conventional implants, two transmucosal temporary 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 maxilla or left posterior
maxilla) was random, as determined by a coin toss. The tempo-
rary implant sites were prepared according to the manufacturer’s
recommendations, under profuse irrigation with sterile saline.
The stability of all implants was checked using a dedicated in-
strument (Osstell Mentor®, Osstell, Gothenburg, 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 maxil-
lary denture during the entire healing period. Immediately after
implant surgery, the interim maxillary denture was seated in the
patient’s mouth and relined intraorally with soft resin. Interim
maxillary denture stability, retention, and occlusion were imme-
diately checked. Patients were instructed not to remove the den-
ture for 24 h to minimize swelling. Clindamycin 300 mg
(ClindaminC®, Teuto, Anapolis, Goias, Brazil) was adminis-
tered three times a day for a week, in order to avoid post-
surgical infection. Post-operative pain was controlled with
600 mg ibuprofen (Actron®, Bayer Scherig Pharma, Berlin,
Germany) every 12 h for 2 days. To enable subjects to control
post-operative dental biofilm, 0.12% chlorhexidine rinses
(Chlorexidine®; OralB, Boston, MA, USA) were prescribed,
twice a day for 14 days. The sutures were removed after 10 days.

Specimen retrieval and histologic/histomorphometric
analysis

The interim prosthesis remained connected to the temporary
implants for a period of 8 weeks. After this period, during the
two-stage surgery to uncover the conventional implants, the
transitional fixtures (one test and one control implant) and the
surrounding tissues were retrieved from each patient, using a
4.5-mm-wide trephine bur. During this procedure, which was
performed as previously reported [22, 33], great attention was
placed and care was taken not to damage the bone–implant
interface and to preserve the integrity of the peri-implant tis-
sues. Clinically, mobile temporary implants were not

Fig. 1 Nanostructured calcium-incorporated (NCI) implant (test).
Scanning electron microscopy evaluation revealed a mean Ra of 1.6
(±0.2) μm, a mean Rq of 2.1 (±0.3) μm, and a mean Rt of 15.7
(±0.2) μm, respectively. Magnification ×5000
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considered for the histologic/histomorphometric evaluation.
The specimens were fixed by immediate immersion at 10%
buffered formalin and processed (Precise 1 Automated
System®, Assing, Rome, Italy) to obtain thin ground sections,
as previously described. 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 sectioned longitudinally along the major axis of the im-
plants with a high-precision diamond disk at about 150 μm
and ground down to about 30 μm. Two slides were obtained
for each implant. The slides were stained with basic fuchsin
and toluidine blue. The specimens were analyzed under a
transmitted light microscope (Laborlux S®, Leitz, Wetzlar,
Germany) that was connected to a high-resolution video cam-
era (3CCD-JVC KY-F55B®, JVC, Yokohama, Japan) and
interfaced to a monitor and a personal computer (Intel
Pentium III 1200 MMX®, Intel, Santa Clara, CA, USA).
This optical system was associated with a digitizing pad (D-
Pad®, Matrix Vision GmbH, Oppenweiler, Germany) and
controlled by a software package with image capturing capa-
bilities (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 500-μm-wide zone lat-
eral to the implant surface was measured bilaterally, as previ-
ously reported.

Statistical analysis

All collected data were inserted in a sheet for statistical anal-
ysis (Excel 2003®, Microsoft, Redmond, WA, USA). Mean,
standard deviation, median, and confidence intervals (CI
95%) of histomorphometric values (BIC%, BD%) were cal-
culated for each implant and then for each group of implants
(test versus control implants). Comparisons of the differences
in bone–implant percentage values in both groups were car-
ried out using the non-parametric Wilcoxon test for paired
samples. The level of significance was set at 0.05. Results
were presented as mean ± standard deviation (SD), and differ-
ences at p < 0.05 were considered statistically significant. All
computations were carried out with a statistical analysis soft-
ware (SPSS 17.0®, SPSS Inc., Chicago, IL, USA).

Results

Clinical observations

Two months after placement, a total of 30 temporary
transmucosal implants (n = 15 test implants and n = 15 control

implants) were evaluated and retrieved. Five implants (two
test implants and three control implants) in three different
patients were clinical ly unstable and showed no
osseointegration, although they did not show any sign of in-
fection. All implants retrieved from these three patients were
therefore excluded from the study and were not histologically/
histomorphometrically evaluated. The remaining 24 implants
retrieved from 12 patients were clinically stable at the time of
r e t r i e v a l a n d w e r e t h e r e f o r e h i s t o l o g i c a l l y /
histomorphometrically evaluated.

Histologic/histomorphometric evaluation

In the ground sections from the NCI implants (test), at low-
power magnification, it was possible to see newly formed
bone around the implant surface. In a few samples, the im-
plants were almost completely surrounded by newly formed
bone (Fig. 2), while in others, mature bone was evident far
from the implant surface and bone neoformation between the
pre-existing bone and the implant surface (Fig. 3). In the cor-
onal portion, only newly formed bone with a trabecular struc-
ture and strongly stained with acid fuchsin and a few areas of
osteoid matrix could be observed. In some specimens, new
bone on the surface, even in areas far from the pre-existing
bone, was present (Fig. 4). In some areas of the middle and
apical portions of the implants, the native bone was evident far
from the surface and newly formed bone was present on the
surface. Wide osteocyte lacunae could be observed and they
often were in close vicinity to the implant surface (Fig. 5).

In the MA implants (control), at low-power magnification,
compact bone with small marrow spaces was present around
all the fixtures, but not in contact with their surface. Only in
the apical portion of the threads was it possible to see pre-
existing bone in contact with the surface, while newly formed
bone was evident only in the apical portion of the implants
(Fig. 6).

In the NCI implants (test), the histomorphometric analysis
revealed mean BIC(±SD)% and BD(±SD)% of 39.7(±8.7)%
and 34.6(±7.2)%, respectively. The BIC% ranged from 24.6 to
60.9, the median was 39.1, and the confidence interval (95%)

Fig. 2 Nanostructured calcium-incorporated (NCI) implant (test). Newly
formed trabecular bone surrounded the whole implant perimeter. Acid
fuchsin and toluidine blue, magnification ×12
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was 34.8–44.7. The BD% ranged from 19.0 to 45.0, the me-
dian was 33.4, and the confidence interval (95%) was 30.5–
38.7.

In the MA implants (control), the histomorphometric eval-
uation revealed mean BIC(±SD)% and BD(±SD)% of
21.2(±4.9)% and 29.8(±7.8)%, respectively. The BIC%
ranged from 12.5 to 34.5, the median was 21.0, and the con-
fidence interval (95%) was 18.4–24.0. The BD% ranged from
19.2 to 44.0, the median was 29.1, and the confidence interval
(95%) was 25.4–34.3.

A significant difference was found between the two im-
plant surfaces with regard to BIC% (p < 0.001). Although
BD% was higher in the test group than in the control group,
this difference was not statistically significant (p = 0.09). The
histomorphometric results are summarized in Figs. 7 and 8.

Discussion

At present, histologic/histomorphometric assessment is the
most accurate method to investigate the bone healing process-
es and morphological characteristics of the bone–implant in-
terface [22–25].

Unfortunately, only a few studies in the present literature
have dealt with histologic/histomorphometric evaluation of

human-retrieved NCI implants [30–33]: this is because of eth-
ical issues related to implant retrieval from human subjects.

In a human histologic and histomorphometric study, Goenè
and coll. [30] inserted nine pairs of small experimental im-
plants (nine dual acid-etched conditioned with discrete crystal
deposition of nanometer-scale crystals of calcium phosphate
as the test and nine conventional dual acid-etched as the
control) in the native bone of posterior maxilla. The implants
were retrieved with trephine drills after 4 or 8 weeks of
unloaded healing, for the purpose of assessing the rate and
extent of new bone development through histologic analysis
[30]. The mean bone-to-implant contact value for the test im-
plants was significantly increased over that of the control im-
plants at both time intervals [30]. The authors concluded that
the addition of a nanometer-scale calcium phosphate treatment
to a dual acid-etched implant surface increased the extent of
bone apposition after 4 and 8 weeks of healing [30].

Similar results were obtained by Orsini and coll. [31], who
evaluated the bone response to the same nanostructured im-
plant surface, obtained through discrete deposition of
nanometer-sized calcium phosphate particles on a dual acid-
etched surface. One experimental mini-implant with a novel
nanostructured calcium–phosphate added surface (test) and
one dual acid-etched surface mini-implant (control) were
placed in the posterior maxilla of 15 patients. After 2 months,
the mean BIC(±SD)% was 32.2(±18.5)% and 19.0(±14.2)%

Fig. 3 Nanostructured calcium-incorporated (NCI) implant (test). Pre-
existing bone far from the implant surface, and newly formed bone
close to it were evident. Acid fuchsin and toluidine blue, magnification
×12

Fig. 5 Nanostructured calcium-incorporated (NCI) implant (test). The
implant thread was lined by newly formed bone, and an intense
osteoblastic activity was still evident. Acid fuchsin and toluidine blue,
magnification ×40

Fig. 4 Nanostructured calcium-incorporated (NCI) implant (test). Newly
formed trabecular bone around and in contact with the coronal portion of
the implant. Acid fuchsin and toluidine blue, magnification ×40

Fig. 6 Machined implant (control). Compact bone with small marrow
spaces was present around the implant but not in contact with its surface.
Acid fuchsin and toluidine blue, magnification ×12
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for test and control implants, respectively: this difference was
statistically significant [31]. In the test specimens, new bone
was tightly contacting the implant surface, with better adapta-
tion to the threads. These results were confirmed by the 3D
reconstruction of sections obtained using confocal laser scan-
ning microscopy (CLSM), which showed the intimacy of the
contact between the bone and test surfaces through the entire
thickness of the specimens [31]. The authors concluded that
the use of implants with novel nanostructured calcium–phos-
phate surface may be indicated in areas of poor bone quality
[31].

Finally, Tellemann and coll. [32] inserted two experimental
mini-implants (one dual acid-etched implant as the control
and one dual acid-etched implant conditioned with discrete
deposition of nanometer-sized calcium phosphate particles
as the test) to fixate an iliac crest bone graft to the maxilla of
15 patients. A part of each mini-implant was in contact with
the grafted bone and a part extended into the native maxillary
bone [32]. After an undisturbed healing period of 3 months,
the specimens were harvested for the histological evaluation
[32]. At the end of the study, the discrete deposition of
nanometer-sized crystal of calcium–phosphate increased the
peri-implant endosseous healing properties in the native bone
of the maxilla compared with the conventional dual acid-
etched surface, with a statistically higher BIC%; however,
no significant difference in new bone apposition was reported
in the bone graft area [32].

Shibli and coll. [33] evaluated the influence of two differ-
ent implant surfaces (a bioceramic molecular impregnated sur-
face as the test versus a dual acid-etched surface as the control)
on the BIC% and bone osteocyte density in the human

posterior maxilla after 2 months of unloaded healing. Ten
patients received two implants (one of each surface) during
conventional implant surgery in the posterior maxilla [33].
After an undisturbed healing period of 2 months, the implants
and the surrounding tissue were removed for histologic/
histomorphometric analysis [33]. Histometric evaluation
showed significantly higher BIC% for the test compared to
the control surface. These data suggested that the bioceramic
molecular impregnated surface-treated implants positively
modulated bone healing at early implantation times compared
to the dual acid-etched surface [33].

Although all the aforementioned human studies suggest
that treatment with nanometer-sized calcium phosphate parti-
cles can promote osseointegration, supporting new bone for-
mation on the implant surface [30–33], still there are no
histologic/histomorphometric studies on the immediate load-
ing of NCI implants in humans.

Therefore, the aim of our present randomized, controlled
histologic/histomorphometric study was to evaluate the early
bone formation around immediately loaded NCI implants
placed in the human posterior maxilla and to compare these
results with those obtained with macroscopically identical im-
plants with an MA surface. Fifteen fully edentulous patients
were installed with two temporary transmucosal implants with
different surfaces: one NCI (test) and one MA (control) im-
plant. All temporary implants were placed in the posterior
maxilla, according to a split-mouth design, and were subjected
to immediate loading conditions, since they helped to support
an interim complete maxillary denture. After 8 weeks, all clin-
ically stable temporary transmucosal implants were retrieved
for histologic/histomorphometric evaluation. In the MA im-
plants, the histomorphometric evaluation revealed mean

Fig. 7 Histomorphometric results with MA and NCI implants: bone-to-
implant contact (BIC%) and bone density (BD%). In the MA implants,
the histomorphometric evaluation revealed mean (±SD) BIC% and BD%
of 21.2 (±4.9) and 29.8 (±7.8), respectively. In the NCI implants, the
histomorphometric analysis revealed mean (±SD) BIC% and BD% of
39.7 (±8.7) and 34.6 (±7.2), respectively

Fig. 8 Histomorphometric results with MA and NCI implants: bone-to-
implant contact (BIC%) and bone density (BD%). A statistically
significant difference was found between the two surfaces with regard
to BIC% (p < 0.001), while no significant difference was found with
regard to BD% (p = 0.09)
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BIC(±SD)% and BD(±SD)% of 21.2(±4.9)% and
29.8(±7.8)%, respectively. In the NCI implants, the
histomorphometric analysis revealed mean BIC(±SD)% and
BD(±SD)% of 39.7(±8.7)% and 34.6(±7.2)%, respectively. A
statistically significant difference was found between the two
surfaces with regard to BIC% (p < 0.001), while no significant
difference was found with regard to BD% (p = 0.09). Hence,
the results of our study seem to confirm that the deposition of
calcium–phosphate nanoparticles on the implant surface can
actually stimulate bone healing in the short-term, even under
critical conditions, such as immediate loading in the posterior
maxilla [22]. This can represent an important advantage today,
in a context in which immediate loading is increasingly
demanded by patients and practiced by clinicians [34, 35],
as it may contribute to the survival and success of dental
implants in the long term [22]. In our present study, in partic-
ular, a blasted titanium surface was thermally modified to
form a nanostructured calcium-incorporated (NCI) surface
[21]. This procedure has the potential to increase the
osteoconductivity of endosseous implants at the cellular level.
In fact, calcium titanate (CaTiO3) has been shown to promote
osteoblast adhesion and proliferation; moreover, increased
calcium composition in the outer oxide layer increased protein
adsorption onto the titanium surface by ionic bonding at a
physiological pH, which subsequently affected cell adhesion
[12, 13, 21]. This finally results in a biochemical bone bond-
ing of NCI implants in vivo, as previously reported [13, 21]
and confirmed here. Recently, several clinical studies have
reported excellent survival and success rates for implants with
a surface enriched with calcium ions through hydrothermal
methods in different clinical contexts [6, 28, 29, 36, 37].

Our present study has limits, such as the limited number of
implants placed and retrieved, as well as the dimensions of the
fixtures inserted. In fact, in the present study, we have used
implants of reduced dimensions (6.0 mm in height × 3.0 mm
in diameter): this may be a limitation because the use of stan-
dard length and diameter implants could have led to different
results [38]. In a recent systematic review reporting on human
histologic/histomorphometric studies, the authors reported
that there are differences in BIC% of commercially available
and experimental mini-implants; in addition, the authors re-
ported that the implant design, coupled with the anatomical
region and the state of loading seem to have an influence on
BIC% [38]. In our present study, only patients in whom both
implants were clinically stable were considered for the
histologic/histomorphometric evaluation. In fact, five im-
plants (two test and three control implants) in three different
patients were clinical ly unstable and showed no
osseointegration: these patients were therefore excluded from
the study, and their implants were not considered for the
histologic/histomorphometric evaluation. Finally, in the pres-
ent study, we did not conduct an analysis of the removal
torque of implants. The existence of a strong positive

correlation between the force necessary for removal of im-
plants and the degree of bone–implant contact has long been
known in the scientific literature [39, 40], and the biomechan-
ical findings are often consistent with the histologic/
histomorphometric data. For these reasons, it could be inter-
esting to study the removal torque of the implants placed in
this study and compare this evidence with that emerging from
the histologic/histomorphometric evaluation. For all these rea-
sons, more randomized controlled clinical studies are needed
to confirm the evidence emerging from our present histologic/
histomorphometric work.

Conclusions

Within the limits of these histologic/histomorphometric data,
immediately loaded NCI temporary implants in human poste-
rior maxilla presented statistically significantly higher BIC%
compared to MA implants. However, these data must be con-
sidered with caution because of the study design and method-
ology (only stable implants were evaluated). Therefore, addi-
tional controlled randomized clinical studies are needed to
draw more specific conclusions about the early bone response
to NCI implants, when subjected to immediate loading.
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