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The development of new biomaterials and regenerative
medicine strategies appears as a major field of research
in periodontology, oral surgery, and esthetic and implant
dentistry (the POSEID disciplines) in the current era of tissue
engineering and quest for tissue regeneration. Biomaterial
research remains the core science of all these opportunities
of regenerative treatments of the maxilla and improvement
of oral rehabilitation [1].

In our previous special issues in 2015 and 2016,we selected
a series of articles with new data on a wide range of topics
in biomaterials and regenerative research in periodontology,
oral surgery, and esthetic and implant dentistry, and we
highlighted how these interconnected fields of research are
both transversal (multidisciplinary) and translational (from
basic sciences to clinical applications). In this 2018 special
issue, we selected articles with the same insight and wished
to illustrate the complexity of this research field.

In our previous editorials in 2015 and 2016, we described
particularly the strength, weakness, opportunities, and
threats on these disciplines and how research in implantable
materials, particularly dental implants (new implant design
and surfaces) [2], bone materials, or surgical adjuvants [3],
is affected by not only scientific bias and misunderstandings,

but also industrial and financial interferences, creating many
inaccuracies in the literature. Despite the incredible potential
and revolution these disciplines are supporting for patients
and the clinical approach of oral rehabilitation, there is also a
major threat to the credibility of this field.

In the 2016 editorial of this special issue, we described
particularly some ethical and legal issues related to this field,
especially concerning the lack of transparency and control
in dental implants (with so many illegal pirate productions
or the lack of quality controls in general) or through the
dramatic example of L-PRF (leukocyte- and platelet-rich
fibrin) and related blood derivatives (with many providers
marketing kits and devices for blood concentrates without
any legal authorization in many countries, for example,
A-PRF and i-PRF) [4]. These major issues were creating
confusion in themind of users, but also in the literature some
researchers received undisclosed funding to write articles
about techniques or materials [5], which sometimes were
marketed but not even legally authorized! This was one of
the major threats to this research field: how the credibility of
some research topics was affected by the lack of ethics of some
authors and merchants [5].
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In 2018, unfortunately, very little has evolved. As a strange
matter of fact, the development of these new biomaterials
and regenerative medicine strategies seems to have reached
a plateau that no one seemed to expect so early, before any
major breakthrough or revolution of the clinical paradigms.
As we can observe in the current literature, research topics
seem to be permanently turning around, andwe see currently
very little major developments.

In this 2018 special issue on new biomaterials and regen-
erative medicine strategies in periodontology, oral surgery,
and esthetic and implant dentistry, we continued our task to
gather a meaningful corpus of relevant articles. More than
before, a better control of the specialized literature is needed.
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Novel one-piece implants with concave smooth neck have been introduced to promote the formation of a thick mucosal layer and
preserve marginal bone. A retrospective study on 70 patients with 1- to 6-year follow-up was carried out. Cumulative survival rates
were assessed. Variations of marginal bone level were measured on periapical radiographs as distance of the implant-abutment
junction from the bone crest. Influence of different variables on treatment outcome was evaluated. Cumulative success rate after
6 years was 99.4 % at implant level and 98.6 % at patient level. Marginal bone level changed in a significant way over time. After
4 months, an increase of radiographic bone level of 0.173 ± 1.088 mm at implant level and 0.18 ± 1.019 mm at patient level was
recorded. Mean marginal bone loss after 5 years was 0.573 ± 0.966 mm at implant level and 0.783 ± 1.213 mm at patient level. Age,
sex, smoking habits, implant sites, implant lengths and diameters, prosthetic retentions, and timing of loading did not influence
marginal bone remodeling in a statistically significant way. At 4-year follow-up partial restorations lost a mean of 0.96 mm of more
marginal bone compared with single restorations. This difference was statistically significant.

1. Introduction

The maintenance of peri-implant marginal bone level is the
key to long-term functional and esthetic outcome of
implant-supported restorations. Together with the absence of
pain, inflammation, mobility, and radiographic radiolucency
between implant and bone, a marginal bone loss lower than
2 mm is a mandatory criterion of success [1].

Many factors have been advocated to explain marginal
bone resorption around a healthy osseointegrated implant:
the establishment of a biological width, the occlusal trauma,
the gingival biotype, the surgical trauma, the micromove-
ments of the abutment, retrieved cycles of connection and
disconnection of the abutment, the bacterial colonization of
the implant-abutment junction (IAJ), the distance of the IAJ

from the bone crest, and the implantmicro- andmacrogeom-
etry [2–6]. Still, the etiological factors underlying marginal
bone loss have not been fully established [5, 7]. Implant neck
morphology has been widely investigated in order to find
designs that would promote bone ingrowth or limit bone loss
and favour the creation of a steady mucosal seal [8].

Implant neck surface characteristics have also proven
some relevance on the soft and hard tissues architecture [9].
The question whether a polished or a rough surface is more
favourable for bone preservation is still debated [10–12].More
recently, one-piece implants have been introduced with a
novel neck design, in which the transmucosal component has
a narrower diameter than the implant body and a concave
smooth surface meant promoting soft tissue creeping and
the formation of a thick mucosal layer, which develops in a
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Figure 1: Twinkon implant with concave smooth transmucosal
neck.

horizontal plane and, as such, is not created at the expenses
of the underlying marginal bone. With respect to traditional
flared implant necks, this new design providesmore space for
soft tissues ingrowth and organization.

Given the encouraging preclinical data, the aim of the
present retrospective study was to analyse the long-term
marginal bone preservation around 167 implants with a
concave transmucosal design placed in 70 patients with 1 to 6
years of follow-up.

2. Materials and Methods

The investigation design was a retrospective study. Clinical
and radiographic documentation of 70 patients that had been
treated with the placement of a total of 167 commercially
available sand blasted Ti-6Al-4V implants with concave
smooth neck (Twinkon�, Global D, Brignais, France) was
collected and analysed. This implant has a one-piece design
with external conical connection, which is protected with
a PEEK plastic ring. The concave transmucosal part is 1.5
mm high and 1.73 mm long (Figure 1).The horizontal inward
mismatch between the implant body and the transmucosal
component is 0.4 mm.The sandblasted surface (sprayed with
corundum micropowder) extends to the apical portion (0.20
mm high) of the transmucosal neck. The coronal portion
of the transmucosal neck is machined (1.3 mm high). The
selection criteria for the cases were the availability of peri-
apical radiographs at baseline and at follow-up/s, clinical
information about sex, age, smoking habits, implant site/s,
insertion torque (< or > 25N/cm), implant/s length/s and
diameter/s, postextractive or delayed placement, single, par-
tial, or full-arch restorations, screw-retained or cemented
prostheses, months of healing before prosthetic load, and
report of complications. Files were excluded if incomplete
or shorter than one year of follow-up and if radiographic
identification of the bone crest level was questionable. All the
patients displayed good general health without systemic or
local contraindications to oral surgery and did not suffer from
active periodontitis at the time of implant placement. Patients
received proper information about the surgical procedures,

risks and alternative solutions, and signed an informed
consent for the analysis and divulgation of their clinical
information for scientific purposes.Theprinciples outlined in
theDeclaration ofHelsinki (64th revision) on clinical research
involving human subjects were adhered to.

2.1. Surgical and Prosthetic Procedures. Following proper
clinical and radiographic evaluation, the patients underwent
professionally delivered oral hygiene and, if required, scaling
and root planning, prior to implant placement. Patients were
given prophylactic antibiotic therapy with 2 g of amoxicillin
plus clavulanic acid (or clindamycin 600 mg, if allergic to
penicillin) 1 h before the intervention and postoperatively
1 g amoxicillin plus clavulanic acid twice a day, for 5 days,
or 300 mg clindamycin twice a day, for 7 days. The surgical
procedure was performed under local anaesthesia. After a
full-thickness crestal incision, a mucoperiosteal flap was
elevated, and implant tunnels were realized with drills of
increasing diameter under generous sterile saline irrigation.
All implants were placed in native bone. Implants were placed
to a depth varying on the clinical situation: as a general
rule, in case of a delayed positioning in a healed ridge,
the implant shoulder was placed at a crestal level, while in
postextractive sockets it was placed 1,5 mm subcrestally, i.e.,
with the coronal end of the concave neck at a crestal level,
according to standard manufacturer’s protocol. Flaps were
carefully sutured with resorbable sutures. X-rays were taken
after implant placement to verify the correct implant position.

Ibuprofen (600mg) was prescribed to be taken as needed.
A cold and soft diet was recommended for 2 weeks and oral
hygiene instructions were given. Patients were instructed to
rinse twice daily with 0.12% chlorhexidine digluconate for the
first 2 weeks. Sutures were removed 7 days after the surgery.

Depending on surgical and prosthetic considerations,
immediate, early, or delayed loading was chosen to rehabili-
tate the patients. Provisional resin restorations were delivered
immediately after implant placement in the case of immediate
loading protocols or few weeks after abutment connection
in the cases of delayed loading protocols. Definitive metal-
ceramic restorations were cemented or screwed 2 to 4months
after provisional delivery.

All the patientswere scheduled in amaintenance program
with clinical and radiographic evaluation and oral hygiene
recalls every 3 to 6 months.

2.2. Measurements. The primary outcome was the marginal
bone level (MBL),measured on periapical radiographs, as lin-
ear distance inmmfrom the implant-abutment junction (IAJ)
of the most coronal radiographic bone-implant contact (rx-
fBIC). This distance was calculated on the mesial and distal
aspect of each implant and given a positive sign if the rx-
fBIC was coronal to the IAJ and a negative sign if it was apical
to the IAJ. The measurements were realized using the Osirix
software (Pixmeo Sarl, Bernex, Switzerland). As radiographs
were not taken with a previously standardized technique,
the biometric evaluations were calibrated on each radiograph
using the height of the concave neck of the implant as known
dimension (1,5mm).Measurements weremade to the nearest
0,1 mm. Variations of MBL from baseline were calculated on
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radiographs taken after 4months and 1, 2, 4, 5, and/or 6 years,
depending on the availability of data, and expressed as means
and standard deviations.

Subgroup analyses were carried out to assess the influence
on the changes in MBL of these variables: sex, age, smoking
habits, implant sites, insertion torque (< or > 25N/cm),
implant length and diameter, postextractive or delayed place-
ment, single, partial, or full-arch restoration, screw- retained
or cemented prosthesis, and months of healing before pros-
thetic load.

The analysis was carried out at patient level and implant
level.

Implant survival and success rate were assessed following
the guidelines for studies on endosseous implants [13–15]:
absence of pain, mobility, suppuration, mucosal redness and
swelling, foreign body sensation, presence of plaque, and
marginal bone loss. If all the parameters were satisfied and
marginal bone loss was lesser than 1,5 mm in the first year of
function and 0,2 mm for the following year, the case outcome
was considered as success otherwise as survival. Rates were
calculated as percentages in each time-frame considered.

2.3. Statistical Analysis. Descriptive statistics were used to
summarize data: frequencies were used for nominal-level
variables; means, standard deviations, and ranges were used
for ordinal and continuous data. A log rank test was run to
investigate differences in the implant and prosthetic survival
distribution with respect to implant location (maxillary or
mandibular arch, anterior or posterior site, and postextractive
or not postextractive site), timing of loading (immediate or
delayed), prosthesis type (single or partial), and implant-
supported restoration type (screwed or cemented).

Marginal bone levels differences over time were inves-
tigated at site level (mesial and distal measurements), at
implant level (mean between mesial and distal measure-
ments), and at patient level (mean among the different
implants of the same subject). At patient level a repeatedmea-
sures ANOVA was used, whereas a repeated measures anal-
ysis including both fixed (time) and random effects (subject)
was performed at site and implant level to account for the
within-subject inner correlation.

Marginal bone levels changes between the different time
points and baseline were calculated. They were compared
with respect to implant location (maxillary or mandibular
arch, anterior or posterior site, and postextractive or not pos-
textractive site), timing of loading (immediate or delayed),
prosthesis type (single or partial), and implant-supported
restoration type (screwed or cemented) through t-tests at
patient level and through nested ANOVAs at site and implant
level (clustered data).

All statistical analyses were conducted using the Statis-
tical Package for Social Sciences Software (SPSS Statistics
Release 21, IBM, NewYork, USA). P < 0.05 was set as the level
for statistical significance.

3. Results

Patient and intervention characteristics are summarized in
Table 1. A total of 70 patients (45 females, 25 males; age

Table 1: Patient and intervention characteristics.

# Patients 70
# Females 45 (64.3%)
Mean age at recruitment (range) 55.64 (22-77)
Smokers 12 (17.1%)

smoking ≤ 10 cigarettes 6 (8.6%)
smoking > 10 cigarettes 6 (8.6%)

# implants 167
# implants received by patient
# patients receiving 1 implant 23 (32.9%)
# patients receiving 2 implants 23 (32.9%)
# patients receiving 3 implants 10 (14.3%)
# patients receiving 4 implants 7 (10.0%)
# patients receiving 5 implants 4 (5.7%)
# patients receiving 6 implants 1 (1.4%)
# patients receiving 7 implants 2 (2.9%)

Arch
# implants placed in Maxilla 17 (24.3%)
# implants placed in Mandible 51 (72.9%)
Both 2 (2.9%)

Site
Anterior 30 (17.8%)
Posterior 139 (82.2%)

# implants placed with ≤ 25 Ncm torque 5 (3.0%)
Mean implant length (mm) 9.74±1.66
Mean implant diameter (mm) 4.25±0.8
Post-extractive implants 33
# patients receiving 1 post-extractive implant 8
# patients receiving 2 post-extractive implants 5
# patients receiving 3 post-extractive implants 1
# patients receiving 4 post-extractive implants 3

Prosthesis
Single 29
Partial 40
Both 1

Implant supported restorations
Screwed 15
Cemented 50
Not reported 5

Months before loading 3.58±2.32

range: 22 to 77 years, mean age at the beginning of the
treatment: 56 years) were treated with 167 implants. The
patients were treated between 2009 and 2012 by the same
experienced surgeon. A small proportion of patients (17.1%)
were smokers; half of the smokers were classified as heavy
smokers (more than 10 cigarettes/day). The majority of the
patients received 1 to 2 implants (65.8%), with a range from
1 to 7 implants per patient. The mandibular arch alone
was the most often treated (72.9 % of the implants), and
implants were placed in the posterior sectors of the upper and
lower jaws in 82.2 % of the cases. Mean implant length and
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Table 2: Implant and prosthetic failures.

4-month 1-year 2-year 4-year 5-year 6-year
follow-up follow-up follow-up follow-up follow-up follow-up

# implant failures n=87 n=9 n=1 n=100 n=59 n=1
0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.0%) 0 (0.0%) 0 (0.0%)

# prosthetic failures n=42 n=6 n=1 n=55 n=31 n=1
0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.82%) 0 (0.0%) 0 (0.0%)

Table 3: Mean peri-implant marginal bone at baseline, at loading, at 4 months, and at 1, 4, and 5 years.

Baseline 4-month follow-up 1-year follow-up 4-year follow-up 5-year follow-up Sig Post
Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Implant lekel∗ n=163 n=85 n=8 n=99 n=55
0.026 ± 0.775 0.173 ± 1.088 -0.386 ± 1.421 -0.383 ± 1.150 -0.573 ± 0.966 0.000 ∘ # § 𝜙 ∧

Patient lekel∗∗ n=70 n=38 n=6 n=41 n=27
0.018 ± 0.734 0.182 ± 1.019 -0.295 ± 1.611 -0.184 ± 0.990 -0.783 ± 1.213 0.002 § ∧

Data are presented as mean ± standard deviation. SD: standard deviation; Sig: significance; post: significant post hoc comparisons; ∘baseline vs 1 year; #baseline
vs 4 years; §baseline vs 5 years; ∗4 months vs 4 years; ∧4 months vs 5 years.

Figure 2: Implant placement in healed ridge for a partial restoration
in posterior mandible. The smooth concave neck is left above the
bony crest to allow soft tissues maturation.

diameter were 9.74±1.66 and 4.25±0.8, respectively. A total of
33 postextractive implants were placed in 17 patients. All but
five implants were placed with a torque > 25 Ncm. A total
of 30 single and 41 partial prostheses were delivered, while
no full-arch rehabilitation was realized. Regarding prosthetic
retention, 50 restorations were cemented, while 15 were
screw-retained; in 3 cases the information was not reported.
A mean time of 3.58±2.32 months before prosthetic loading
was calculated. Data from 4-month, 1-year, 2-year, 4-year, 5-
year, and 6-year follow-upwere collectedwhen available. Due
to the limited number of records, 2-year and 6-year follow-up
data were included in the computation of survival and failure
rates but excluded from other statistical analyses (Figure 2).
Implant and prosthetic failures are summarized in Table 2.

Of all the implants placed, one was lost for peri-
implantitis after 4 years (cumulative success rate: 99.4 % at
implant level; 98.6 % at patient level). The failed implant had
been placed in a healed ridge (not postextractive) and had
been loaded after 3 months, supporting a partial prosthesis
of four elements on four implants in the posterior mandible.

No significant influence in treated arch, site (anterior or
posterior), prosthetic rehabilitation (single or partial), timing
of placement, and loading on the occurrence of implant
failure was detected. Similarly variables as age, sex, smoking
habit, implant length, and diameter did not influence these
rates in a statistically significant way. Two minor prosthetic
complications (screw loosening) were also recorded.

Mean peri-implant marginal bone level changes are
shown inTable 3.MBL changed in a significantway over time,
at site level, at implant level, and at patient level (p: 0.00, 0.00,
and 0.002, respectively). After 4 months, a slight increase
of radiographic level was recorded (mean value: 0.18 mm ±
1.019 at patient level) with respect to baseline, even though
it did not reach statistical significance. At site level, mesial
sites showed significant changes after 4 years and 5 years
with respect to baseline and 4-month follow-up; distal sites
showed significant changes after 1 year, 4 years, and 5 years
with respect to baseline and after 4 years and 5 years with
respect to 4-month follow-up. At implant level, significant
changes were recorded after 1 year, 4 years, and 5 years with
respect to baseline and after 4 years and 5 years with respect
to 4-month follow-up. At patient level, significant changes
were recorded at 5 years with respect to baseline and 4-
month follow-up. Mean marginal bone loss after 5 years was
0.573 ± 0.966 mm at implant level and 0.783 ± 1.213 mm at
patient level (Figure 3). The influence of different variables
on marginal bone level changes was assessed (data not
shown). No statistically significant differences in marginal
bone level changes in relation to the arch treated and location
in the arch (anterior or posterior) were detected. Prosthetic
retention, screwed or cemented, had no significant influence
on marginal bone remodeling, while a significant difference
was found between single and partial restorations for changes
after 4 years with respect to baseline at implant level and
patient level (p value: 0.002, 0.003, and 0.003, respectively).
Partial restorations were found to be subject to more
bone resorption than single restorations (mean difference:
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Figure 3: Radiographic 5-year follow-up of a single restoration.
Some bone growth over the shoulder of the implant can be detected.

0,96 mm at patient level) after 4 years. The timing of loading
had no significant influence on marginal bone remodeling,
while the timing of implant placement was found to be
determinant in a significant way only for distal sites after 4
years with respect to baseline: postextractive implants lost a
mean of 1.003 mmmore than not postextractive implants on
the distal side (p= 0.03).

Variables as age, sex, smoking habits, implant length, and
diameter did not influence marginal bone remodeling in a
statistically significant way.

4. Discussion

The aim of this study was to assess the short- and long-
termalterations of the hard tissues aroundone-piece implants
with concave smooth neck. Marginal bone is the part of
the peri-implant tissues at major risk of resorption. It has
been shown that masticatory stresses are concentrated at this
level, and bone loss can occur as a response to mechanical
trauma [13, 16–18]. Furthermore, implant-abutment junction
is located in this area, and it is theweakest part of the implant-
restoration complex, both from a mechanical point of view
and, mostly, from a biological standpoint. Irrespective of
the kind of connection, a microgap between implant and
abutment will always be present [14] and as a consequence
bacterial microleakage will turn out into marginal bone loss
[15, 19, 20]. Finally, even before prosthetic loading, when the
implant is connected to a prosthetic or healing abutment, the
soft tissues will always need a space to create a connective-
epithelial seal around the transmucosal component. This
biological width will be created at the expenses of the bony
tissue if sufficient contact area is not provided [3].

The novel neck configuration analysed in this retrospec-
tive study has several advantages: the one-piece implant has a
transmucosal neck, which brings the IAJ (and its microgap)
in the soft tissues, away from marginal bone. The concave

neck provides an increased space for soft tissues maturation
and the establishment of a biological width.The incremented
contact area provided by the concave design also provides
major volume; it has been shown that, besides being shorter,
the soft tissue seal around the implant is thicker [21]. The
distance of 1,5 mm between the IAJ and the implant shoulder
can be considered as a “safe distance” that prevents potentially
harmful periodontal flora, which is known to extend apically
from the epithelial junction to a maximum of 1,1 mm [22],
from reaching the first bone to implant contact. Besides, the
smooth surface of the neck prevents bacterial accumulation
and the onset and progression of a peri-implantitis [23].

Three histologic studies showed promising results in
terms of crestal bone preservation and soft tissuesmaturation
with this concave transmucosal design. Bolle et al., in a
histometric study on dogs, found evidence of some bone
apposition on the implant shoulder during the healing: the
marginal bone was at the level of the implant shoulder
after 3 weeks and 0,18 mm above it after 18 weeks [21]. On
the other hand, there have been controversial results about
the dimensions of the biological width around this neck
configuration: according to Huh and Bolle, this dimension is
lower in the vertical plane compared to flared neck designs,
while Kim et al. found no differences. In any case, it appears
clear that a concave profile provides wider surface area given
the same vertical dimension [21, 24, 25].

Monje et al. have shown that, together with factors as the
quality of surgery, peri-implant bone thickness, and patient’s
habits, both the thickness of soft tissue and the location and
characteristics of the IAJ are crucial for the preservation of
peri-implant marginal bone [26]. The influence of implant
geometry and surface onmarginal bone remodeling has been
stated in a meta-analysis by Laurell et al., in which a pooled
mean bone loss varying from 0.24mm to 0.75mmwas found,
depending on the implant system [27].

Histologic evidence that implant design and surface
are determinants in marginal bone level preservation has
also been provided [28]. On the other side, Esposito et al.
found no statistically significant difference in marginal bone
preservation among different implant systems, even though
the authors complained about a lack of well-designed RCTs
for a proper meta-analysis [29].

In a retrospective multicenter radiographic evaluation of
596 dental implants, Cochran et al. found mean marginal
bone loss of 2.84 ± 1.63mm after 5 years. The authors also
noted that 86% of the total mean bone loss had already
occurred before prosthetic loading, so it should be ascribed
to the healing pattern around the implants rather than to
biomechanical factors [30].

In our study,mean peri-implant bone loss was of 0.57mm
after 5 years. More interestingly, peri-implant marginal bone
did not resorb but rather overgrew on the implant shoulder
to some extent after 4 months.

With this novel neck configuration, the formation of a
mucosal attachment to the implant does not seem to happen
at the expenses of the bony tissue; in fact, bony overgrowth
seems to be promoted.The inevitable but acceptable bone loss
over the years might still be related to biomechanical and/or
microbiological factors, but the thickening of the soft tissues
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around the concave neck and the distance of the IAJ from the
bone might have acted as protective factors that limited the
extent of such resorption.

Even though the importance of soft tissue thickness for
maintenance of peri-implant health has not been clearly
defined yet [31], a review by Suárez-López Del Amo et
al. demonstrated that marginal bone loss can be limited
by thicker peri-implant mucosa [32]. Furthermore, implant
dimensions, the arch treated and location (anterior or pos-
terior), the kind of prosthetic span and retention, timing of
placement and loading, and smoking habit did not influence
success rate or marginal bone loss, with the exception of
partial prostheses at 4-year follow-up and postextractive
implants at 4-year follow-up.

This observation is in accordance with previous data
in literature about the lack of influence on the implant
therapy outcome of different implant sizes [33], single and
partial rehabilitation [34], timing of restoration [35, 36],
postextractive or delayed placement [37, 38], and cemented or
screw-retained prosthesis [39]. While there is some evidence
that smoking habits have a negative impact on the therapy
outcomes [40, 41], we could find no difference between smok-
ers and nonsmokers in our study. One possible explanation
could be that a very limited number of patients enrolled in
our study were heavy smokers.

In any case, this lack of interference of factors of different
nature on the outcome of the therapy makes the implant
evaluated in our study a viable solution for a vast range of
different clinical situations.

5. Conclusions

Within the limits of this retrospective study, one-piece
implants with concave smooth neck seem to ensure satisfac-
tory success rates and long-termmarginal bone preservation,
irrespective of the implant dimensions, timing of placement
and loading, and kind of rehabilitation. Further investiga-
tions, possibly in the form of well-designed RCTs, are needed
to confirm the findings of this study.
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Objectives. To evaluate the performances of six different bone substitute materials used as graft in maxillary sinus augmentation
by means of histological and histomorphometric analysis of bone biopsies retrieved from human subjects after a 6-month healing
period. Materials and Methods. Six consecutive patients (3 males, 3 females, aged 50-72 years), healthy, nonsmokers, and with
good oral hygiene, presenting edentulous posterior maxilla with a residual bone crest measuring ≤ 4 mm in vertical height
and 3 to 5 mm in horizontal thickness at radiographic examination, were selected to receive sinus augmentation and delayed
implant placement. Under randomized conditions, sinus augmentation procedures were carried out using mineralized solvent-
dehydrated bone allograft (MCBA), freeze-driedmineralized bone allograft (FDBA), anorganic bovine bone (ABB), equine-derived
bone (EB), synthetic micro-macroporous biphasic calcium-phosphate block consisting of 70% beta-tricalcium phosphate and 30%
hydroxyapatite (HA-𝛽-TCP 30/70), or bioapatite-collagen (BC). After 6 months, bone core biopsies were retrieved and 13 implants
were placed. Bone samples were processed for histological and histomorphometric analysis. CT scans were taken before and
after surgery. After 4 months of healing, patients were restored with a provisional fixed acrylic resin prosthesis, as well as after
further 2-4 months with a definitive cemented zirconia or porcelain-fused-to-metal crowns. Results. There were no postoperative
complications or implant failures. The histological examination showed that all biomaterials were in close contact with newly
formed bone, surrounding the graft granules with a bridge-like network. No signs of acute inflammation were observed. The
histomorphometry revealed 20.1% newly formed bone for MCBA, 32.1% for FDBA, 16.1% for ABB, 22.8% for EB, 20.3% for HA-𝛽-
TCP 30/70, and 21.4% for BC. Conclusions. Within the limitations of the present investigation, all the six tested biomaterials showed
good biocompatibility and osteoconductive properties when used in sinus augmentation procedures, although the FDBA seemed
to have a better histomorphometric result in terms of newly formed bone and residual graft material. This trial is registered with
ClinicalTrials.gov Identifier (Registration Number): NCT03496688.

1. Introduction

The lack of adequate bone height and thickness negatively
affects implant-supported rehabilitation in the edentulous
posterior maxilla. Therefore, bone-grafting procedures are
needed to increase the available bone volume and to provide

structural and mechanical support for the placement of
dental implants.

Among graft materials, autologous bone is considered
the gold standard due to its osteogenic, osteoinductive,
and osteoconductive properties [1–3]. However, the use of
autogenous bone has significant drawbacks such as a limited
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Table 1: Patient characteristics at study baseline.

N Sex Age Implant location Type of implant
Length Diameter

1 M 72 1.4 10 3.75
1.6 11.5 5

2 F 62 2.6 10 5
2.7 10 5

3 F 54 1.4 13 5.5
1.6 13 5.5

4 F 50 2.4 10 4.3
2.6 13 5.5

5 M 57 1.3 13 4
1.5 10 4
1.7 11.5 5

6 M 63 2.4 13 4
2.6 10 5

intraoral supply, the need of general anesthesia in case of
extraoral harvesting, donor site morbidity, increased oper-
ating time, need of two surgical sites, tendency to partial
resorption and potential intraoperative, and postoperative
complications [2, 4–7].

To overcome these disadvantages, a large number of bio-
materials have been used alone or in combination with auto-
grafts in augmentation procedures [8–19]. Among the osteo-
conductive materials, allografts (fresh-frozen bone, freeze-
dried bone, demineralized freeze-dried bone), xenografts (of
bovine, equine, or porcine origin), and alloplastic materi-
als (different combination of calcium-phosphate, bioactive
glasses, polymers) were described in the dental literature
as being able to enhance bone formation. Furthermore,
several studies have shown that the biomaterials may not
adversely influence clinical outcomes and implant survival
when compared to autogenous bone [20, 21].

The two-stage sinus lift augmentation with delayed
implant insertion was considered a good clinical model to
evaluate the performance of graft materials, because bone
formation occurs within an enclosed space and with a
minimal interference from external factors. In addition, this
procedure is highly predictable and allows collecting bone
biopsy specimens during implant insertion avoiding any
additional discomfort for the patients [17, 20].

The aim of the present study was to evaluate the perfor-
mances of six different bone substitute materials used as graft
inmaxillary sinus augmentation, bymeans of histological and
histomorphometric analysis of bone biopsies retrieved from
human subjects after a healing period of 6 months.

2. Materials and Methods

2.1. Patient Selection. Six patients (3 males, 3 females, aged
50–72 years) who were healthy, nonsmokers, and with
good oral hygiene were recruited in this study among
those referred to Department of Oral and Maxillofacial Sci-
ences, Sapienza University of Rome, for implant-supported

rehabilitation in the posterior atrophic maxilla (Table 1).
Inclusion criteria were maxillary partial edentulism in the
premolar/molar areas, with a residual bone crest measuring
≤ 4 mm in vertical height and 3 to 5 mm in horizontal
thickness as measured on computerized tomography (CT)
scan. Exclusion criteria were being pregnant or lactating
females, patients with impaired systemic conditions, smoking
habit, andmaxillary sinus pathology. After clinical and radio-
graphic evaluation, the patients signed a written informed
consent form to study participation.

All the clinical procedures were performed in accordance
with the Declaration of Helsinki and the Good Clinical
Practice Guidelines. The protocol of the study was approved
by the Ethical Committee of the Sapienza University of Rome
(n. 3447).

2.2. Surgical and Restorative Procedures. The preoperative
antibiotic and analgesic therapy with Amoxicillin 875 mg
+ Clavulanic acid 125 mg (Augmentin, GlaxoSmithKline,
Belgium) and Ketoprofene 200 mg (Ibifen, 200 mg, IBI
Lorenzini, Aprilia, Italy) was given orally 1 hour prior to
surgery. Immediately prior to surgery, patients rinsed with
a chlorhexidine digluconate solution 0.2% (Corsodyl, Glaxo-
SmithKline, Belgium) for 2 min, to be continued for 2 weeks
postoperatively.

Surgery was performed under sterile conditions and
local anesthesia (mepivacaine 2%with epinephrine 1:100.000,
Carbocaine, AstraZeneca, Italy). A lateral window technique
was used for sinus floor elevation. A slightly palatal crestal
incision and two vertical releasing incisionsweremademesial
and distal on the buccal mucosa according to the sinus
anatomy to elevate a mucoperiosteal flap (Figure 1(a)). On
the lateral side of the sinus wall, the oval-shaped bony
window was performed, with the inferior border about 5
mm from the alveolar crest and the superior portion left
intact, to create a trapdoor effect (Figure 1(b)). The sinus
membrane was carefully raised and, together with the bony
window, was rotated inward and upward (Figure 1(c)). The
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 1: Intraoperative views of the sinus augmentation procedure: (a) mobilization of the mucoperiosteal flap; (b) oval-shaped bony
window; (c) sinus membrane elevation; (d) graft material in place; (e) resorbable membrane over the lateral window; (f) suture; (g) bone
core biopsy and implant placement; (h) trephine bur and harvested specimen; (i) suture.

subantral cavity was packed with the graft material (Fig-
ure 1(d)) and a resorbable membrane (Bio-Gide, Geistlich
Biomaterials Italy S.r.l.) was placed over the lateral wall
defect (Figure 1(e)). The mucoperiosteal flap was replaced
and stabilizedwith resorbable interrupted sutures (5-0Vicryl,
Johnson & Johnson Medical, Norderstedt, Germany), which
were removed after 2 weeks (Figure 1(f)). Postoperatively,
the antibiotic therapy was prescribed for 1 week (Amoxicillin
875 mg + Clavulanic acid 125 mg twice a day) and, if neces-
sary, the analgesic therapy was continued with Ketoprofene
200 mg.

After 6 months clinical and radiographic examinations
were performed and each patient was reappointed for biopsy
and implant placement in the same location. Under local
anesthesia, a full thickness flap was raised and a bone biopsy
was performed using a 3.5 mm trephine bur under sterile
saline solution irrigation, guided by the radiographic/surgical
template in the selected implant site. A total of six bone sam-
ples were retrieved from the occlusal aspect of the alveolar
crest, one from each augmented site and at least two implants
(NobelParallel CC or NobelSpeedy, Nobel Biocare Italiana
S.r.l., Italy), were placed according to the manufacturer’s
indications (Figures 1(g), 1(h), and 1(i)).

To identify crestal bone during histologic and histomor-
phometric procedures, the harvested specimens weremarked
with toluidine blue stain on the occlusal side.

After 4 months of healing, patients were provisionally
restored with a fixed acrylic resin prosthesis and after 2 to
4 months of function, the definitive prosthetic rehabilitation
was applied with cemented zirconia or porcelain-fused-to-
metal crowns.

Under randomized conditions, each sinus augmentation
procedure was carried out using one of the following six
commercial bone substitute materials: mineralized solvent-
dehydrated bone allograft (MCBA, Puros�; Zimmer Dental
GmbH, Freiburg, Germany); freeze-dried mineralized bone
allograft (FDBA, Organizzazione Toscana Trapianti, Azienda
Ospedaliero-Universitaria Careggi, Florence, Italy); anor-
ganic bovine bone (ABB, Bio-Oss�, Geistlich Biomaterials
Italia S.r.l.); equine-derived bone ( EB osteOXenon�- Bioteck
S.p.A., Arcugnano (VI), Italy); synthetic micro-macroporous
biphasic calcium-phosphate block consisting of 70% beta-
tricalcium phosphate and 30% hydroxyapatite (HA-𝛽-TCP
30/70, BioCer Entwicklungs GmbH, Bayreuth, Germany);
and bioapatite-collagen ( BC, Biostite�, GABA Vebas San
Giuliano Milanese, MI, Italy).
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MCBA is cancellous or cortical mineralized solvent-
dehydrated bone allograft obtained from cadaveric bone
by a processing technique (Tutoplast Process, RTI Biolog-
ics, Alachua, FL), which preserves the bone architecture
maintaining its biomechanical properties and minimizing
antigenicity and infective potential [8, 9, 22].

FDBA is freeze-dried mineralized bone allograft pro-
cessed using lyophilization; it maintains both the organic and
the inorganic component (salts of calcium and phosphate),
and when used as a graft material, the mineral content
is broken down by osteoclasts, becoming osteoinductive
proteins available to induce new bone formation. However,
to release osteoinductive proteins from the FDBA organic
matrix, a prolonged osteoclast mediated demineralization is
needed [23].

ABB is a xenogenic material formed by deproteinized
sterilized bovine cancellous bone with 75% porosity and a
crystal size of about 10 𝜇m in the form of granules. Its native
crystal-line structure is chemically and physically highly
similar to human bone and its porous nature promotes the
initial biologic processes of cell adhesion and proliferation
[19]. This material is well documented and has been shown
to be well integrated into host bone tissue in different clinical
and histological results [24–26].

EB is an equine-derived bone tissue deantigenated by
a proteolytic low temperature process that preserves type 1
bone collagen and makes it anorganic although it conserves
unaltered its mineral structure of hydroxyapatite saving the
resorption potential [10, 27–29].

HA-𝛽-TCP 30/70 is a new bioceramic with reticular
structure, which seems to have a better resorption and an
increased bone formation due to the levels of released calcium
and phosphorous ions able to stimulate new bone formation
[8, 16, 30–33]. Indeed, HA seems to act as scaffold and TCP
as the resorbable component.

BC is hydroxyapatite associated with type I bovine col-
lagen plus glucosamine. Different studies showed its efficacy
as human bone substitute material in the sinus augmentation
procedure [34, 35].The presence of collagen accelerates fibrin
formation of the clot while glucosamine improves the bone
mineralization progression.

2.3. Histological Procedure. The bone cores were retrieved
and were immediately stored in 10% buffered formalin and
processed to obtain thin ground sections.The specimenswere
processed using the Precise 1 Automated System (Assing,
Rome, Italy) [35]. 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 sec-
tioned, along their longitudinal axis, with a high precision
diamond disk at about 150 𝜇 m, and ground down to about
30 𝜇m with a specially designed grinding machine Precise 1
Automated System (Assing, Rome, Italy). Three slides were
obtained from each specimen. These slides were stained
with acid fuchsin and toluidine blue and examined with
transmitted light Leitz Laborlux microscope (Leitz, Wetzlar,
Germany).

Histomorphometry of the percentages of newly formed
bone, residual grafted material, and marrow spaces was
carried out using a light microscope (Laborlux S, Leitz,
Wetzlar, Germany) connected to a high-resolution video
camera (3CCD, JVCKY-F55B, JVC, Yokohama, Japan) and
interfaced with 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, Milan, Italy).

3. Results

3.1. Clinical Results. The healing process after sinus aug-
mentation procedures was uneventful. No postoperative
complications were present. In no case there was perforation
of the sinus membrane. No clinical sign of sinus pathology
was observed. Six months after sinus augmentation, the
radiographic evaluation of all patients showed the presence
of dense bone in themaxillary sinuses where the biomaterials
were inserted (Figure 2).

Primary stability of the implants was achieved in all cases
independently of the use of bone substitute material (inser-
tion torque value was at least 35 N ). All 13 implants placed
during the biopsy retrievement had no complications and
were osseointegrated at the end of prosthetic rehabilitation.
No failures and no dropouts occurred.

3.2. Histological andHistomorphometric Results. Mineralized
solvent-dehydrated bone (MCBA). At low magnification,
trabecular bone with large marrow spaces and biomaterial
particleswas observed (Figure 3(a)).Thebiomaterial particles
showed different sizes and they were partially surrounded by
newly formed bone. Newly formed bone was characterized
by large osteocyte lacunae and bridged up greatest part of the
biomaterial particles (Figure 3(b)). In some fields, osteoblasts
were observed in the process of apposing bone directly on the
particle surface. In themarrow spaces only few inflammatory
cells were detected. Histomorphometry showed that newly
formed bone represented 20.1%,marrow spaces 57.5% and the
residual graft material 22.4%.

Freeze-dried mineralized bone allograft (FDBA). At low
power magnification, newly formed bone with marrow
spaces and particles of residual biomaterial was present. In
a marginal portion of the sample, preexisting bone with
small remodeling areas could be observed (Figure 4(a)).
At high power magnification, in some fields, the bioma-
terial particles were completely osseointegrated and areas
of bone neoformation could be observed also inside the
particles. Some of the biomaterial particles showed irregu-
lar margins, typical of a resorption process (Figure 4(b)).
Bone neoformation areas could be seen both in contact
with the biomaterial particles and in the marrow spaces,
where few spindle cells could also be detected. Histo-
morphometry showed that newly formed bone represented
32.1%, marrow spaces 47.8%, and the residual graft material
20.1%.



BioMed Research International 5

(a) (b) (c)

Figure 2: Radiographic evaluation: (a) CT scan before surgery; (b) CT scan after 6 months of graft healing; (c) CT scan after implant
placement.

(a) (b)

Figure 3: Mineralized solvent-dehydrated bone (toluidine blue and acid fuchsin): (a) trabecular bone with large marrow spaces and
biomaterial particles was observed (original magnification 12X); (b) the biomaterial particles showed different sizes and they were partially
surrounded by newly formed bone that was characterized by large osteocyte lacunae (original magnification 40X).

(a) (b)

Figure 4: Freeze-driedmineralized bone allograft (toluidine blue and acid fuchsin): (a) newly formed bone withmarrow spaces and particles
of residual biomaterial was present. In a marginal portion of the sample, preexisting bone with small remodeling areas could be observed
(original magnification 12X); (b) the biomaterial particles, showing areas of bone neoformation in their inner part, could be observed. Some
of the biomaterial particles showed irregular margins, typical of a resorption process (original magnification 40X).
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(a) (b)

Figure 5: Anorganic bovine bone (toluidine blue and acid fuchsin): (a) the specimen appeared to be constituted by two separate fragments,
where several particles of residual biomaterial were evident (original magnification 12X); (b) the areas of bone neoformation in tight contact
with the biomaterial surface were present. In some fields, new bone formation inside the biomaterial particles could be observed (original
magnification 40X).

(a) (b)

Figure 6: Equine-derived bone (toluidine blue and acid fuchsin): (a) trabecular bone with large marrow spaces and biomaterial particles
was observed. The biomaterial particles were located in the apical portion of the biopsy and they were surrounded by new bone (original
magnification 12X); (b) the bone was in close contact with the granules and in some areas osteoblasts were observed in the process of apposing
bone directly on the particle surface (original magnification 40X).

Anorganic bovine bone (ABB). At low power mag-
nification, the specimen appeared to be formed by two
separate fragments, each presenting several residual bioma-
terial particles (Figure 5(a)). At high power magnification,
most of the biomaterial particles showed areas of bone
neoformation in tight contact with the biomaterial surface
(Figure 5(b)). The newly formed bone in contact with the
biomaterial particles showed wide osteocyte lacunae, typical
of a young bone. In some fields, new bone formation
inside the biomaterial particles could be observed. Histo-
morphometry showed that newly formed bone represented
16.1%, marrow spaces 46.7% and the residual biomaterial
37.2%.

Equine-derived bone (EB). At low magnification, trabec-
ular bone with large marrow spaces and biomaterial particles
was observed (Figure 6(a)). The particles were located in the
apical portion of the biopsy and they were surrounded by
new bone. In many fields the bone was in strict contact with
the granules and in some areas osteoblasts were observed
in the process of apposing bone directly on the particle

surface (Figure 6(b)). Many large vessels could be detected.
No inflammatory cells, or multinucleated giant cells, were
present around the biomaterial or at the interface with
bone. Histomorphometry showed that newly formed bone
represented 22.8%, marrow spaces 47.1%, and the residual
graft material 30.1%.

Synthetic micro-macroporous biphasic calcium-phos-
phate (HA-𝛽-TCP 30/70). In the examined sample, newly
formed trabecular bone and preexisting bone with marrow
spaces and residual biomaterial could be observed (Fig-
ure 7(a)). At low power magnification, the residual biomate-
rial was surrounded by newly formed bone and no gaps were
present at the bone biomaterial interface. In some portions
of the specimen the graft seemed to undergo resorption
(Figure 7(b)). No inflammatory cells or multinucleated giant
cells were present around the biomaterial or at the interface
with bone. Many small and large sized vessels could be
observed. Histomorphometry showed that newly formed
bone represented 20.3%, marrow spaces 41.8%, and the
residual graft material 37.9%.
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(a) (b)

Figure 7: Synthetic micro-macroporous biphasic calcium-phosphate (HA-𝛽-TCP 30/70) (toluidine blue and acid fuchsin): (a) trabecular
bone with marrow spaces and residual biomaterial, located in the apical portion of the sample, could be observed (original magnification
12X); (b) the residual biomaterial was surrounded by newly formed bone and no gaps were present at the bone biomaterial interface. In some
fields, the graft seemed to undergo resorption. Many large blood vessels could be seen (original magnification 40X).

(a) (b)

(c)

Figure 8: Bioapatite-collagen (toluidine blue and acid fuchsin): (a) trabecular bonewithmarrow spaces and residual biomaterial particles was
observed (original magnification 12X); (b) osteoblasts were observed in the process of apposing bone directly on the particle surface. Marrow
spaces were colonized by small and large blood vessels in close proximity to the new bone and to the particles (original magnification 40X);
(c) moderate inflammatory infiltrate and multinucleated giant cells, probably osteoclasts, were observed directly on the biomaterial particles
surface (original magnification 400X).

Bioapatite-collagen (BC). In the examined sample, tra-
becular bone with marrow spaces and residual biomaterial
was observed (Figure 8(a)). Specifically, half of the sample
was formed by residual biomaterial surrounded by newly
formed bone, while in an apical portion of the sample

many particles were partially covered by connective tissue.
The new bone produced a network, “bridging” between
the particles (Figure 8(b)). In a few fields, osteoblasts were
observed in the process of apposing bone directly on the
particle surface. Marrow spaces were colonized by small
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Table 2: Histomorphometric results of bone biopsies retrieved from sinuses augmented.

MCBA (%) FDBA (%) ABB (%) EB (%) HA-𝛽-TCP 30/70 (%) BC (%)
Newly formed bone 20.1 32.1 16.1 22.8 20.3 21.4
Marrow spaces 57.5 47.8 46.7 47.1 41.8 53.3
Residual graft material 22.4 20.1 37.2 30.1 37.9 25.3
MCBA: mineralized solvent-dehydrated bone
FDBA: freeze-dried mineralized bone allograft
ABB: anorganic bovine bone
EB: equine-derived bone
HA-𝛽-TCP 30/70: synthetic micro-macroporous biphasic calcium-phosphate
BC: Bioapatite-collagen.

and large blood vessels in close proximity to the new
bone and the biomaterial particles. Moderate inflammatory
infiltrate and multinucleated giant cells, probably osteoclasts,
were observed directly on the biomaterial particles surface
(Figure 8(c)). Histomorphometry showed that newly formed
bone represented 21.4 %, marrow spaces 53.3%, and the
residual graft material 25.3%.

The histomorphometric results of bone biopsies are sum-
marized in Table 2.

4. Discussion

Sinus augmentation is a well-documented technique for
creating adequate bone volume to successfully place den-
tal implants in resorbed maxillary posterior regions [36].
However clinical and histological outcomes regarding bone
substitute materials still remain open areas of investigation
because an ideal grafting material should provide biologic
stability, ensure volume maintenance, and induce a high
rate of formation of vital bone and bone remodeling [19].
Although numerous studies have compared grafting materi-
als after sinus augmentation [7, 9, 16, 19, 27, 37–39], no one
has compared histological and histomorphometric results
of MCBA, FDBA, ABB, EB, HA-TCP (30/70), BC, using a
standardized two-stage sinus augmentation model.

Within the limits of the present investigation, whose
results referred to a limited number of patients, the histologi-
cal and histomorphometric analysis of the regenerated tissues
might provide useful information regarding the nature and
amount of newly formed bone of the six tested biomaterials.

At histologic examination all biomaterials were in close
contact with newly formed bone and showed the same
pattern of bone formation surrounding the graft granules
and producing a bridge-like network between the grafted
particles.

From the present histologic investigation, the MCBA
sample showed the highest biocompatibility, because no signs
of acute inflammation were present, which was furthermore
affirmed by the ability to form andmaintain new bone bridg-
ing the greatest part of the biomaterial particles, as reported
by other previous studies [9, 22, 38]. The use of MCBA tends
to result in a slightly lower level of new bone formation
compared to autologous bone, even if this tendency was not
significant in a meta-analysis [3]. At the histomorphometric
examination the percentage of new bone (20.1%) was lower
than the percentage found by Schmitt et al. (35.41%) [8], while

the residual biomaterial (22.4%) was comparable to the value
reported for other graft materials [40]. Moreover, our results
agreedwith histologic examination ofNOUMBISSI et al. [41],
in which the graft turnover (resorption and replacement by
new bone) occurred more rapidly in MCBA.

Histomorphometry of FDBA sample showed that newly
formed bone represented 32.1%, the highest value among the
compared biomaterials. This data was similar to results of
Kolerman et al. [42], who reported 27.5%, but lower than
41.1% described by Cammack et al. [43] and confirmed the
capability to form a larger volume of bone in shorter times
during clinical trials, as reported by other investigations [10,
44]. Sbordone et al. found that FDBA had similar outcomes
compared to autogenous bone in sinus grafting procedure
even when the residual floor thickness was less than 3 mm
[45]. Furthermore, the evidence of resorption phenomena
in our histology confirms that this material could influence
long-term results in regenerated sites [23].

ABB was used as grafting material in a great number of
studies, taking advantage of its well- known osteoconductive
properties [44]. Some authors showed that microvascular
density at 6 months in sinus augmented with ABB was
not significantly different from microvascular density in
sites augmented with autogenous bone [46]. In the present
investigation ABB sample showed areas of new bone forma-
tion in close contact with the biomaterial surface and no
signs of inflammation, suggesting a neutral interaction of
the grafted particles with the new bone tissue. Moreover,
compared to the other biomaterials at the histomorphometric
examination, ABB showed the lowest percentage of newly
formed bone (16.1%) and a higher amount of remaining bio-
material (37.2%). This no homogenous bone structure could,
avoiding bone resorption, guarantee long-term stability of the
augmentedmaxillary sinus [8]. Indeed, Mordenfeld et al. [15]
showed long-term maintenance of these results after 9 years
and Traini et al. [47] after 11 years.

Compared to ABB, EB showed a greater amount of
newly formed bone (22.8%) and lower residual graft material
(30.1%), in accordance with the results of a randomized clini-
cal trial, which evaluated samples harvested 6 months after
sinus augmentation with both of these materials [29]. This
higher resorption could be influenced by a deantigenation
process to which EB is subjected.

The presence, observed in our sample, of new bone
surrounding the biomaterial particles, of many large vessels
and in some fields of osteoblasts apposing bone directly on
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the particle surface is comparable to other studies [27, 47].
The ability of EB to achieve a more rapid and intense vascu-
larization could promote long-term implant osseointegration
and predictability of rehabilitation in regenerated sites.

The HA-𝛽-TCP 30/70 blocks used in the present inves-
tigation had a reticular structure, manufactured by a rapid
prototyping (RP) technique offering a precise control of the
porosity and external shape of a Ha-TCP ratio ceramic bone
substitute [16] so as to influence bone formation.

Indeed, the use of HA-𝛽-TCP 30/70, whose degradation
can be tailored by varying its chemical composition together
with the incorporation of pores, seems to be a good strategy
to overcome the low degradation rate of CaP ceramics, which
represents a limitation of these materials [16].

On 3D reconstruction and quantitative analysis, the
HA/TCP scaffolds exhibited good performances in terms
of both bone regeneration and vascularization, indepen-
dently of the specific scaffold morphology (i.e., granules
or blocks) [47]. However, Giuliani et al. reported that the
scaffold morphology could influence the long-term kinetics
of bone regeneration by showing that block-based specimens
presented better results than granule-based samples [48].
The data of the present study is in agreement with other
investigations concerning bone formation in maxillary sinus
augmentation with HA-beta-TCP (30/70), after a healing
period of 6 months [34, 37].

The histological and histomorphometric aspects of BC
sample were similar to those of the other materials tested and
confirm the osteoconductive property of this biomaterial as
shown in previous studies [34, 35]. Moreover, the plastic and
spongy consistency of this biomaterial renders it very easy
to handle and to shape with scissors, allowing it to be used
in sinus augmentation procedures without any membrane,
in contrast to granular grafts, as suggested by some authors
[49, 50]. Lastly the presence of collagen and glucosamine
improves, respectively, fibrin formation and bonemineraliza-
tion process as confirmed by Maiorana et al. [51, 52].

5. Conclusion

Within the limitations of the present investigation, all the
six biomaterials tested in two-stage maxillary sinus augmen-
tation model showed good biocompatibility and osteocon-
ductive properties and could be used successfully in sinus
augmentation procedure. Although, the FDBA seemed to
have the best histomorphometric result in terms of newly
formed bone and residual graftmaterial. Nevertheless, longer
term histological studies will be needed to understand better
resorption times and modalities [53, 54].
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This study is designed to determine the effect of collagen membrane (CM) soaked with bone morphogenetic protein-2 (rhBMP-2)
for the treatment of peri-implant dehiscence defects.Material and Methods. Three treatment groups were allocated at each defect
in 5 dogs: (i) collagenated synthetic bone (OC) and CM soaked with rhBMP-2 (BMP group), (ii) OC and CM soaked with saline
(nonBMP group), and (iii) no further treatment (control group). Titanium pins were used to stabilize the membranes in two dogs.
Radiographic and histomorphometric analyses were performed 4 weeks later. Results. The median augmented volumes were 4.27
mm3, 6.24 mm3, and 2.75 mm3 in the BMP, nonBMP, and control groups, respectively; the corresponding median first bone-to-
implant contact (fBIC) distances were 3.25 mm, 3.08 mm, and 2.56 mm (𝑃 > 0.05). The placement of pins (with the BMP and
nonBMP groups pooled) significantly improved bone regeneration: the augmented volumes were 17.60 mm3 with pins and 3.68
mm3 without pins (𝑃 = 0.024), with corresponding fBIC distances of 2.25 mm and 3.31 mm, respectively (𝑃 < 0.001). Conclusions.
The addition of rhBMP-2 to CM failed to improve bone regeneration of peri-implant dehiscence defects compared to using an
unsoaked CM after 4 weeks. However, the stabilization of CMs using pins positively influenced the outcomes.

1. Introduction

Guided bone regeneration (GBR) using collagen membrane
(CM) is a well-documented treatmentmodality for augment-
ing localized peri-implant bone defects, with many clinical
and preclinical studies demonstrating that exposed implant
surfaces can be successfully augmented [1–5]. However, this
type of resorbable membrane appears to result in insufficient
space maintenance, which is reportedly due to the pressure
from the covering flap resulting in membrane collapse [3, 6].
Recent research has focused on techniques and materials to
overcome these drawbacks [7–9].

Recombinant human bone morphogenetic protein-2
(rhBMP-2) has well-documented osteogenic properties that

significantly improve bone regeneration [10–13]. Recent
reviews have also considered rhBMP-2 to be the most
promising bioactive molecules for bone regeneration [14–16].

Clinical considerationsmean that dental implants need to
be placed in prosthetically ideal positions, which often results
in buccal dehiscence defects. Several preclinical and clinical
studies have evaluated rhBMP-2 in combination with various
bone-substitute materials for localized bone regeneration for
this type of peri-implant defect [10, 11, 17, 18]. RhBMP-2
was combined with the bone-substitute material in all of
these studies; although this resulted in successful treatment
outcomes and superiority compared to control groups, the
outcomes were to some extent controversial and limited by
the clinical applicability of soaking bone-substitute materials
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with rhBMP-2. One option would be to use a CM as a carrier
for rhBMP-2, since this would potentially be advantageous in
being closer to the highly osteogenic periosteum containing
abundant mesenchymal cells. In addition, a rapid bone
formation on the outer side of the defect might result in
a more stable augmented area. Based on this assumption,
Chang and colleagues used a CM as a carrier for rhBMP-
2 for primary horizontal bone augmentation, demonstrating
a proof of concept [18]. However, this combination has not
previously been evaluated for the clinically more common
peri-implant defects.

Therefore, the aim of the present study was to determine
the effect of a CM soaked with rhBMP-2 for the treatment of
peri-implant dehiscence defects.

2. Material and Methods

2.1. Study Design. The present experiments were designed as
a controlled preclinical study involving five mongrel dogs.
The dogs were aged 12–15 months and a mean body weight
of 30 kg. They had no systemic disease and showed a healthy
periodontium and intact dentition.The study was performed
in accordance with the Animal Care and Use Committee,
Yonsei Medical Center, Seoul, Korea (permission no. 2011-
0188).

2.2. Experimental Materials. The following materials were
used in the study:

(1) Titanium implants with a sandblasted and acid-
etched surface (3.8 mm in diameter and 8 mm long)
(Implantium�, Dentium, Seoul, Korea).

(2) A collagenated synthetic bone (OC; OSTEON� Col-
lagen, Dentium) consisting of a particulate bone-
substitute material [70% hydroxyapatite (HA) and
30% 𝛽-tricalcium phosphate] and a type I collagen.

(3) A resorbable CM containing HA particles (HA colla-
gen membrane, GENOSS, Suwon, Korea).

(4) rhBMP-2 (Cowellmedi, Busan, Korea) at a concentra-
tion of 0.5 mg/ml, which was obtained by reconsti-
tuting and diluting rhBMP-2 in a buffer solution.The
HA-containing CMswere soaked in 0.2ml of rhBMP-
2 solution for 15 minutes at room temperature.

2.3. Surgical Procedures. Oral prophylaxis was applied to
all dogs prior to the surgical intervention. Details of the
surgical procedures are available elsewhere [19]. In brief,
general anesthesia as well as local infiltration anesthesia at
the surgical sites was applied. Crevicular incisions were then
made from the second premolar to the first molar, and two
vertical incisions were made on the buccal gingiva. Following
hemisectioning, the second, third, and fourth premolars and
the first molar were extracted on one side of the mandible.
The buccal bone plates were removed, resulting in an acute
defect with dimensions of 5 mm (apico-coronal width) by
5 mm (bucco-oral depth) and extending from the second
to the fourth premolar. Primary wound closure was then
performed. The sutures were removed 10 days later.

2.4. Implant Placement and Guided Bone Regeneration.
Twelve weeks later, dental implants were placed and simulta-
neous GBR was performed (Figure 1). Following flap reflec-
tion, the healed ridge was flattened and three implants were
placed with their platforms flush with the lingual bone crest.
This resulted in a peri-implant dehiscence defectwith a height
of 3 mm at the buccal aspect (Figure 2(a)). The cortical bone
plate was perforated in the vicinity of the implants, and GBR
was performed. The following three treatment modalities
were applied (Figure 2(c)):

(1) OC and a CM containing HA particles soaked with
rhBMP-2 (BMP group).

(2) OC and a CM containing HA particles soaked with
sterile saline (nonBMP group).

(3) No GBR (control group).

The control group was always located at the center
implant site to minimize the influence of the BMP molecule
on adjacent groups, while the BMP and nonBMPgroupswere
allocated to the mesial or distal implant sites randomly.

In group BMP, the OC was grafted on the peri-implant
defect and coveredwith aCMcontainingHAparticles soaked
with rhBMP-2. In group nonBMP, the OC was grafted on the
peri-implant defect and then covered with a CM containing
HA particles soaked with saline. No overaugmentation was
attempted in either of these groups. In two of the five
dogs, two titaniumpins (Frios�membrane tacks, DENTSPLY
Implants, Mannheim, Germany) were used to stabilize the
membranes in the BMP and nonBMP groups, while no
fixation pins were applied in the remaining three dogs. In
addition, the CM was perforated on top of the implant and
immobilized by a cover screw.No graftmaterial ormembrane
was used on the control group.

Periosteal releasing incisions were subsequently made
and primary wound closure was achieved using a resorbable
suture material (Monosyn� 4.0 Glyconate Monofilament, B.
Braun, Tuttlingen, Germany). The sutures were removed 10
days later.The dogs were sacrificed by an overdose of sodium
pentobarbital 4 weeks after implant placement and GBR
surgery.

2.5. Radiographic Analysis. The specimens were scanned
using micro-CT (SkyScan 1072, SkyScan, Aartselaar, Bel-
gium) and the total augmented volume (TAV, mm3) was
measured, which represented the regenerated tissue sur-
rounding the implant. Mineralized tissue was considered to
be indicated in the images by grayscale values from 39 to
52 (defined as radiopaque tissue). The lower border of the
TAV was located 3 mm below the implant platform, and the
coronal border was defined by the most-coronal location of
radiopaque tissue. The buccolingual extension of the TAV
ranged from the center of the implant to the most-buccal
radiopaque tissue (at an angle of 90∘ to the implant surface).
Themesiodistal borders of the TAVwere confined by vertical
lines 7 mm from the center of the implant surface (Figure 3).
The implant itself was excluded from the TAV.

Cross-sectional images of each group are presented in
Figure 4. The total augmented materials were painted using
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(a) (b) (c)

Figure 1: Schematic drawings of the surgery design: (a) BMP group, (b) nonBMP group, and (c) control group. Blue circles, bone-substitute
materials; dark-red line, CM soaked with rhBMP-2; green line, CM soaked with saline; BMP group, cylinder-type bone-substitute material
covered by CM soaked with rhBMP-2; nonBMP group, cylinder-type bone-substitute material covered by CM soaked with saline; control
group, no further treatment.

(a) (b) (c)

Figure 2: Clinical photographs of the bone augmentation procedure applied to peri-implant dehiscence defects: (a) buccal and (b) occlusal
views after implant placement and (c) GBR treatment performed on dehiscence defects according to group assignment. The control group
was placed at the center implant site, and the BMP and nonBMP groups were randomly allocated to the mesial and distal implant sites.

(a) (b)

Figure 3: Schematic configuration of the TAV (mm3). (a) The lower border of the TAV was located 3 mm below the implant platform. The
coronal border was defined by the most-coronal location of radiopaque tissue.The buccolingual extension of the TAV ranged from the center
of the implant to the most-buccal radiopaque tissue (at an angle of 90∘ to the implant surface). (b) The mesiodistal borders of the TAV were
confined by vertical lines 7 mm from the center of the implant surface. The implant itself was excluded from the TAV. P, implant platform.
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(a) (b) (c) (d) (e)

Figure 4: Cross-sectional radiographic images demonstrating variations both between and within the groups: (a) BMP group with pins, (b)
nonBMP group with pins, (c) BMP group without pins, (d) nonBMP group without pins, and (e) control group. In the BMP and nonBMP
groups, the shape of the augmented region appeared to be predominantly influenced by the use of pins.

(a) (b) (c) (d)

Figure 5: Three-dimensional reconstructed color-coded images of the total augmented area: (a) BMP group with pins, (b) nonBMP group
with pins, (c) BMP group without pins, and (d) nonBMP group without pins. No remaining peri-implant defects were observed in the
specimens with pins, in contrast with the sites without pins and control sites without GBR.

OnDemand 3D software (Cybermed, Seoul, Korea) to facili-
tate identification of the bone regeneration (Figure 5).

2.6. Histologic Analysis. Block specimens were harvested that
included the implants and grafted siteswith surrounding hard
and soft tissues, and they were fixed in 10% neutral buffered
formalin for 10 days. The specimens were then trimmed
and dehydrated in ethanol before being embedded in methyl
methacrylate. Specimens were cut in the center of the implant
sites in a buccolingual plane and stained with hematoxylin-
eosin and Masson’s trichrome. The final thickness of the
sections was 20 𝜇m.

2.7. Descriptive Histology. The histology sections were exam-
ined under a light microscope (BX-50, Olympus Opti-
cal, Tokyo, Japan) to identify relevant structures such as
the implants, new bone formation, bone-substitute mate-
rial, nonmineralized tissue, and the remaining peri-implant
defect.

2.8. Histomorphometric Analysis. Histomorphometric mea-
surements were made at the buccal aspect of all implants.

An image-analysis program (Adobe Photoshop CS6, Adobe
Systems, San Jose, CA, USA) was used to assess the following
landmarks: implant platform (P), the first bone-to-implant
contact (B), and the most-coronal buccal bone (BC) (Fig-
ure 6).

2.8.1. Linear Measurements. The following linear measure-
ments were made:

(1) Distance between the implant platform (P) and the
first bone-to-implant contact (B) (fBIC, mm).

(2) Vertical distance between the most-coronal buccal
bone (BC) and the implant platform (P) (P-BC, mm).

(3) The bone-to-implant contact (BIC, %), measured
along the implant surface between the implant plat-
form (P) and extending 4 mm apically.

2.8.2. Area/Surface Measurements. A rectangular area of
interest (AOI) was defined on the buccal side of the implants
and included the following dimensions: coronal (implant
platform), apical (4 mm apically toward the implant plat-
form), and horizontal (2 mm from the implant surface).
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Figure 6: Schematic configuration for the histomorphometric
analysis. P, implant platform; BC, most-coronal buccal bone; B, first
bone-to-implant contact; red box, AOI. Scale bar = 500 𝜇m.

The ratios of the following outcomes to the AOI area were
measured:

(1) Newly formed bone (NB, %).
(2) Residual bone-substitute material (RBS, %).
(3) Nonmineralized tissue (NMT, %).

2.9. Statistical Analysis. Mean and standard deviation values
were calculated in each group. One-way analysis of variance
and the Bonferroni post hoc test were used to assess the
clinical benefit of soaking theCMwith the rhBMP-2 solution.
The independent 𝑡-test was used to identify differences
among groups related to the use of pins. The cutoff for
statistical significance was 𝑃 < 0.05.

3. Results

3.1. Clinical Findings. All of the dogs remained healthy, with
no wound dehiscence or membrane exposure being detected
throughout the experiments. All of the obtained sampleswere
included in the analyses.

3.2. Radiographic Analysis. The cross-sectional images
demonstrated variations both between and within the groups
(Figure 4). In the BMP and nonBMP groups, the shape of the
augmented region appeared to be predominantly influenced
by the use of pins. No remaining peri-implant defects were
observed in the specimens with pins, in contrast with the
sites without pins and control sites without GBR (Figure 5).

The median TAV values were 4.27 mm3, 6.24 mm3,
and 2.75 mm3 in the BMP, nonBMP, and control groups,
respectively (all 𝑃 > 0.05) (Table 1). When the groups were
divided according to the presence or absence of fixation pins,
the median TAV was significantly higher in the group with
pins (17.60 mm3) than in that without pins (3.68 mm3) (𝑃 =
0.024) (Table 2).

Table 1: Measured the total augmented volume (TAV) values. 𝑃
value for intergroup comparison = 0.376. 𝑛 = number of sites/dogs.

Group TAV (mm3)
BMP group 4.27 (3.08–18.23)

with pins (𝑛 = 2) 20.87 (19.55–22.20)
without pins (𝑛 = 3) 3.08 (1.68–3.68)

nonBMP group 6.24 (5.71–7.52)
with pins (𝑛 = 2) 12.25 (9.88–14.62)
without pins (𝑛 = 3) 5.71 (3.15–5.98)

Control group 2.75 (1.98–4.80)
Data are median (interquartile range) values.

3.3. Histologic Observations and Histomorphometric Analysis.
In the twoGBRgroups (i.e., BMP andnonBMP), bone forma-
tion was generally observed along the implant surfaces (Fig-
ure 7). However, defect resolution was not consistent, with
some specimens in both groups exhibiting complete regener-
ation and otherswith remaining peri-implant bone defects. In
control sites, the size of the peri-implant defects appeared to
be similar to that prior to augmentation. Complete resolution
of the dehiscence defects was consistently observed in the
histology specimens of the BMP and nonBMP groups using
pins, with new bone having formed at the apical border of
the bone defect and around the bone-substitute particles. In
contrast, the positioning of the bone-substitute particles was
disrupted and bone regeneration did not occur uniformly in
the group without pins.

The median fBIC distances were 3.25 mm, 3.08 mm, and
2.56 mm in the BMP, nonBMP, and control groups, respec-
tively, with corresponding median BIC values of 11.90%,
18.24%, and 21.96%.

Within theAOI, themedianNBswere 12.84%, 8.06%, and
21.75% in the BMP, nonBMP, and control groups, respectively.
The median RBS was 1.31% in the BMP group and 12.43%
in the nonBMP group. There were no significant intergroup
differences (𝑃 > 0.05). All of the data are reported in Table 3.

All of themeasured histomorphometric and radiographic
values (except for RBS in histomorphometric analyses) dif-
fered significantly with the presence or absence of pins when
10 specimens were divided according to the use of pins
(Table 2). The median NB was 37.03% with pins and 4.87%
without pins in the BMP group and 47.18% with pins and
7.90% without pins in the nonBMP group. BIC was higher
in both the BMP and nonBMP groups with pins (40.38% and
33.19%, respectively) than without pins (10.49% and 10.69%,
respectively) (Table 3).

4. Discussion

This study has revealed that (i) the addition of rhBMP-
2 to a CM does not significantly improve peri-implant
bone regeneration and (ii) fixation of the CM using pins
significantly increases bone regeneration compared to using
a CM without pins.

This study was designed to evaluate the usefulness of a
CM as a carrier for rhBMP-2 for guided bone regeneration at
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(a) (b) (c) (d) (e)

Figure 7: Histologic views presenting the results of GBR: (a) BMP group with pins, (b) nonBMP group with pins, (c) BMP group without
pins, (d) nonBMP group without pins, and (e) control group. The results for defect resolution were not consistent, as demonstrated by some
specimens in both the BMP and nonBMP groups exhibiting complete regeneration and others with remaining peri-implant bone defects.
Complete resolution of the dehiscence defects was consistently observed in the histology specimens of the BMP and nonBMP groups using
pins, while the positioning of bone-substitute particles was disrupted and bone regeneration did not occur uniformly in the group without
pins. In the control sites, the size of the peri-implant defects appeared to be similar to the situation prior to augmentation. Asterisk, newly
formed bone; arrow, residual bone-substitute material. Scale bar = 1 mm.

Table 2: Radiographic and histomorphometric outcomes, with data for the BMP and nonBMP groups pooled according to the use of pins.

With pins (𝑛 = 4) Without pins (𝑛 = 6) 𝑃

Radiographic volume TAV, mm3 17.60 (7.52–23.52) 3.68 (0.27–5.71) 0.024

Linear measurements
BIC, % 40.38 (18.24–48.15) 10.59 (2.61–26.12) 0.027

fBIC, mm 2.25 (1.95–2.38) 3.31 (3.08–0.87) <0.001
P-BC, mm 0.59 (0.00–1.27) 2.91 (2.51–3.44) 0.001

Measurements in the AOI
NB, % 42.54 (28.69–54.66) 6.56 (3.40–12.84) 0.006
RBS, % 8.03 (0.00–19.01) 6.86 (0.00–23.66) 0.908
NMT, % 53.46 (32.92–56.66) 84.94 (68.29–95.29) 0.002

Data are median (interquartile range) values.
𝑛 = number of sites/dogs. TAV (mm3) = the total augmented volume; BIC (%) = the bone-to-implant contact; fBIC (mm) = distance between the implant
platform and the first bone-to-implant contact; P-BC (mm) = vertical distance between the most-coronal buccal bone and the implant platform; NB (%) =
newly formed bone; RBS (%) = residual bone-substitute material; NMT (%) = nonmineralized tissue.

Table 3: Histomorphometric measurements.

Linear measurements Measurements in the AOI
Group BIC, % fBIC, mm P-BC, mm NB, % RBS, % NMT, %

BMP group 11.90
(10.49–34.65)

3.25
(2.29–3.36)

2.64
(1.27–2.75)

12.84
(4.87–28.69)

1.31
(0.00–12.42)

82.71
(54.63–87.16)

with pins
(𝑛 = 2)

40.38
(37.52–43.25)

2.25
(2.23–2.27)

0.64
(0.32–0.95)

37.03
(32.86–41.20)

9.51
(4.75–14.26)

53.46
(52.88–54.05)

without pins
(𝑛 = 3)

10.49
(6.55–11.20)

3.36
(3.31–3.62)

2.75
(2.70–3.04)

4.87
(4.14–8.86)

1.31
(0.65–6.86)

87.16
(84.94–91.22)

nonBMP group 18.24
(10.69–26.12)

3.08
(2.38–3.17)

2.51
(0.65–3.06)

8.06
(7.90–39.71)

12.43
(3.63–19.56)

68.29
(56.66–75.23)

with pins
(𝑛 = 2)

33.19
(25.72–40.67)

2.17
(2.06–2.27)

0.59
(0.56–0.62)

47.18
(43.45–50.92)

8.03
(5.83–10.23)

44.79
(38.85–50.73)

without pins
(𝑛 = 3)

10.69
(10.33–18.41)

3.17
(3.13–3.31)

3.06
(2.79–3.25)

7.90
(6.56–7.98)

19.56
(9.78–21.61)

75.2
(71.76–83.66)

Control group 21.96
(8.16–5.04)

2.56
(2.55–3.74)

2.04
(1.60–3.56)

21.75
(3.19–22.91) 0.00 78.25

(77.09–96.81)
𝑃 0.873 0.664 0.679 0.550 0.313 0.152
Data are median (interquartile range) values.
𝑛 = number of sites/dogs.
None of the outcome measured differed significantly between the three groups (𝑃 > 0.05).
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peri-implant dehiscence defects. Previous experiments that
employed a similar protocol using animals and 30-mm peri-
implant defects demonstrated that this model can serve as a
valid alternative to clinical studies [20, 21].

Various preclinical models have demonstrated that
rhBMP-2 improves bone regeneration by accelerating osteo-
genesis predominantly at the early stage of wound healing
[22, 23]. In addition, the healing time is reportedly twofold
shorter in dogs than in humans [24], and so earlier obser-
vation periods were established in this present study when
evaluating the efficacy of rhBMP-2 compared to the previous
experiments. In the present study, the bone formation at 4
weeks was greater in the GBR groups (by up to 47%) than
at the untreated control sites (22%). This is in line with the
reporting greater bone formation for GBR groups compared
to the control sites, although those results were for longer
healing periods of 8 and 16 weeks [21]. However, the addition
of rhBMP-2 to a CM in the present study was not beneficial
to bone regeneration compared to a CM soaked in saline at
the early stage of healing of 4 weeks.

The other main difference between these two
studies—apart from the healing period—was in the type of
carrier material used. Various carrier materials have been
used for rhBMP-2 [25–27]. It was speculated that using a
CM as a carrier for rhBMP-2 could enhance the osteoin-
ductivity of the periosteum due to the close proximity of
the membrane and the periosteum. It was also speculated
that an rhBMP-2 carrier in such a location would result in
faster bone regeneration at the borders of the defect area,
thereby ideally leading to shell-like bone formation, which
could further compensate the disadvantages of a resorbable
nonspace-maintaining membrane. However, this outcome
was not observed in the present study, with no shell-like bone
formation observed in any of the samples. In a preliminary
study that used a GBR protocol and materials similar to
those in the present study [18], histomorphometric analyses
revealed that new bone formed closer to the membrane
in the group with an rhBMP-2-loaded membrane than in
the group with rhBMP-2 loaded on the bone-substitute
material. This was observed as the new bone formed directly
underneath the membrane in the group with rhBMP-2
loaded membrane. The differences in the observed bone
regeneration pattern between these two studies might have
been due to different healing periods (8 weeks versus 4
weeks), the placement of implants versus GBR alone, and the
use of fixation pins.

Stability of the surgical site and space maintenance are
considered to be essential for successful bone regeneration.
The stabilization of a GBR site appears to be the critical factor
governing the amount of bone formation. In a clinical study,
it was found that bone formation was superior when using
fixation pins [4]. This was subsequently supported by two in
vitro studies that evaluated the effect of wound closure on
the stability of GBR sites using variousmaterial combinations
[6, 28], which found that the bone-substitute material moved
apically upon wound closure. However, CMs were used at all
sites, and it is well known that this type of membrane is weak
mechanically and so may not be able to resist compressive

forces. This can result in collapse of the membrane and the
above-mentioned displacement of bone-substitute material.
However, the studies have demonstrated that applying addi-
tional fixation pins can reduce the membrane displacement
by 50% at the level of the implant shoulder. The clinical
recommendationwas to add fixation pins whenCMs are used
in combination with particulate graft materials [6]. Fixation
pins were used in two of the five dogs in the present study.The
failure to standardize the experimental method was due to
not being possible to fix the pins on thick, rigid cortical bone
without deformation. The results demonstrate the beneficial
bone formation at sites where pins are used. However, it could
be considered to use alternative fixation materials, such as
miniscrews which have better strength than pins in case of
performing GBR on a rigid bony plate.

Apart from the fixation pins, more-rigid barrier mem-
branes [29] or more-stable grafting materials provide fur-
ther advantages in stabilizing the augmented site [30]. This
was implemented in the present study by combining a
cylindrical type of synthetic bone-substitute material with
a type I collagen matrix and HA-coated CMs. This bone-
substitute material incorporating a collagen matrix was
considered to resist compressive forces and to support the
augmented ridge volume [31]. An in vitro study using a simi-
lar membrane coated with HA demonstrated a significantly
enhanced chemical stability and an improved mechanical
structure of the membrane [32]. Moreover, the cross-linked
chemical structure stiffened the CM and thereby reduced
the risk of collapse [33]. Such a membrane theoretically
exhibits all the characteristics necessary to support space
maintenance. However, in clinical experiments the increased
stiffness resulted in major difficulties in handling the mem-
brane and applying it properly to the defect site, which
meant that displacement of the graft material could not be
avoided.

The outcomes of this study are limited by several factors,
including the relatively small number of experimental ani-
mals, the use of pins in only two of the five dogs, the han-
dling difficulties with the membrane resulting in suboptimal
clinical outcomes, and the short observation period. Further
studies involving larger numbers of animals and appropriate
statistical analyses are required to confirm the results of this
study.

5. Conclusion

The use of rhBMP-2 soaked on a CM as a carrier material did
not result in superior bone formation compared to control
sites without rhBMP-2. However, the use of fixation pins to
stabilize the CMs did exert a positive effect on peri-implant
bone regeneration.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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Background. Considerations about heat generation, wear, and corrosion due to some macrostructural bur components (e.g.,
cutting lips, rake angle, flute, and helix angle) have been widely reported. However, little is known about how the microstructural
components of the implant drill surface can influence the implant drill lifetime and clinical performance. Aim. To investigate
accurately the surface morphology of surgical bone drill, by means of multivariate and multidimensional statistical analysis, in
order to assess roughness parameters able to predict the evolution of tribological phenomena linked to heat development, wear,
and corrosion occurring in clinical use. Materials and Methods. The surfaces of implant drills approximately 2.0mm in diameter
made by five manufacturers were examined by means of confocal microscope with white light laser interferometry, obtaining
several surface roughness parameters. Statistical multivariate analysis based on discriminant analysis showed, for each cut-off, the
parameterswhich discriminate themanufacturers.Results.Themicrostructural parameters used by discriminant analysis evidenced
several differences in terms of drill surface roughness between the fivemanufacturers.Conclusions.Theobserved surface roughness
difference of drills is able to predict a different durability and clinical performance especially in heat generation and wear onset.

1. Introduction

Minimally traumatic preparation of the implant socket is crit-
ical for predictability and enhanced osseointegration [1]. The
preservation of the original bony microstructure, especially
of the cancellous bone and its high osteogenic potency, will
benefit the bone healing process [2]. Although osteotomy
site preparation has been studied for decades, there remains
a remarkable lack of consensus on what constitutes an
optimal method to cut bone. Major problems faced during

bone drilling were thermal necrosis, bur deformation, and
the generation of microcracks on the inner surface of the
drilled holes that can detrimentally affect osteosynthesis and
healing [3, 4]. In clinical practice, to perform osteotomies
for dental implant placement, rotary cutting instruments
(burs) are used and efforts have been made to develop
implant drills with improved mechanical proprieties [5–10].
Many aspects can significantly affect their cutting efficiency
and durability: design, diameter, composition and surface
treatment, mechanical properties, drill rotational speed, axial
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drilling forces, cooling, and the sterilization process [1, 5, 10–
15]. Some authors evidenced also the drill corrosion as a
potential key factor in determining lifespan of the implant
burs [1, 12, 16, 17].

Many of these drilling parameters also play a primary
role in controlling the temperature generated during the
osteotomy [1, 5, 11–14, 18, 19]. Their bone damage is related
to the magnitude of the temperature elevation and the time
during which the tissue is subjected to damaging temper-
ature, identified as 47∘C for 1 min [1, 9, 10, 13]. The heat
generated during the implant site preparation is related to the
surface cutting power [2, 15] and hence to the manufacturer’s
precision [2, 3]. Magnification of the cutting tip of the
drills showed many differences in the manufacturing of
the drills. The two-fluted drill was correlated to less heat
generation whereas the three-fluted drill showed somewhat
favorable cutting efficiency [2]. Heat generation, as evidenced
by Matthews and Hirsch [20], can be also influenced by
the manufacturer’s precision (sharpness of the cutting tool)
[15] and the surface deformation and roughness showed by
the worn burs that cause a more significant and continuous
temperature rise than new burs [5, 12, 14, 21]. No clear
suggestion is made on the number of times that the drill
can be used repeatedly until it becomes blunt and ineffective,
producing a significant increase in temperature [11, 13]. Since
the sharpness of the drill bit is one of the most important fac-
tors when considering the temperature increase, to minimize
this surgical trauma well-sharpened drills are recommended
[13, 22–24]. In a previous study SEM analysis evidencedman-
ufacturing defects in new drills which increased in number
and deteriorated with use [9, 14]. These defects influence
the cutting efficiency, favoring heat and bone microcrack
generation, and reduce the time when the reused drills can
be considered sharp enough. Considerations about heat gen-
eration andwear with somemacrostructural bur components
(e.g., cutting lips, rake angle, flute, and helix angle) have been
extensively reported. Alsomicrostructural components of the
bur surface can influence heat generation and wear.

The aim of this study was to investigate accurately the sur-
face morphology of surgical bone drills through the confocal
microscopy and by using multivariate and multidimensional
statistical analysis, in order to assess roughness parameters
able to predict the evolution of tribological phenomena
linked to heat development, wear, and corrosion phenomena
occurring in clinical use.

2. Material and Methods

Implant drills approximately 2.0mm in diameter were
selected because they usually represent one of the first bone
drills to be used for implant site preparation, drilling both
cortical and cancellous bone.

The following implant bone drills made by five manufac-
turers were analyzed:

(1) Straumann (Straumann AG, Waldenburg, Switzer-
land) 2.2mm in diameter (for short, A)

(2) Nobel Biocare (Nobel BiocareAB,Goteborg, Sweden)
2.0mm in diameter (for short, B)

(3) Xive Implant System (Friadent GmbH, Mannheim,
Germany) 2.0mm in diameter (for short, C)

(4) Global D (French) 2.5mm in diameter (for short, D)
(5) Sweden &Martina (Padova, Italy) 2.5mm in diameter

(for short, E)
The rugosimetric survey was carried out through a Leica
DCM 3D confocal microscope with white light laser interfer-
ometry, which makes it possible to study the surface finish
of the drills in high resolution. More specifically, confocal
microscopy allows the reconstruction through several optical
sections, without any physical contact with parts, of complex
3D surfaces that cannot be analyzed otherwise [25]. Using,
for example, contact profilometers, filtering was then carried
out, based on the choice of cut-off, in order to separate the
roughness profile from the waviness profile (or geometric
shape). On the basis of preliminary performedmeasurements
and extraction of primary profiles, according to the inter-
national standard ISO 4287 [26], since the acquired profile
seemed to be quite periodic, Psm (i.e., spacing parameters
obtained by the primary profile) was chosen as the parameter
to determine the appropriate value of the cut-off length.
Moreover, since, in our case, the above-mentioned parameter,
Psm, is very close to the boundary value of 0.04mm, which
separates two different cut-off values applicable, i.e., 0.08mm
and 0.25mm, both cut-off values were taken into account
in determining the roughness and waviness profiles and
relative parameters. The filtering operation was carried out
with a robust Gaussian filter. For each manufacturer, three
bone drills were employed. For each filtering operation,
three profiles parallel to the acquisition direction and three
perpendicular to the acquisition direction were extracted. In
this way, the parameters prescribed by ISO 4287-1997 [26]
were obtained, accordingly described below.

The distortions due to the ends of the profile and the finite
length of the profile were minimized by removing a portion
of profile at the beginning (run-up) and at the end of profile
(run-down) and by applying a minimum number of cut-offs
in the measured profile (evaluation length), namely, three.

Surface texture can be described in quantitative terms
by means of a certain number of parameters. All of these
parameters represent different aspects of the surface, such
as roughness, waviness, and shape. In order to predict
the behavior of a component during its normal use, it is
necessary to quantify the surface characteristics. This is
possible through the parameters mentioned below. They can
be classified into amplitude, spacing, and hybrid parameters,
in particular, (i) amplitude parameters: Rp, Rv, Rz, Rc, Rt,
Ra, Rq, Rsk, Rku [26]; (ii) material ratio parameters: Rmr (𝑐=
1𝜇m below the highest peak), Rdc (p = 5%, q = 95%) [26];
(iii) spacing parameters: primary profile, PSm [27]; (iv) hybrid
parameters: Rsk, Rku.

The best known and commonly used parameter is Ra,
defined as the arithmetical mean of the absolute values of
the profile deviations from the mean line of the roughness
profile [26]. This is an amplitude parameter that is useful
for preliminary analysis of the surface finish. Ra is used as
a global evaluation of the roughness amplitude on a profile.
It does not say anything on the spatial frequency of the
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irregularities or the shape of the profile. Ra is meaningful for
random surface roughness (stochastic) machined with tools
that do not leave marks on the surface, such as sand blasting,
milling, and polishing. Since the aim of the paper was to
assess surface parameters that are related to phenomena such
as heat generation, wear, and corrosion, our attention also
turned to hybrid parameters: Rsk and Rku. Rsk parameter
was chosen because it represents the profile asymmetry with
respect to the mean line. When it is positive, the profile
is more pronounced toward the peaks. By contrast, when
it is negative the profile is more pronounced toward the
valleys. That said, the greater the distance from zero, the
more asymmetric the profile.The second parameter, Rku, was
chosen because it is an index of the shape of the peaks and
more specifically their “tailness”; i.e., the higher the value, the
more pronounced the peaks.

These parameters, according to the consideration made
also by Karl Niklas Hansson and Stig Hansson in their
work [28], represent in our case the best indicators for the
phenomena involved. In a first step, multifactorial statis-
tical analysis was performed starting from a hypothesis-
free perspective. This implies that no “outcome” variables
based on clinical experience were selected because the aim
was to identify potential associations that might have been
overlooked before.

Therefore, all variables were tried in the analysis. The
approach was performed by using discriminant analysis
(DA). The aim is to statistically distinguish between the
five groups of makers. To distinguish between the groups,
a collection of discriminating variables that measure the
characteristics on which the groups are expected to differ
were selected (i.e., all the above-mentioned parameters).
The mathematical objective of DA is to weight and linearly
combine the discriminating variables in some fashion so that
the groups are forced to be as statistically distinct as possible.
The statistical theory of DA assumes that the discriminating
variables have a multivariate normal distribution and that
they have equal variance-covariance matrices within each
group. In practice, the technique is very robust and these
assumptions need not be strongly adhered to. DA attempts
to do this by forming one or more combinations of discrimi-
nating variables (i.e., discriminant functions) such as

𝐷𝑖 = 𝑑𝑖1𝑍𝑖2 + 𝑑𝑖2𝑍2 + ⋅ ⋅ ⋅ + 𝑑𝑖𝑝𝑍𝑝, 𝑖 = 1, . . . , 𝑛 (1)

where 𝑛 is the number of discriminant functions, 𝐷𝑖 is the
score on discriminant function 𝑖, the 𝑑’s are the weighting
coefficients, and 𝑍’s are the standard values of the 𝑝 dis-
criminating variables used in the analysis. That said, the
functions, based on the weight of 𝑑’s coefficients, are formed
in such a way as to maximize the separation between the
groups and tominimize the distance within each group. Once
the discriminant functions have been derived, the research
objectives of DA, i.e., analysis and classification, are pursued
[29].

In a second step the mean difference of variables selected
by DA between each pair of manufacturers was examined;
for more details see [30]. The multiple comparisons of mean
difference between continuous variables were examined by

using Dunnett’s test. The level at which results were defined
as being statistically significant was set at a P≤0.05. The
calculations were performed using IBMSPSS Statistics, v.20.0
software (IBM Corp., Armonk, NY, USA).

3. Results and Discussion

3.1.The image of each bone drill and 3D details of the surfaces
extracted from the five manufacturers' implant bone drills
after leveling and filling points is shown in Figure 1.

The 3D surface reported below each bone drill represents
the area taken from the surface that possesses minor isolated
peaks, naturally present due to the complexity of the surface
acquisitions by means of the confocal microscope.Therefore,
to avoid as much irregularity as possible, a portion of the
500x500𝜇m2 of the acquired areas was considered. These
Areas of Interest (AoI) have been chosen to perform as
better as possible the comparative analysis among the bone
drills considering, for a given drill, the surface portion that
embraces part of its cylindrical external surface, near the
cutting edges.

Naturally, comparative analysis has been performed tak-
ing into account every cutting edge for each drilling tool,
which are at least two, to enrich the experimental data for
the statistical analysis and to obtain more accurate results
(Figure 2).

Preliminary, it should be noted that no significant differ-
enceswere found for the various cut-offs along the transversal
direction.

3.2. Robust Gaussian filter 0.08mm was used for the extrac-
tion of the roughness profiles parallel to the bone drill axis.
The variables extracted through DA analysis ordered were as
follows, according to the relative decreasing weight: Rq, Rz,
Rmr, Rku, Psm, Rsk. Figure 3 shows the cluster distribution of
five manufacturers according to the canonical discriminant
functions. In general, the closeness of the group centroids,
marked with ◼, to territorial lines suggests that the separation
between all groups is not very strong. The centroids summa-
rize the group locations in the “reduced” space defined by the
discriminant functions.

The average values for each manufacturer and model
parameter, for the cut-off = 0.08mm, are reported in Table 1.
The last column reports the significant difference between
manufacturers for each parameter.

In particular, Rq is defined as the root mean square devi-
ation of the assessed profile. It corresponds to the standard
deviation of the height distribution, defined on the sampling
length. Rq provides the same information as Ra (arithmetic
mean deviation of the assessed profile), but in amore accurate
way since it is less sensitive to variations due to isolated
peaks that affect the measure. The higher the dispersion, the
greater the nonuniformity of the surface. Contextually, D
represents the worst case, having the highest data dispersion.
Rz parameter is themaximumheight of the profile defined on
the sampling length, evaluated as the mean distance from the
10 highest peaks and the 10 deepest valleys. Although being
less accurate than Rq, this parameter also represents a valid
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(a) (b) (c) (d) (e)

Figure 1: Top from left to right image of implant bone drill: (a), (b), (c), (d), (e); bottom corresponding reconstruction 3D of AoI.

Table 1: Crosstab manufacturer versus mean model parameters, significant difference, cut-off 0.08mm.

Manufacturer
versus model
parameter

A B C D E Significant difference

Rq 0.10 1.01 0.77 8.61 2.17 A-B, A-C, A-D, B-D, C-D, E-D
Rz 0.38 2.85 1.965 21.405 3.80 A-B, A-C, A-D, A-E, B-D, C-D, E-D
Rmr 99.00 33.27 4.17 1.37 1.53 A-B, A-C, A-D, A-E
Rku 2.73 3.00 1.97 3.43 1.73 A-E, B-E, C-D, D-E
Psm 28.00 76.67 190.00 53.67 101.50 A-B, A-C, A-E, B-C, C-D, C-E
Rsk -0.05 -0.46 0.58 0.46 -0.18 A-C, A-D, B-C, B-D, C-E

outcome variable, since it does not consider regular profiles
with isolated peaks. Also, it is frequently used to check
whether the profile has protruding peaks that might affect
static or sliding contact function. In fact, this result has been
confirmed from the values reported on the table, agreeing
with the considerations made for Rq. Rmr, defined as the ratio
of the material length Ml(𝑐) of a profile curve element to the
evaluation length at the sectioning level c (whether as % or
𝜇m), enforces indications about the tailness of the profile,
expressed as a ratio among vacancies and material confined
in a defined virtual surface. In this case, more than a simple
roughness indicator, this parameter offers an indication of
the drill’s integrity, and hence it is reasonable to take it into
account in light of the evaluations explained herein. The
previously defined Rsk and Rku hybrid parameters represent
the best indicators for the subject of this work: according to
the definitions given above, it is preferable to have profiles
with negative values of Rsk, since they are characterized by a

valley-shaped morphology, which is an advantage regarding
heat generation andwear phenomena due to lower shear con-
tacts with bones. In this context, bone drills corresponding to
cases A, B, and E are the more preferable.

Different considerations have to be made for parameter
Rku. It is well known that for values of this parameter less
than 3, profile peaks are more likely to be round-shaped.
Vice versa, when values are greater than 3, peaks are more
likely to be pronounced. Standing on the results, cases C and
E are the best since round-shaped edges of the bone drill’s
surfaces are preferable since they guarantee a longer tool life
and a better quality of hole circularity, given that peaks can
be more easily damaged during the cutting action. Naturally,
this aspect is also related to the above-mentioned heat and
wear phenomena.

3.3. Robust Gaussian filter 0.25mm was used for the extrac-
tion of roughness profiles parallel to the bone drill axis.
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Table 2: Crosstab manufacturer versus mean model parameters, significant difference, cut-off 0.25mm.

Manufacturer
versus
model parameter

A B C D E Significant difference

Rv 0.32 1.35 4.56 11.20 3.52 A-B, A-C, A-D, A-E, B-C, B-D, B-E, C-D, D-E
Ra 0.15 1.77 1.98 4.80 2.32 A-B, A-C, A-D, A-E, C-D, C-E, E-D

Figure 2: Close-up of AoI showing the location where the measure-
ments were performed.

Figure 3: Cluster distribution of five manufacturers.

The variables extracted through DA analysis are ordered
according to the relative decreasing weight as follows: Rv and
Ra.

Figure 4 shows the cluster distribution of five manufac-
turers according to the canonical discriminant functions.

The average values for each manufacturer and model
parameter and for the cut-off = 0.25mm are reported in

Figure 4: Cluster distribution of five manufacturers.

Table 2. In the last column is reported the significant
difference between manufacturers for each parameter.

As depicted in the table, Ra is highlighted as a key
parameter. According to the discussion about the previous
case, it is still a valid parameter, especially being the most
widely used. This result also validates the goodness of the
simulation methodology adopted. On the other hand, the Rv
parameter deserves special consideration. More specifically,
according to its definition as the maximum valley depth
along a considered profile, it could not be considered as a
global indicator of surface quality because it refers to isolated
singularities, i.e., valleys. However, this result remains inter-
esting since other tribological phenomena are related to this
parameter, i.e., corrosion. In fact, the presence of a consistent
number of deep valleys on a surface is more vulnerable to
the effects of sterilization procedures [1, 12, 16], triggering
localized corrosion phenomena like pitting. Based on these
considerations, D represents again the worst case.

4. Conclusions

The study observed that the surface micromorphology, influ-
encing the contact area between the drill and bone, can be
considered as a factor that contributes to heat, wear, and
corrosion phenomena due to material friction and corrosion
resistance through several surface texture indicators. Not
only the design, but also the micromorphology of the cutting
surface directly contacting bone plays a key role in the
cutting power and wear trend.The result of this research also
showed considerable differences in the parameters examined
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in the implant drills present on the market, depending on the
particular surface aspect to be analyzed in terms of its clinical
impact.
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Purpose. The majority of the techniques used to assess the primary implant stability are subjective and empirical and can be used
during or after the surgery.The aim of this study is to evaluate the bone density prior to surgery, in order to give recommendations to
the clinician about the best surgical technique and the type of implant which is needed.Materials andMethods. A surgeon operated
on 75 patients for 269 implants over the period 2010–2014. He required a CT to plan the surgery and he documented the type, the
diameters, and the lengths of the implants, the insertion torque, and the ISQ values. At a later stage another clinician measured
bone density and cortical thickness. We endeavoured to get the most accurate superimposition between the implants placed by the
surgeon and those placed by the clinician. Results. In maxilla ISQ showed a significant positive correlation with HU values detected
for coronal-buccal (𝑟 = 0.302; 𝑝 = 0.020) and middle-lingual (𝑟 = 0.295; 𝑝 = 0.023). Torque showed a positive correlation with
cortical bone thickness at the middle of the ridge (𝜌 = 0.196; 𝑝 = 0.032). Conclusion. It is important to take into consideration the
Hounsfield Units and the cortical thickness as predictive parameters during the preoperative assessment, with regard to the choice
of the implant type as well as the surgical technique.

1. Introduction

Osseointegration underlies contemporary implantology and
it occurs in a primary and secondary level [1]. The primary
implant stability can be defined as the “biometric stability
immediately after implant insertion” [2], a mechanical phe-
nomenon that is related to the local bone quality and quantity,
to the implant geometry (i.e., length, diameter, and type),
and to the placement technique used (i.e., relation between
drill size and implant size, whether a pretapped or self-tapped
implant is used). The primary implant stability has always
represented one of the essential prerequisites for performing

and maintaining osseointegration [3], for it prevents micro-
movement and the formation of fibrous scar tissue at the time
of implant loading. Unfortunately, the majority of techniques
for testing implant stability are widely empirical and sub-
jective; moreover they evaluate the bone quality during or
after (RFA and Periotest) the implant surgery [4]. All these
methods are useful in evaluating the osseointegration, but no
objective information on bone quality has been given prior to
the preparation of the osteotomy [5, 6]. Moreover, according
toDegidi et al. [7]: “the primary implant stability prediction is
not good enough to preventmistakes when using for example
an immediate loading technique”. Amethod, which is proven
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Figure 1: A radiological template with gutta-percha marks.

to be objective and valid to assess the bone density prior to
surgery, is to utilize theHUvaluemeasured onCT images [8–
10]. The aim of this prospective study is to evaluate the bone
density prior to surgery, in order to give recommendations to
the clinician about the best surgical technique and the type
of implant which is needed. Thanks to this information, the
clinician could be able to obtain the best primary implant
stability, essential to obtain a long-term success, even in those
cases where the bone is not particularly dense; this includes
pertinent information regarding the diameter, the length, and
the type of implant. In this study, the correlation between
the Hounsfield Units (5 values around the implant) from the
Computerized Tomography, the width of the cortical bone
(3 values around the implant neck), and the final insertion
torque and the resonance frequency (ISQ) were all evaluated.

2. Materials and Methods

2.1. Enrollment of Patients. An experienced implantologist
had consecutively enrolled 75 patients for 269 implants over
the period 2010–2014. He required a conventional multislice
computed tomography (CT) to assess bone quantity and to
ensure that there was sufficient bone to perform surgery
without the need of a bone augmentation procedure, prior
to implant placement. The reason we used CT was that
at the time we were unable to use cone beam computed
tomography. All patients gave written informed consent and
the guidelines of the Declaration of Helsinki were observed.

2.2. Baseline Measurement. Alginate impressions were taken
and diagnostic casts were fabricated (Vel-MixDie Stone, Kerr
Corporation, Washington, DC). A transparent template by
using a clear acrylic resin (ProBase Cold; IvoclarVivadent
AG, Schaan, Liechtenstein), based on the wax up, was
constructed and gutta-percha marks were inserted along
the axis of the teeth to be replaced (Figure 1). A CT was
obtained with the template placed in situ (Figures 2 and
3). All CTs were performed using identical settings which
were applied for all patients: 120 kV, 90mAs, 0.5mm slice
thickness, and 0.3mm slice increment. Data was stored in
Dicom format. These Dicom files were loaded in a plan-
ning software (NobelClinician, Nobel Biocare AB, Goteborg,
Sweden), which included 3D reconstruction and drawing of
the reference curve. This procedure allowed for localization
of the osteotomy sites related to the gutta-percha marks

Figure 2: A panoramic view fromCTwith the radiological template
in situ.

Figure 3: Some slices of the CT.

and, therefore, the corresponding cross-sectional CT slices.
The surgeon planned the implant(s) (Nobel Replace Select
Tapered, Nobel Active, Nobel Replace Select Straight, Nobel
Replace Groovy, Nobel Speedy, Branemark Groovy), includ-
ing the length and diameter, and selected an implant model,
from the NobelClinician implant library, and was/were
finally placed at the corresponding site(s). The surgeon,
at that time, did not take any other measurements (Fig-
ure 4).

2.3. Surgical Procedures. The template was modified with
holes in the implant positions to perform a precise surgery.
Preoperative antibiotics were given orally 1 day prior to
surgery and were continued for another 5 days, every 12
hours, prescribing amoxicillin, 1 g. The surgery was per-
formed using a full thickness mucoperiosteal flaps which
were raised under local anaesthesia. A 2mm diameter twist
drill was used, under profuse isotonic saline irrigation, to
prepare the initial full depth channel at the implant site.
The sequence of tapered drill of the length and the diameter
chosen was then used to shape the osteotomy site, always
using profuse irrigation. Finally, implants were inserted
without the use of the irrigation.

2.4. Data Collection. Thesurgeon proceededwith the surgery
using themodified template, documenting the diameters and
the lengths of the implants, and the insertion torque (20,
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Figure 4:The implant planned by the surgeon in theNobelClinician
software selected from the implant.

Figure 5: Superimposition between the gutta-percha mark and the
implant placed by the clinician.

35, 45, and more than 45Ncm) until the implant reached
its final position. Finally, the Resonance Frequency Analysis
(RFA) was recorded using the wireless device (Ostell ISQ
Instrument, Integration diagnostics AB, Sävedalen, Sweden),
measuring the ISQ values in four different directions consist-
ing of the mesial, distal, lingual, and buccal which calculated
the mean ISQMean, for 109 implants.

2.5. Measurements of Bone Density and Cortical Thickness.
The measurements of bone density and cortical thickness
were obtained by another clinician to avoid any bias, using the
SIMPLANT� software. This clinician was not aware of other
parameters except for the diameter, the lengths, the type of
implants used, and their position. The measurements were
carried out at a later stage than the surgery. The clinician
simulated the implants’ position by using, as reference points,
the same gutta-percha marks—the same which the surgeon
had used in order to plan the surgery and find the best
implant site for each patient; that way, we endeavoured to
get the most accurate superimposition between the implants
placed by the surgeon and those placed by the clinician,
so as to study bone density and cortical thickness (Fig-
ure 5). The assessment was made at 5 points on every
slice: coronal-buccal (HU1), middle-buccal (HU2), middle at
the apex (HU3), middle-lingual (HU4), and coronal-lingual
(HU5) (Figures 6(a) and 6(b)). The Hounsfield Units (HU)
values were recorded separately, and they were calculated
as the arithmetical means of an area measuring 60mm2

for each of the five spots around the implant which we
examined (Figure 7). Additionally, the cortical thickness
was calculated at sites of the implant–bone contact: lingual
(C1) and buccal (C2), including the middle of the ridge
(C3). The measurements of cortical thickness were carried
out as material measures around the implant neck (Figures
8(a) and 8(b)). The clinician selected the implants from the
SIMPLANT� implant library, using the type of implants and
the same diameter and length that the surgeon chooses for
the surgery.

2.6. Statistical Analysis. A sample size calculation was con-
ducted. The primary outcome on which the calculation
was based was the difference in mean torque among the
different implant types. Given 𝛼 = 0.05, 𝛽 = 0.80, a
medium effect size (𝑓 = 0.25), 6 groups, and an additional
15% samples compared to the corresponding parametric
test, the minimum sample required was determined to be
249. All data analyses were carried out according to a pre-
established analysis plan. The implant was the statistical
unit of the analyses. A dentist with expertise in statistics
analyzed the data without knowing the group allocation.
Data were summarized using frequencies (for nominal-level
variables), means, and standard deviations (for continuous
data). Independent t-tests and Mann–Whitney tests were
used to examine the differences, respectively, in ISQ and
torque between genders and implant location (anterior or
posterior). One-way ANOVAs and Kruskal Wallis tests
explored the differences in ISQ and torque among subjects
with different smoking habits. Relationships between ISQ
and continuous variables (age, bone density according to
the Hounsfield scale, cortical bone thickness, implant length,
and implant diameter) were assessed by using the Pearson
Product-moment correlation. A Spearman’s Rank Order
correlation was run to determine the relationship between
torque and continuous variables. Differences in ISQ among
different implant types were investigated through a One-
way ANOVA. To control for the continuous variables which
had shown a significant correlation with ISQ an ANCOVA
was used; a two-way ANOVA was conducted to examine
the effect on ISQ of nominal variables which had shown
significant differences in ISQ together with implant type. A
Kruskal Wallis test was used to investigate the differences in
torque among different implant types. Pairwise comparisons
were performed by using the Mann–Whitney 𝑈 test with
Bonferroni correction (maxilla: adjusted 𝛼 level = 0.003;
mandible: adjusted 𝛼 level = 0.005). Ordinal regressions
were used to analyze the effect of the interaction between
type of implant and the variables which had shown a
significant correlation with torque. All statistical analyses
were conducted using the Statistical Package for Social
Sciences Software (IBM Corp. Released 2012. IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp). 𝑝 < 0.05 was set as the level for statistical signifi-
cance.

The data that support the findings of this study are
available on request from the corresponding author.The data
are not publicly available due to privacy reasons.
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Table 1: Patient and intervention characteristics.

Number of patients 75
Mean age ± SD (range) 60.31 ± 12.57 (23–80) years
Females 40 (53.3%)
Smokers 12 (16.0%)

smoking ≤ 10 cigarettes 4 (5.3%)
smoking > 10 cigarettes 8 (10.7%)

# Implants 269
# Patients receiving 1 implant 10 (13.3%)
# Patients receiving 2 implant 22 (29.3%)
# Patients receiving 3 implant 10 (13.3%)
# Patients receiving 4 implant 13 (17.3%)
# Patients receiving 5 implant 5 (6.7%)
# Patients receiving 6 implant 7 (9.3%)
# Patients receiving 7 implant 4 (5.3%)
# Patients receiving 8 implant 1 (1.3%)
# Patients receiving 10 implant 3 (4.0%)
Implant length (mean ± SD) 13.08 ± 1.71mm
Implant diameter (mean ± SD) 4.36 ± 0.64mm
Implant type

Nobel Replace Select Tapered 145 (53.9%)
Nobel Active 40 (14.9%)
Nobel Replace Select Straight 23 (8.6%)
Nobel Replace Groovy 12 (4.5%)
Nobel Speedy 43 (16.0%)
Brånemark Groovy 6 (2.2%)

Dental arch of implant insertion
Maxilla 149 (55.4%)
Mandible 120 (44.6%)

Implant placement zone
Anterior (canine - canine) 64 (23.8%)
Posterior (premolars and molars) 205 (76.2%)

SD: standard deviation.

3. Results

Seventy-five patients were enrolled in the study. The main
baseline patient characteristics are presented in Table 1. No
significant differences were found in ISQ according to patient
characteristics (sex, age, and smoking habits) nor in maxilla
nor in mandible (𝑝 > 0.05). Torque in mandible showed
a significant negative correlation with age (𝜌 = −0.236;
𝑝 = 0.009). Concerning the bone characteristics (implant
location, bone density according to the Hounsfield scale, and
cortical bone thickness), in maxilla ISQ showed a significant
positive correlation with HU values detected for coronal-
buccal (𝑟 = 0.302; 𝑝 = 0.020) and middle-lingual (𝑟 = 0.295;
𝑝 = 0.023). In mandible a significant difference was found
between anterior and posterior implant location both in ISQ
(anterior: 66.04; posterior: 72.22; mean difference: −6.182;
95% CI of the difference: −10.033 to −2.331; 𝑝 = 0.002) and in
torque (anterior: 1.81±1.05; posterior: 2.47±0.98;𝑝 = 0.006).
Moreover torque showed a positive correlation with cortical
bone thickness at the middle of the ridge (𝜌 = 0.196; 𝑝 =
0.032). With respect to implant characteristics, a statistically

significant correlation was found between ISQ and implant
length in maxilla (𝑟 = 0.316; 𝑝 = 0.015) and between torque
and implant length both in maxilla (𝜌 = 0.216; 𝑝 = 0.008)
and in mandible (𝜌 = −0.318; 𝑝 < 0.001). A significant
correlation between torque and implant diameter was found
both in maxilla (𝜌 = 0.172; 𝑝 = 0.036) and in mandible
(𝜌 = 0.370; 𝑝 < 0.001) whereas no significant correlations
existed between ISQ and implant diameter (𝑝 > 0.05). No
significant differences were found in ISQ among the different
implant types (Table 2), even after controlling for the variables
that had shown a significant correlation with ISQ (𝑝 >
0.05; Tables 3 and 4). No statistically significant interactions
between the effects on torque of implant type and each
variable that had shown a significant correlation with torque
were found (𝑝 > 0.05). In maxilla Nobel Active implants
showed a significantly higher torque than Nobel Replace
Select Straight implants, Nobel ReplaceGroovy implants, and
Nobel Speedy implants; in mandible Nobel Replace Select
Tapered implants had a significantly higher torque than
Replace Select Straight implants (Table 5).

4. Discussion

Several published methods are suggested for the assessment
of bone quality, but many of these have shown a deficiency in
the objectivity [6, 11, 12], because they are dependent upon the
practitioner and/or can only be used during or after surgery
[4]. Percussion andmanual testing assess the implant stability
by judging the presence of anymobility by a gentle application
of a soft rotational force to the implant and abutment complex
by the use of an appropriate screwdriver. They are widely
practised clinical techniques, but there is little evidence in
the literature supporting these concepts [12]. Radiographic
examination is themost commonly used technique in clinical
practice [13]. The implant is monitored at 6 and 12 months
and every year thereafter in order to identify any marginal
bone loss and perifixtural radiolucencies. Unfortunately,
radiographs have a poor diagnostic ability for detection of
perifixtural radiolucency due to their limited discriminatory
acuity [14] and they show a two-dimensional image, while
the implant/bone interface is a three-dimensional area;more-
over, it is difficult to use a standard technique to ensure
good reproducibility [15]. The insertion torque records the
torque required to place the implant, it provides important
information about the local bone quality and maybe about
primary stability; indeed several authors have reported that
the insertion torque measurements can be used to determine
primary stability [16–20]. Removal torque is a technique that
involves measuring the peak torque necessary to shear the
interface between the implant surface and the surrounding
bone, with amanual torque gauge; this test has been criticized
as being destructive method and it is mostly used only in
experiments [21]. Another method can be used after the
implant placement is the Periotest� (Siemens AG, Bensheim,
Germany) [22], which consists of percussing implant surface
with a handheld probe containing an electromagnetically
driven metal pellet; the mobility is assessed by the measure-
ment of the contact time between the metal hammer and
the surface under test. The sensitivity of Periotest to clinical
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(a) (b)

Figure 6: (a) The five points where to measure the Hounsfield Units and (b) in relation to implant.

Figure 7: HU values detected as the arithmetical means of an area measuring 60mm2.

(a) (b)

Figure 8: The three lines designed to measure the Cortical Thickness and (b) in relation to implant.

variables such as striking position and hand piece angulation
limited the application of the instrument as a definitive
clinical diagnostic tool, to be used; the values of this method
are also influenced by the implant and abutment lengths
[5]. With the advent of Resonance Frequency Analysis, there

is an objective method for stability testing [23]: it analyses
the resonance frequency of a transducer attached to an
implant fixture or abutment [24]. The most recent version of
Resonance Frequency Analysis is wireless, where a metal rod
is connected to the implant by means of a screw connection
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Table 2: ISQ comparison among implant types.

ISQ (𝑁; mean ± SD) 𝑝 value∗

Maxilla
Nobel Replace Select Tapered 12; 66.17 ± 7.16

0.201
Nobel Active 19; 63.42 ± 9.53
Nobel Replace Select Straight 4; 65.50 ± 11.96
Nobel Replace Groovy 3; 76.00 ± 5.29
Nobel Speedy 21; 64.81 ± 7.13

Mandible
Nobel Replace Select Tapered 30; 72.20 ± 5.94

0.134Nobel Active 2; 66.00 ± 4.24
Nobel Replace Select Straight 9; 67.22 ± 4.76
Nobel Speedy 9; 70.44 ± 7.99
𝑁: number; SD: standard deviation; ∗one-way ANOVA.

Table 3: Maxilla: ISQ comparison among implant types controlling
for continuous variables which showed a significant correlation with
ISQ (ANCOVA).

𝑝 value 𝑝 value
(Implant type) (covariate)

HU1 (coronal-buccal) 0.283 0.040
HU4 (middle-lingual) 0.558 0.157
Implant length 0.059 0.003

(Osstell ISQ instrument).This is a consistent and noninvasive
technique to establish clinically relevant information about
the state of the implant–bone interface at any stage of the
treatment or at follow-up examinations [25]. In this study
we evaluated the correlations between diameter and implants
lengths, HU values, and cortical thickness with ISQ and the
insertion torque (both objective parameters to assess the
primary implant stability [26, 27]) in order to evaluate the
bone density prior to surgery and give recommendations
to the surgeon about the best surgical technique and about
the type of implant; this was suggested by Salimov et al.
[28], who explored the efficacy of bone density values by
evaluating its correlation with the implant stability param-
eters, including insertion torque value and the Resonance
Frequency Analysis, finding a correlation, however with the
limit of a clinical study on just 17 patients. We carried out
the present study using preexisting CTs because, at the time
of treating these patients (2010–2014), we were unable to use
CBCT. Moreover, being not able at the time to acquire any
CTs in our private practice, patients were simply referred,
so different CT machines were used. Anyway, there is a
significant correlation between primary implant stability and
gray density values detected not only by cone beam (CBCT),
but also by conventional multislice computed tomography
(CT). In any case, CBCT is nowadays preferable because of
lower radiation dose and costs, as stated by Arisan et al. [29];
as a consequence we have planned to publish our results
with CBCT, once we reach a suitable number of patients
with adequate follow-ups. In our study we found that the
cortical bone thickness in the middle of the ridge showed a

positive correlation with torque, and it could be considered
in an agreement with the conclusions of other studies [30,
31] on the importance of cortical thickness as a predictive
factor of primary implant stability. Additionally, it could be
interesting to highlight that crestal cortical bone thickness
depends on the region of the jawbone. The thickness shows
the highest values in posterior mandible and the lower in
posterior maxilla: that leads us to pay close attention to
implant placement in the posterior maxilla region in order
to obtain a good primary implant stability [32]. The present
study also found a significant positive correlation between
ISQ and the HU values detected for coronal-buccal and
middle-lingual in maxilla, according to Turkyilmaz et al. [9],
which found statistically significant correlations between ISQ
and bone density, expressed in HU values. Moreover, we
found that the posterior implant location inmandible showed
higher values of both ISQ and torque than the anterior
implant location in the same jaw.This difference is statistically
significant, but it is in contrast with literature; this could be
explained by the fact that the majority of the implants have
been placed in premolars andmolars area. ISQ values showed
a significant correlation with implants length in maxilla, but
no correlations with implants diameter have been found in
this study. Those results are partially in contrast with Fuster-
Torres et al. [8]: they did not find significative correlation
between the implant length and ISQ.The difference in results
could be probably explained in view of the limited sample
size of that study. No significant differences were also found
in ISQ among the different implant types and among the
patient characteristics (sex, age, and smoking habits) nor
in maxilla nor in mandible. Moreover, in the present study
torque showed a significant correlation between implant
length and implant diameter both inmaxilla and inmandible.
Nobel Active implants showed a significantly higher torque
than Nobel Replace Select Straight implants in maxilla,
Nobel Replace Groovy implants, and Nobel Speedy implants.
In mandible Nobel Replace Select Tapered implants had a
significantly higher torque thanNobel Replace Select Straight
implants. Finally, torque in mandible showed a significant
negative correlation with age, unlike other studies [9, 33]
which recorded higher torque values in older patients. This



BioMed Research International 7

Table 4: Mandible: ISQ comparison among implant types and implant location.

Nobel Replace Select
Tapered Nobel Active Nobel Replace Select

Straight Nobel Speedy 2-way ANOVA

Anterior 64.75 ± 0.96 - 66.25 ± 4.86 67.13 ± 9.90 0.383
(type: 0.396; loc:

0.012)
Posterior 73.35 ± 5.53 66.00 ± 4.24 68.00 ± 5.10 73.10 ± 5.86

Total 72.20 ± 5.94 66.00 ± 4.24 67.22 ± 4.76 70.44 ± 7.99

Data are presented as Mean ± Standard deviation; 2-way ANOVA: Two-Way ANOVA with implant type and implant location as independent variables; Two-
Way ANOVA results are reported as significance of implant type-implant location interaction (Main effects 𝑝 value).

Table 5: Torque comparison among implant types.

Torque
𝑝 value∗

(𝑁; mean ± SD)
Maxilla

Nobel Replace Select Tapered 53; 1.68 ± 1.31

<0.001#§∧
Nobel Active 38; 2.42 ± 1.03
Nobel Replace Select Straight 14; 1.21 ± 0.80
Nobel Replace Groovy 10; 1.00 ± 1.05
Nobel Speedy 28; 1.54 ± 0.92
Brånemark Groovy 6; 1.00

Mandible
Nobel Replace Select Tapered 92; 2.52 ± 0.99

<0.001ç
Nobel Active 2; 3.00
Nobel Replace Select Straight 9; 1.44 ± 0.53
Nobel Replace Groovy 2; 3.00
Nobel Speedy 15; 1.93 ± 1.03
𝑁: number; SD: standard deviation; ∗Kruskal Wallis test. Significant post hoc comparisons: #Nobel Active versus Nobel Replace Select Straight; §Nobel Active
versus Nobel Replace Groovy; ∧Nobel Active versus Nobel Speedy; çNobel Replace Select Tapered versus Nobel Replace Select Straight.

fact could be a result of the small difference in age between
the patients who have been considered in this study (mean
age was 60.31 ± 12.57 years).

5. Conclusion

The results of this study suggest that the bone density values
(as measured in HU), which were obtained from the CT,
could be utilized as predictive parameters during the preop-
erative assessment when correlated to the primary implant
stability (ISQ), especially for the HU values detected for
coronal-buccal and middle-lingual. Diameter and implants
lengths do not seem to have had correlation to the primary
implant stability (ISQ), except for implants lengths inmaxilla.
Moreover, the results suggest that the cortical thickness,
especially in the middle of the ridge, which was measured
from the CT, could be utilized as predictive parameter
during the preoperative assessment when correlated to the
primary implant stability (insertion torque). Subsequently, it
is important to take into consideration the Hounsfield Units
and the cortical thickness, with regard to the choice of the
implant type as well as the surgical technique.
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[16] P. Maló, B. Friberg, G. Polizzi, F. Gualini, T. Vighagen, and B.
Rangert, “Immediate and early function of Brånemark System�
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Objectives. Leucocyte- and platelet-rich fibrin (L-PRF) membrane can be used in various regenerative treatments. In the case of
classical heterologous membrane exposure, microorganisms can be colonized on it and jeopardize the success of treatment. The
aim of this study was to compare the antibacterial, mechanical, and histologic characteristics of the L-PRF membrane before and
after the addition of silver nanoparticles (SNP). Materials and Method. This study was performed on 10 volunteer men aged 25-
35 years. 20 ml whole bloods were collected from each person and L-PRFs were made by routine and SNP modified method.
Mechanical, antibacterial, and histological properties were evaluated. Results. The antibacterial efficacy of L-PRF and nanosilver-
modified L-PRFwas presented asKlebsiella pneumonia had growth on the L-PRFmembrane after 12 hours. After 24 hours,Klebsiella
pneumonia and Streptococcus viridans had growth on L-PRF and only Klebsiella pneumonia had growth on SNP-L-PRF.The tensile
strength and stiffness were significantly higher in the SNP-L-PRF. Precipitation of the SNPs was patchy in the outer layers and quite
homogeneous in the inner core.Conclusion. Modification of L-PRF with SNP improves the mechanical properties and antibacterial
activity of the L-PRF. It can play an important role in regenerative procedures.

1. Introduction

Guided tissue regeneration (GTR) and guided bone regener-
ation (GBR) are surgical techniques that aim to reconstruct
the damaged periodontal tissues which are lost due to
periodontal lesions and to regain the alveolar bone, lost
due to tooth extraction or periodontal disease [1]. These
methods employ various membranes to cover the bone and
periodontal ligament and temporarily separate them from the
epithelium and gingival connective tissue [2].

Regenerative potential of platelets was first introduced
in the 1970s, just when they were found to contain growth
factors responsible for increasing the collagen production,
cell mitosis, blood vessels growth, and induction of cell
differentiation [3]. The platelets were increasingly used in

tissue regeneration over time. The platelet-rich fibrin can
be used in various regenerative treatments to accelerate the
healing and improve the regeneration procedure [4]. It can
also be used as a scaffold in tissue engineering [5].

Nowadays, there are several techniques to obtain the
high concentration of platelets, each of which results in
a specific product that is unique in terms of biology and
performance. These methods are generally classified into
four groups based on their fibrin and leucocyte content:
pure platelet-rich plasma (P-PRP), leucocyte- and platelet-
rich plasma (L-PRP), pure platelet-rich fibrin (P-PRF), and
leucocyte- and platelet-rich fibrin (L-PRF) [6].

The chemical and physical properties of the membrane
can influence the ultimate outcome of GBR and GTR [7].
The tensile strength of the tissue or the material which is
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sutured affects the success of suturing and the clinical results
of wound healing [8]. Meanwhile, the membrane stiffness
and presence of stiff material influence the distribution of
mechanical forces over the surrounding tissues [9]. Gener-
ally, the better the mechanical properties of the membrane
provide the better support for regenerative treatments.

Among the mentioned methods for the preparation
of high platelet concentrations, the L-PRF results in the
formation of a strong fibrin matrix which can remodel slowly
in the tissue, and if pressed, it turns to a strong membrane
with better mechanical properties like tensile strength [6, 10].
In this technique, the patient’s venous blood is centrifuged
within an anticoagulant-free tube at low speed. Consequently,
the L-PRF is formed in the middle between red blood cells in
the bottom and plasma layer in the above [11].

Themost frequent postoperative complication of different
regenerative techniques is the membrane exposure to the
oral cavity, in which case, oral cavity microorganisms can
colonize on the membrane and jeopardize the success of
treatment [12]. It results in higher risk of infection and poor
bone healing even in healthy individuals. Reinforcing the
membranes’ antimicrobial properties with inorganic materi-
als can improve the treatment results. Inorganic antimicrobial
materials have been more appreciated recently due to their
safety and stability.

One of the substances widely used today in various
medical fields is silver nanoparticle (SNP). It has been shown
that these particles have high biocompatibility and also have
favorable properties, including antimicrobial properties [13].
Studies reported the effect of these materials on a wide
spectrumof gram-negative and gram-positive bacteria aswell
as antibiotic-resistant species. Additionally, their antifungal
and antiviral effects were proven [12]. The purpose of this
study was to compare the antibacterial, mechanical, and
histologic characteristics of the L-PRFmembrane before and
after the addition of SNPs.

2. Materials and Method

This study was performed on 10 volunteers selected on the
basis of their availability. The inclusion criteria were male
sex and age range of 25-35 years. The exclusion criteria were
the history of the known systemic diseases, history of antico-
agulant drugs assumption, smoking, use of any medication
within the last three months, and lack of satisfaction.

2.1. Preparing SNP Suspension. To obtain a uniform suspen-
sion, 0.1 gr nanosilver powder with particles sized <100 nm
(Sigma Aldrich; USA), along with 1 cc normal saline, was
poured into the tube and sonicated at 200 W for 2 minutes
in a sonicator device [14].

2.2. Blood Samples Collection. In this experimental study,
after obtaining informed consent approved by the Ethics
Committee of Shiraz University of Medical Sciences (code#
14866), 19ml venous bloodwas taken from the subjects.Then,
10 ml of the obtained blood sample was poured into a dry
sterile tube and the remaining 9ml in addition to 1 ml of SNP

suspension was poured into another tube and gently shook
with hand to achieve a uniform 1% concentration.

2.3. Making L-PRF and SNP Modified L-PRF. The previously
mentioned tubes were centrifuged at 2700 rpm for 12minutes
to produce original L-PRF (Intra-Spin, Intra-Lock); the only
CE and FDA cleared system for the preparation of L-PRF [15].
The fibrin clot containing platelets was formed in the middle
of the tubes, with the red blood cells lying at the bottom and
the plasma on the top. The fibrin clots were removed from
the tubes and separated from the underlying layers. The clots
were placed on the metal grid in XPression Box (Intra-Lock).
The metal lid was placed over the samples for 10 minutes to
form them under pressure. They were used to evaluate the
antimicrobial properties.

Prior to evaluation of the mechanical properties, the
samples needed to be equalized in terms of shape and
size. Thus, a plexiglass mold was prepared as inspired by
Alston’s method [16]. The mold was dog-bone-shaped of 2-
mm thickness all over and 2-mm width in the middle. This
partwas theweakest area for stress accumulation and rupture.

2.4. Evaluation of Antimicrobial Characteristics. 1 ml unstim-
ulated saliva was collected in sterile tube from three volun-
teers and mixed for 3ml saliva pool. They were requested to
avoid eating and drinking within the two preceding hours.
To evaluate the microflora of saliva pool, it was cultured
on blood agar (Liofilchem; Italy) and Thioglycolate broth
(Merck; Germany). Each fibrin membrane was divided into
smaller pieces and incubated with 1 ml of saliva pool at 37∘C
for 24 hours.

After incubation, each piece was rinsed three times with
sterile normal saline, placed on the shaker for 30 seconds, and
centrifuged for 1 minute to remove the surrounding saliva,
so as to solely evaluate the microbial biofilm formed on the
sample. Then, 500 𝜇l of the RPMI 1640 medium (Sigma; St.
Louis, Missouri) was poured over the samples and incubated
at 37∘C for 12 and 24 hours. After incubation periods, 200
𝜇l of media was poured in 96 well plates and evaluated by
Elisa Reader device (Thermolabsystem, Multiskan Ascent,
Finland) at 578 nm. Positive and negative controls in this
study were the saliva cultured in RPMI and RPMI medium,
respectively [17].The isolatedmicroorganismswere identified
by using API 20 E (BioMerieux), Optochin test, and biliary
solution.

2.5. Evaluation of the Mechanical Properties. The tensile
test was done by using the Universal testing machine
(Zwick/Roell; 2020, Germany). The sample was fixed in the
device.The tensile forcewas applied at 2mm/min speed, while
the stress-strain curvewas being simultaneously drawnby the
Test Expert II software.The forcewas applied until the sample
was torn from the thin middle part. The test finished as the
sample ruptured. Then, the curve was used to measure the
samples’ tensile strength, toughness, and stiffness.

2.6. Evaluation of Histological Properties. The remaining
pieces of the membranes were fixed in 10% formalin for 24
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Figure 1: Microscopic sections show silver nanoparticles all over the membrane ((a), 100X); in outer layers they were more densely seated in
the fibrinmeshwork ((b), 200X) comparedwith the inner layers. Precipitation of theAgNPswas patchy in outer layers and quite homogeneous
in inner layers ((c), 400X). Leukocytes were also denser in outer layers than inner layers (H&E staining).

hours to be subjected to H&E staining and evaluated with the
light microscope.

2.7. Statistical Data Analysis. The obtained data was entered
intoMicrosoft Excel software to find the area under the curve
(toughness) and the slope (stiffness). The tensile strength of
the samples was calculated by dividing the maximum force
leading to membrane rupture by their cross-section area (4
mm2). Paired t-testwas used to compare these values between
the two types of membranes and P < 0.05 was considered to
be statistically significant.

3. Results

3.1. Antimicrobial Properties. The Streptococcus viridans and
Klebsiella pneumoniae species were isolated from the primary
saliva pool culture. After 12 hrs incubation of membrane in
RPMI 1640, the turbidity (absorbance) of medium (negative
control) at 578 nmwavelength was equal to the SNPmodified
L-PRF membrane, whereas in the L-PRF membrane the
turbidity was higher which indicated the growth of some
microorganisms. Identification of the isolated species indi-
cated the growth of K. pneumoniae on the L-PRF membrane
after 12 hours. After 24 hours, the SNP modified L-PRF
revealed the presence of K. pneumonia, while the L-PRF
showed both K. pneumoniae and S. viridans.

3.2. Mechanical Properties

3.2.1. Tensile Strength. The mean tensile strength was
0.154±0.05MPa in L-PRFmembrane samples and 0.435±0.19
MPa in L-PRF samples modified by SNPs, being statistically
significantly higher in the latter (P = 0.01).

3.2.2. Stiffness. The mean stiffness value was 0.009 ± 0.004
MPa in L-PRF and 0.05 ± 0.02 MPa in L-PRF membranes
modified by SNPs, being significantly higher in the latter (P
= 0.01).

3.2.3. Toughness. The mean toughness was measured to be
63.8 ± 22.4 J/mm3 in L-PRF and 74.29 ± 35.1 J/mm3 in
SNP modified L-PRF. Although the toughness was higher in

nanosilver group, the difference was not statistically signifi-
cant (P = 0.4)

3.3. Histological Properties. Evaluating the microscopic sec-
tions, the silver nanoparticles were observed all over the
membrane, but in the outer layers they were more densely
attached to the fibrin strands compared with the inner layers.
Precipitation of the SNPs was patchy in the outer layers
and quite homogeneous in the inner layers. Moreover, the
leukocytes were denser in the outer layers than in the inner
layers (Figures 1(a), 1(b), and 1(c)).

4. Discussion

In the present study, the tensile strength, stiffness, and
antibacterial activity were significantly higher in the SNP
modified L-PRF membranes than the L-PRF group. The
membrane’s mechanical properties were improved as a result
of adding SNPs to the L-PRF and its array in the fibrinmatrix.
The microscopic assessment of the samples showed that the
SNPs were more densely mixed with the fibrin strands in the
outer layers than the inner layers. Furthermore, their precip-
itation was patchy in the outer layer but quite homogenous
in the inner layers.This may justify the improved mechanical
properties of the L-PRF membrane modified by SNPs. Yet,
further studies by an electron microscope are suggested to
investigate more details.

The mechanical values measured in L-PRF group were
in line with the study by Khorshidi et al. who reported that,
among the techniques used for making high concentrations
of platelets, the L-PRF technique created more favorable
mechanical properties like better tensile strength. Hence, it
had better clinical handling and could be a more suitable
membrane for periodontal regenerative surgical procedures.
[10].

The different mechanical properties observed in different
methods of making PRF and L-PRF can be due to the
differences in polymerization stages, as well as the different
densities of fibrin matrix and different fibrinogen concentra-
tions [10]. The tensile strength of the tissue or the material
that is sutured affects the success of suturing and the clinical
result of wound healing. Thus in clinical use, the membranes
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with higher tensile strength are more tear resistant and bear
greater applied forces [8].

The membrane produced in this study offered better
mechanical properties besides maintaining its molecular
properties. L-PRF can be a biologic scaffold and a reservoir
for the growth factors in tissue regeneration. This fibrin
increases the proliferation, migration, and differentiation
of human bone marrow stem cells [18]. It also causes the
expression of extracellular phosphorylated protein kinase
and osteoprotegerin in osteoblasts and considerably affects
the bone regeneration [19].

On the other side, the most common postoperative
complication of regenerative surgeries is the membrane
exposure, in which case, the oral cavity microorganisms can
be colonized on the membrane and jeopardize the success
of treatment [12]. Certainly, it results in increased infection
risk and poor bone repair.Thus, reinforcing the antimicrobial
feature of membranes can contribute to the improvement of
the treatment outcome.

The SNPs are highly biocompatible and have favorable
properties such as antimicrobial property [13]. Despite the
several proposed theories, controversy exists regarding the
mechanism of action of SNPs on microbes [20]. Silver
nanoparticles can adhere to the cell membrane of the bacteria
and make it porous, which consequently changes the perme-
ability of the cell membrane and causes cell death [21].

A number of studies claimed that the contact between the
silver nanoparticles and bacteria forms free radicals which
can damage the bacterial cell membrane and cause bacterial
death through increasing the permeability [12]. It was also
announced that the Ag ions released from the nanoparticles
could interferewith the thiol group of enzymes and deactivate
them [22].

Several studies showed that these materials can influence
awide spectrumof gram-negative and gram-positive bacteria
and also antibiotic-resistant species. They have also been
proven to have antifungal and antiviral effects [12]. Bone
cement reinforced with nanosilver can destroy different bac-
teria such as Staphylococcus epidermidis, methicillin-resistant
Staphylococcus epidermidis, and methicillin-resistant Staphy-
lococcus aureus, in vitro [17].

Adding SNPs to oral mouthwashes considerably reduced
the growth of Streptococcusmutans comparedwith antibiotics
and chlorhexidine [23]. In endodontic treatments, applica-
tion of different concentrations of SNPs in combination with
MTA and CEM had shown an antibacterial effect against
Escherichia coli, Enterococcus faecalis, Candida albicans, and
Actinomyces spp. [24].Themembrane designed in the present
study succeeded to offer suitable antimicrobial properties like
the previously mentioned studies.

Viridans group Streptococcus (VGS) is a heterogeneous
group of organisms with six main subgroups and at least 30
different strains. Functioning as the normal flora of the body
or pathogens, they can cause delay or failure in the healing
of the surgical site. The VGS include gram-positive catalase-
negative coccus with chain morphology in microscopic eval-
uation [25]. They are among the species whose interspecies
genetic changes result in increased antibiotic resistance [12].

Klebsiella is an anaerobic facultative gram-negative non-
motile bacillus, the commonest type of which is K. pneu-
monia. It inhabits the oral cavity of healthy individuals
sporadically and can cause oral infections in cases such as
nosocomial infection, poor oral hygiene, alcohol overuse,
leukemia, weak immune system, and extensive dental caries
[26].

In the current study, the membrane modified by SNPs
showed no VGS growth after neither 12 nor 24 hours;
however, it had no effect on K. pneumonia.

5. Conclusion

In the present study, modification of L-PRF by SNPs yielded
a product which can help prevent the growth of a great family
of bacteria (VGS) on the surgical sites and its consequences.
This membrane not only has biological advantages, but
also offers better mechanical properties including higher
tensile strength, stiffness, and toughness compared with the
traditional membrane.
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Introduction. When the era of dental implantology began, the pioneers defined some gold standards used in dental prosthetics
treatment for implant-supported restorations. Referring to traditional prosthetics, it was taken for granted that the length of an
implant placed in the alveolar bone (the equivalent of the root) should exceed the length of the superstructure.Aim of the Study.The
aim of the study was to determine whether implant length and the crown-to-implant (𝐶/𝐼) ratio influence implant stability and the
loss of the surrounding marginal bone and whether short implants can be used instead of sinus augmentation procedures.Material
and Methods. The patients participating in the study (𝑛 = 30) had one single tooth implant, a short (OsseoSpeed� L6 Ø4mm,
Implants) or a regular implant (OsseoSpeed L11 and L13 Ø4mm, DENTSPLY Implants), placed in the maxilla. The evaluation
was based on clinical and radiological examination. The crown-to-implant ratio was determined by dividing the length of the
crown together with the abutment by the length of the implant placed crestally. Mean crown-to-implant ratios were calculated
separately for each group and its correlation with the MBL (marginal bone loss) and stability was assessed. The authors compared
the correlation between the 𝐶/𝐼 ratio values, MBL, and secondary implant stability. Results. Positive results in terms of primary
and secondary stability were achieved with both (short and conventional) implants. The MBL was low for short and conventional
implants being 0.34 ± 0.24mm and 0.22 ± 0.46mm, respectively. No significant correlation was found between the 𝐶/𝐼 ratio and
secondary stability as well as the 𝐶/𝐼 ratio and the marginal bone loss. Conclusions. Short implants can be successfully used to
support single crowns. The study has revealed no significant differences in the clinical performance of prosthetic restorations
supported by short implants. Clinical trial registration number is NCT03471000.

1. Introduction

The crown-to-root (𝐶/𝑅) ratio is commonly used by dental
clinicians to qualify a tooth for a fixed dental crown. It
is believed that a proper 𝐶/𝑅 is one of the key factors in
achieving a long-term prognosis in prosthetic rehabilitation
[1–3].The importance of a proper𝐶/𝑅 ratiomay be explained
by the biomechanical concept of a class I lever, so when
a disproportionate 𝐶/𝑅 ratio occurs, the periodontium is
more susceptible to injury due to heavy occlusal forces. This
phenomenon was studied, for example, by McGuire and
Nunn in a prospective study on predicting tooth loss for
periodontal patients [4]. There are no strict guidelines for a

𝐶/𝑅 ratio, but when a periodontium is healthy the optimal
𝐶/𝑅 ratio for a fixed crown is considered 1 : 2 or less [1, 5].

When the era of dental implantology began, clinicians
started using certain guidelines associated with natural teeth
for the implant-supported fixed crowns. It was taken for
granted that the length of an implant placed in the alveolar
bone (the equivalent of the root) part should exceed the
length of the superstructure.

Many studies have shown that the success of implant
osseointegration is considerably dependent on its surface
and it has been proven that osteoblastic cells adhere more
quickly to rough surfaces [6–8].Manymethods for increasing
the dental implant roughness were described; one of them
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is the the sandblasted and acid-etched surface created by
the combination of sand-blasting and acid-etching is the
most relevant and most commonly used method, and its
significance has been documented in numerous studies [9–
11].

Before implant surface modifications were widely recog-
nized in the literature, in case of insufficient bone volume,
augmentation procedures had been the only solution to
ensure sufficient bone volume [12]. In the maxilla, in cases
with vertical dimension deficiency, the augmentation in the
maxillary sinus prior to the planned implantation is often
necessary to obtain sufficient bone volume to stabilize a
dental implant. Many biomaterials (including autografts,
allografts, xenografts, and alloplasts) may be successfully
used in these techniques, but sinus lift procedures feature
the risk of complications, such as the perforation of the
Schneiderian membrane (7–30% depending on the used
technique and instruments) [13–15].

The indisputable progress and improvement of the
implant surface enabled implant length reduction while still
maintaining proper stability and functionality. Short implants
could be used in cases where traditional implants preceded by
the grafting procedure were the only solution. Furthermore,
the implant surface modification alsomade it possible to stop
following the guidelines used in traditional prosthetics. The
barrier tomaintaining a proper crown-to-implant (𝐶/𝐼) ratio
was exceeded. A considerable number of studies addressed
the issue of implant length as a predictor of implant survival,
but they achieved inconclusive results. However, it has been
pointed out that the excessive 𝐶/𝐼 ratio could impair long-
term implant survival [16].

On the other hand, the recent literature indicates very
promising results and argues that short implants may safely
replace regular implants; however, due to their sophisticated
surface, short implants remain stable when loaded with a
crown longer than the implant itself [17–19].

The aim of the study was to check whether the crown-
implant ratio influences the secondary implant stability and
the marginal bone level [MBL] in implants loaded with
single nonsplinted crowns. It was also assessed whether the
use of increased 𝐶/𝐼 ratios for short implants would be as
successful as for long implants proceeded by maxillary sinus
augmentation with a xenograft.

2. Material and Methods

For the purpose of unifying the nomenclature in the
manuscript, authors use the word superstructure for the
prosthetic crown with the abutment.

2.1. Experimental Design. This prospective study was con-
ducted based on clinical and radiographic examination. The
study protocol was approved by the local ethical commis-
sion (Bioethics Committee at Wroclaw Medical University,
approval number KB 427/201). All patients gave two written
consents: the first was general consent to have dental implants
placed, and the other consent involved the participation in
the study. The study has been conducted in full compliance
with the Declaration of Helsinki. The primary protocol of

the study assumed a larger group of patients; however, only
30 patients were included in this long follow-up period.
Other patients because of long evaluation period resigned
from participation in the project; others because of poor
compliance were excluded from the project.

The evaluation in this study group of patients incorpo-
rated 30 adults (10 males, 20 females), with a mean age
of 45.5 years, who had DENTSPLY implants placed at the
Department of Dental Surgery at Wroclaw Medical Univer-
sity. The patients who met the inclusion criteria were divided
at random (by drawing lots) into two groups according to the
method of treatment provided.

Group 1 (G1; 𝑛 = 15 patients) had conventional
dental implants (OsseoSpeed L11 Ø4mm and L13 Ø4mm)
[DENTSPLY Implants, Waltham, MA, USA] placed, pre-
ceded by the sinus lift procedure from a lateral window
approach with the application of the xenogeneic bone graft
Geistlich Bio-Oss� [Geistlich AG, Wolhusen, Switzerland].
The lateral window approach sinus lift surgerywas performed
6 weeks prior to the implant placement by the same surgeon.

Group 2 (G2; 𝑛 = 15 patients) had short implants
(OsseoSpeed L6mm Ø4mm) [DENTSPLY Implants, Wal-
tham, MA, USA] placed without sinus lift and augmentation
procedure.

2.2. Inclusion and Exclusion Criteria. Nonsmoking patients
with no systemic or local diseases were qualified.

Additional inclusion criteria were as follows:

(i) Minimal apicocoronal height of the alveolar ridge of
6mm in the region of the implant insertion in the
presurgical qualification

(ii) Minimal width of the alveolar ridge of 6-7mm in the
region of interest

(iii) HKT (height of the keratinized tissue) higher than
2mm

(iv) API ≤ 35 (Approximal Plaque Index)
(v) PI ≤ 25. (Plaque Index)
(vi) Bone Type III or D2 were included in the study
(vii) No graft procedures in the area of interest

In both groups, D2 (Misch) was the radiologically and
clinically assessed bone density based on presurgeryCT scans
and intrasurgery clinical evaluation. The surgical procedure
was performed under the same conditions and by the same
medical teamwith induced local anesthesia. All patients were
instructed to rinse their mouths with 0.12% chlorhexidine
solution (twice a day until suture removal) and to take
the prescribed antibiotics and analgesics (Augmentin 1,0 in
tabl. One dose at one hour before the surgery and then
5 days after implant placement 1,0 g every 12 hours). In
addition patients in Group 1 where the sinus floor was
elevated received additional antibiotic therapy when the
surgery was performed (Augmentin 1,0 in tabl. One dose at
one hour before the surgery and then 5 days after implant
placement 1,0 g every 12 hours). Nonresorbable sutures were
removed 7–14 days after the implant placement. In all cases,
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final restorations were manufactured and cemented with
resin based semipermanent cement 6 months after implant
placement. All implants in this study were loaded with single
nonsplinted crowns.

CBCT (Cone Beam Computed Tomography) [Galileos�
D3437, Sirona Dental, Germany] and RVG [Visualix� eHD,
Gendex Dental Systems, USA] were taken for each implant
analyzed andmeasured to assess the crown-implant ratio.The
initial CBCT and RVG taken immediately after the implant
placement (T0) and CBCT and RVG radiographs taken after
36 month (T1) were used to assess the marginal bone level
changes. The loss of the marginal bone was measured based
on the CBCT image and using a standard RVG periapical
X-ray done with the use of a straight angle technique with
a positioner. The CBCT image offers transrectal views so
the measurement can be made around the implant. On the
periapical X-ray, the bone level was measured on the mesial
and distal site of the implant and the mean values were
calculated. The measuring points on CBCT were located
around the implant (4 points around each mesial, distal,
buccal, and palatal) and the mean values were calculated.
To indicate the value in millimeters, in each case the radi-
ological measurement was calibrated with the previously
known length of the implant. Then the mean value of the
measurements from both CBCT and RVGwas calculated and
these mean values were presented in the manuscript.

For Periotest�, measured in PVT Periotest Values [Peri-
otest Classic, Medizintechnik Gulden, Germany] examina-
tion was performed to assess secondary implant stability
after 36 months. In all cases, the Periotest evaluation was
conducted in the same manner. Each implant was evaluated
at 4 different location points, each with a different direction
of the excitation: 2 points at the buccal (45 degrees from the
mesiobuccal direction, 90 degrees from the buccal direction,
both at the half the height of the supragingival part of the
crown) and similarly on the palate, each excitation place was
evaluated 3 times. The mean was calculated for all evaluation
points for each implant.

The crown-to-implant ratio was determined by dividing
the length of the superstructure (crown and the abutment) by
the length of the implant that was placed crestally (Figures 1
and 2). Mean crown-to-implant ratios were calculated sepa-
rately for each group and its correlation with the MBL (MBL
= marginal bone loss) and implant stability was evaluated.
The authors compared the correlation between the range of
𝐶/𝐼 ratio values, the MBL, and secondary implant stability,
respectively.

2.3. Statistical Analysis. The statistical analysis was per-
formed using GraphPad Prism 6 software [GraphPad Soft-
ware, Inc., USA]. Spearman’s rho test was used to measure
correlation. All data were given as means ± standard devia-
tion (SD). 𝑃 < 0.05 was considered statistically significant.

3. Results

The evaluation of implant stability with Periotest after 36
months (T1) yielded good results of secondary implant
stability in both groups (G1 and G2: 0.93 ± 3.39PTV and

Figure 1: Periapical digital radiograph of a short implant (AstraTech
implant system� OsseoSpeed TX 4.0 S; Ø4mm, 6mm long). The
𝐶/𝐼 ratio measurement method is presented. Radiological status 36
months after implant placement.

Figure 2: Periapical digital radiograph of a regular implant (Astra
Tech implant system OsseoSpeed TX 4.0 S; Ø4mm, 11mm long).
The𝐶/𝐼 ratiomeasurementmethod is presented. Radiological status
36 months after implant placement.

1.0 ± 2.7PTV). The marginal bone level loss was low and
similar in both groups (G1 and G2: 0.22±0.46mm and 0.34±
0.24mm).No significant difference in theMBLbetween short
and regular implants was found (Table 1).

The average 𝐶/𝐼 ratio in G1 was 1.063 and in G2 1.69
(Table 2). No significant correlation between the 𝐶/𝐼 ratio
and the secondary stability was found as well as for the 𝐶/𝐼
ratio and the marginal bone loss (Table 3).

4. Discussion

There is still some controversy over the definition of a
short implant. According to Tawil and Younan, an implant
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Table 1: Marginal bone level loss. T0 compared to T1. Mean value ± SD.

Group 1 Group 2 Wilcoxon test
T0 versus T1 0.22 ± 0.46mm 0.34 ± 0.24mm 𝑃 = 0.1229

Table 2: Correlations between 𝐶/𝐼 ratio: secondary stability and 𝐶/𝐼 ratio: marginal bone level loss.

Correlation 𝐶/𝐼 ratio: secondary stability 𝐶/𝐼 ratio: marginal bone level loss
𝑟 −0.04 0.32
Test Spearman Spearman
Significance No No

Table 3: Crown-implant ratio (𝐶/𝐼) after 36 months (T1).

Group 2 𝐶/𝐼 Ratio Group 1 𝐶/𝐼 Ratio
min 1.36 min 0.68
max 1.97 max 1.65
Mean 1.679 Mean 1.063
SD 0.2129 SD 0.293
Median 1.69 Median 1.05

of ≤10mm is considered short [20], whereas Nisand and
Renouard define the one with a designed intrabony length
of ≤8mm as short and a device with a designed intrabony
length of ≤5mm as extra short [21]. In our study, the
implants with a length of 11 or 13mm were considered
regular, whereas 6mm dental implants were considered
short. The study only used single crown restorations for
both G1 and G2. Splinting the crowns when examining the
impact of the 𝐶/𝐼 ratio would change the distribution of
forces and, consequently, the results would be disturbed. The
determination of themarginal bone level (MBL)was based on
radiographic measurements after 36 months. The marginal
bone level loss was low and similar in both tested groups. No
significant difference in the MBL between short and conven-
tional implants was found, as well as no correlation between
the MBL and the 𝐶/𝐼 ratio. Furthermore, the correlation
between the 𝐶/𝐼 and implant stability was reported not to be
statistically significant. These results may correspond with a
majority of the 𝐶/𝐼 ratio studies arguing that the crown-to-
root ratio guidelines associated with natural teeth should not
be directly applied when planning implant-supported single
tooth restoration.

The recent literature shows that the crown-to-implant
ratio has no major impact on the clinical performance of
implants and may be successfully applied [19, 22–24]. In
the systematic review by Blanes it was found that the 𝐶/𝐼
ratios of implant-supported reconstructions do not influence
peri-implant crestal bone loss [22]. Mangano et al. studied
68 short dental implants over a period of 5 years with
different 𝐶/𝐼 ratios. No significant differences were found
in the survival rate, prevalence of biological complications,
and prosthetic complications between the groups with 𝐶/𝐼 ≥
2 and 𝐶/𝐼 < 2 [24]. Those findings correspond to ours.
We have found no correlation between the 𝐶/𝐼 ratio and
the MBL. Schulte et al. analyzed retrospectively 889 single
tooth implants from 294 patients and put forward that the

crown-to-root ratio guidelines associated with natural teeth
should not be applied to a potential implant site or an existing
implant restoration [19]. Schneider et al. in a 5-year retro-
spective investigation demonstrated that the 𝐶/𝐼 ratio did
not influence the clinical performance of implants supporting
single crown restorations in the posterior segments of the
jaw [23]. However, a significant negative association between
the crown-implant ratio and the marginal bone loss was
described in the literature as well. The systematic review
by Garaicoa-Pazmiño et al. revealed that the 𝐶/𝐼 ratio of
implant-supported restorations has an effect on the peri-
implant marginal bone level [25]. Malchiodi et al. achieved
similar results in his study. These authors analyzed 259 short
dental implants in 136 patients over a period of 36 months.
They observed a significant correlation between the clinical
𝐶/𝐼 ratio and the crestal bone loss. The peri-implant bone
loss was significantly increased for implants with the 𝐶/𝐼 ≥
2 [26]. The study by Nunes et al. evaluated 118 implants
from 59 patients, where 30 implants presented the 𝐶/𝐼 ≤ 2
and 88 implants the 𝐶/𝐼 > 2. The authors revealed a weak
inverse but insignificant correlation between the 𝐶/𝐼 ratio
and the MBL [27]. They concluded that implant-supported
fixed prostheses with the 𝐶/𝐼 ratio of >2 have a negative
impact on the MBL. Anitua et al. managed to demonstrate
that the use of a cantilever for prosthetic rehabilitation had a
negative impact on the MBL. When the cantilever was used,
the MBL was increased considerably by 238%. In contrast,
when the cantilever was not used, the MBL is independent
from the 𝐶/𝐼 ratio [28]. Using the finite element method,
it was demonstrated that the stress concentration and stress
distribution increase with the height of the crown [29, 30]. As
the 𝐶/𝐼 ratio increased twice, the von Mises stresses rose by
about 47%. At the 𝐶/𝐼 ratio of 2/1, the highest stresses were
observed around the implant neck [29].

The improper placement of a dental implant and, conse-
quently, the improper direction of the occlusive forces may
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lead to increased stress and strain distribution on the bone
around the dental implants; therefore, the marginal bone loss
and recession of the soft tissues may occur [31–33]. However,
the authors of the study gave the proper location of the
implants careful thought, and thus none of these occurred.

Authors have presented only one scenario for the use of
short implants, which seems to be the very common clinical
situation. Maxillary molars are most often prematurely lost
in maxilla. Due to loss of bone volume and maxillary
sinus expansion, bone conditions often do not allow for
placing regular length implants. This is a clinically important
since here short implants are an alternative to regenerative
treatment such as sinus lift procedures that can feature the
risk of complications. According to Oikarinen et al. who
studied over 400 patients the available bone height in the
posterior maxilla in 38% of cases is at least 6mm [34]; this
is just enough bone volume to consider short dental implant
without supportive regenerative treatment. The loading with
nonsplinted crowns is also groundbreaking and clinically
relevant since many previous studies like Cannizzaro et al.
[35], Esposito et al. [36], and Pistilli et al. [37] evaluate
splinted crowns in similar conditions; however, Guljé et al.
[38] and Thoma et al. [39] have presented good clinical
outcome with nonsplinted short implants in maxilla.

Of course, the lack of single tooth in the maxilla is
not the only indication for the short implants. They can
successfully be used to avoid regeneration procedures in
a atrophic mandible; among many studies over this issue
also our research group Hadzik et al. presented successful
application of short dental implants to replace two missing
molars in atrophic mandible [40]. The literature shows many
more fine examples of common clinical situations where
short implants are used to avoid less predictable and difficult
regenerative treatments combined with regular implants.
These implants have been described by Esposito et al. as
effective in rehabilitation of fully edentulous atrophic maxilla
[41]; Maló et al. has presented a short-term outcome study
with successful immediate loading of short implants in
edentulous maxilla using all-on-4 concept [42].

5. Conclusion

In conclusion, due to the fact that no negative impact
of the lowered 𝐶/𝐼 ratio on the marginal bone level and
implant stability was found, we came to the conclusion
that short implants may be successfully used to support a
single crown. The clinical performance of short implants is
comparable to regular implants. Both treatment modalities
can be considered in the atrophic posterior maxilla; however
short implants may be more favourable regarding short-term
patient morbidity.
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Objective. Platelet-rich fibrin (PRF) clots andmembranes are autologous blood concentrates widely used in oral surgical procedures;
less is known, however, about the liquid formulations of such products. The aim of this in vitro study is to assess the behavior
of different implant surfaces when in contact with two liquid leucocyte- and platelet-rich fibrin (L-PRF) products. Methods. Six
commercial pure titanium discs, of 9.5mm diameter and 1.5mm thickness, were used. Three of these samples had a micro/nano-
rough surface; three were machined. Three different protocols were tested. Protocols involved the immersion of the samples in (1)
a platelets, lymphocytes, and fibrinogen liquid concentrate (PLyF) for 10 minutes, (2) an exudate obtained from L-PRF clots rich
in fibronectin and vitronectin for 5 minutes, and (3) the fibronectin/vitronectin exudate for 2 minutes followed by immersion in
the PLyF concentrate for further 8 minutes. After these treatments, the samples were fixed and observed using a scanning electron
microscope (SEM). Results. Under microscopic observation, (1) the samples treated with the PLyF concentrate revealed a dense
fibrin network in direct contact with the implant surface and a significant number of formed elements of blood; (2) in the samples
treated with the fibronectin/vitronectin exudates, only a small number of white and red blood cells were detectable; and (3) in
samples exposed to the combined treatment, there was an apparent increase in the thickness of the fibrin layer. When compared to
the machined surface, the micro/nano-rough samples showed an overall increased retention of fibrin, leading to a thicker coating.
Conclusions. Liquid L-PRF products promote the formation of a dense fibrin clot on micro/nano-rough implant surfaces in vitro.
The adjunctive treatment of surfaces with the fibronectin/vitronectin exudate could provide support to contact of the fibrin with
the surface, though it is not essential for the clot formation. Further studies are necessary to better elucidate the properties and
benefits of liquid L-PRF products.

1. Introduction

Implant supported oral rehabilitation has increasingly
improved the treatment options for edentulous patients,
reporting high long-term survival and success rates [1, 2].
However some clinical conditions can affect osseointegration,
significantly reducing the success rate of dental implants. An
increased rate of implant loss has been reported in irradiated
patients [3], in patients receiving bisphosphonates [4], and
in individuals with severe periodontal disease [5]. In these
patients, implant failures can occur at an early stage of

peri-implant bone healing, thus suggesting a role for local
factors. One fundamental phase of the healing process is the
formation of a stable fibrin clot in contact with the implant
surface to provide a provisional scaffold for the migration of
differentiating osteogenic cells towards the implant surface
[6]. This has led to the development of surfaces with specific
micro- and nanotopographies and biomimetic characteristics
to promote fibrin adhesion and improve osseointegration.
If, on the one hand, dental implants with surface micro-
topography have become a standard of care, on the other very
fewbrands commercially offermicro-nano-textured surfaces,
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whilst biomimetic approaches for implant functionalization
are still not available for clinical use. These treatments
generally involve immobilization of specific peptides on the
implant surface during the production process. Another
possible approach involves functionalizing the implant
surface with the patient’s autologous blood immediately
before placement.

Today, platelet concentrates include several biologic
products, commonly referred to as platelet-rich plasma (PRP)
and platelet-rich fibrin (PRF), used to facilitate and promote
wound healing. Specific formulations also include leucocyte-
and platelet-rich fibrin (L-PRF) products [7]. Platelet con-
centrates are obtained through the centrifugation of a whole
blood sample, discarding red blood cells and concentrating
the components of use for therapeutic purposes, that is,
fibrinogen, fibrin, platelets, growth factors, leukocytes, and
other circulating cells [8, 9]. By pressing the fibrin clots
obtained through the centrifugation, an exudate is formed
which is rich in growth factors and serum proteins, including
fibronectin and vitronectin [10]. These play an important
role in cell adhesion and migration into the fibrin clot [11].
Liquid concentrates rich in platelets, lymphocytes, plasma
proteins, andfibrinogen can also be obtained by shorter blood
centrifugation. This plasma fibrinogen concentrate can be
collected before coagulation and used for local delivery of
growth factors similarly to the clots. Compared to PRF clots
however, less is known as to the properties and the potential
applications of liquid PRF products.

Although platelet concentrates are widely used in bone
regeneration procedures, their role in relation to implant
osseointegration remains poorly investigated. The purpose
of this in vitro study was thus to evaluate the effects of
treating rough and smooth implant surfaces with two liquid
leucocyte- and platelet-rich fibrin (L-PRF) products.

2. Materials and Methods

2.1. Liquid Platelet Concentrate and Exudate Preparation.
Blood samples (9 cc each) were collected in 6 red cap vacuum
tubes (IntraSpin�, Intra-Lock International, Boca Raton,
FL) to obtain the L-PRF clots and two white cap vacuum
tubes (IntraSpin, Intra-Lock International, Boca Raton, FL)
to produce the liquid concentrate. The total of 8 test tubes
was then placed within the centrifuge (IntraSpin, Intra-
Lock International, Boca Raton, FL) at opposing positions
to balance the rotor (Figure 1(a)). After 3 minutes of cen-
trifugation at 2700 rpm, the process was stopped and the
2 white tubes were removed, and the centrifuge restarted
for a remaining period of 9 minutes. 3 cc of liquid (PLyF
concentrate) was taken from the top of test tubes with the
white caps (Figure 1(b)). After a total of 12 (3 + 9) minutes
of centrifugation at 2700 rpm, the L-PRF clots were removed
from the test tubes. The red layer containing the red blood
cells was gently separated using a sterile instrument.The clots
were then placed on a sterile metal grid and compressed
under the weight of a sterile metal plate (Figure 1(c)), without
applying any manual pressure (Xpression� Kit, Intra-Lock
International, Boca Raton, FL). After 5 minutes the L-PRF
membranes were formed and the expressed exudate rich in

fibronectin and vitronectin was collected at the base of the
metal box (Figure 1(d)).

2.2. Treatment of Titanium Discs. Twelve sterile commercial
pure titanium discs (ASTM Grade 4) of 9.5mm diameter
and 1.5mm thickness were used for this study. Six discs had
a rough fractal nanosurface (Ossean� surface, Intra-Lock
International, Boca Raton, FL, USA) and six a machined
surface. The discs were then divided into three separate
groups using a multiwell cell culture plate: four discs, two
machined and two rough (PR and PL), were immersed
in the PLyF concentrate for 10 minutes; four discs, two
machined and two rough (ER and EL), were immersed in
the fibronectin and vitronectin exudate for 5 minutes; four
discs, two machined and two rough (EPR and EPL), were
first immersed in the fibronectin and vitronectin exudate for
2 minutes and then in the PLyF liquid for 8 minutes. The
samples were then fixed with 2% glutaraldehyde in 0.1M
cacodylate buffer (pH 7.4) and successively analyzed using
a field emission gun scanning electron microscope (FEG-
SEM) (Inspect FTM, FEI Company, Hillsboro, OR, USA) at
different magnifications and an acceleration voltage of 10 kV.

3. Results

On microscopic analysis, the PR samples revealed a high-
density, small-meshed fibrin network (Figures 2(a)–2(d)). A
significant number of red blood cells, white blood cells, and
platelets were also observed, both in contact with the disc
surface and within the fibrin network. The fibrin clot was
of variable thickness and direct contact between the fibrin
network and the implant surface could be observed. Partial
detachment of the fibrin from the titanium surface was also
noted in some areas of the sample.

In samples PL a wide-meshed fibrin network was
observed (Figures 2(e)–2(h)). As compared to PR, the fib-
rin layer had a reduced thickness with few contact points
between the fibrin and the implant surface. Similarly to PR
samples, a number of blood cells and platelets were trapped
in the fibrin network.

In samples ER (Figures 3(a)–3(d)) and EL (Figures
3(e)–3(h)) no significant biologic process could be observed.
Few white and red blood cells could be identified in contact
with surface irregularities.

Similarly to what was observed in the PR samples, a
dense, small-meshed fibrin layer had formed on the EPR discs
(Figures 4(a)–4(d)). Compared to PR, a greater quantity of
fibrin had formed and a relatively higher number of formed
blood elements were also detected within the fibrin clot.
Several areas showed partial or total detachment of the fibrin
layer from the surface, probably occurring during the fixation
process.

Finally, the EPL samples were covered with a wide-
meshed fibrin network with several formed blood elements
(Figures 4(e)–4(h)). Compared to EPR, the fibrin layer onEPL
showed a reduced thickness in all the observed areas. Sim-
ilarly to PL, few direct contacts between the fibrin network
and the implant surface were identified.
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(a) (b)

(c) (d)

Figure 1: L-PRF products preparation. (a) The centrifuge used for the study with the vacutainer tubes in place. (b) PLyF concentrate on the
top of the white vacutainer. (c) L-PRF membranes obtained after compression of the clots. (d) Exudate rich in fibronectin and vitronectin
derived from membranes compression.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 2: SEM images of titanium samples after immersion in the PLyF concentrate for 10 minutes. (a–d) Samples with rough surface (PR).
(e–h) Samples with machined surface (PL). A dense fibrin network has formed on the surfaces with abundant thrombocytes, erythrocytes,
and leukocytes.
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(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 3: SEM images of titanium samples after immersion in the fibronectin and vitronectin exudate for 5minutes. (a–d) Samples with rough
surface (ER). (e–h) Samples with machined surface (EL). Scarce erythrocytes and leukocytes can be clearly detected on both the surfaces.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 4: SEM images of titanium samples after immersion in the fibronectin and vitronectin exudate for 2 minutes and then in the PLyF
concentrate for further 8 minutes. (a–d) Samples with rough surface (EPR). (e–h) Samples with machined surface (EPL). Compared to PR
and PL samples, a major quantity of fibrin has formed on the surfaces.

4. Discussion

The results of this study have shown that the contact of
a micro/nano-rough implant surface with a liquid blood
concentrate allows formation of a stable fibrin layer con-
taining platelets and leucocytes. SEM micrographs have also

suggested that fibrin clot formationmay be further supported
by adjunctive pretreatment of samples with an exudate
containing fibronectin and vitronectin.

Platelet concentrates have been used widely in several
branches of medicine to improve repair of soft tissue. In
recent years, particular attention has been given to the
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potential for interaction between platelet concentrates and
bone healing. In an experimental rat model of femoral
fracture, Dülgeroglu and Metineren [12] observed increased
bone formation after 28 days of healing when PRF clots
were applied to bone. Similarly, Nagata et al. [13] observed
significantly increased bone formation in surgically created
bone defects in rat calvaria treated with a combination of
autogenous bone graft and platelet-rich plasma. In 2003,
Schlegel et al. [14] tested the potential of PRP in artificial
peri-implant bone defects in a dog model without conclusive
results. Most recent research has focused on the use of PRF
to enhance bone regeneration and osseointegration. PRF
has proven effective in bone regeneration of peri-implant
defects in both animal [15, 16] and human clinical studies
[17, 18]. In a histometric study in rabbits, Öncü et al. [19]
evaluated the effect on osseointegration of placing L-PRF
within implant beds and implant prewetting in L-PRF clots
before placement.The authors report increases in the rate and
the amount of new bone formation in the experimental group
compared to the control, especially in the early healing stages.
In a histologic study in dogs, Neiva et al. [20] evaluated the
effects of L-PRF around immediately placed implants with
two different surfaces, micro/nano-rough surface (Ossean�
surface) and dual-etched.The authors reported a significantly
increased bone formation by combining Ossean surface with
L-PRF concluding thatmicro/nano-rough surface and L-PRF
have a synergistic effect on peri-implant bone healing.

In the present study a different approach has been
developed, consisting in soaking the titanium samples in a
liquid platelet concentrate obtained after 3 minutes of cen-
trifugation. The theoretical advantage of liquid concentrates
instead of PRF clots is that fibrin polymerization occurs in
direct contact with the implant surface. As demonstrated by
the SEM images, fibrin can establish numerous contacts with
the implant surface, providing a biologic coating. Although
various efforts are being made to improve osseointegration
by mechanisms such as implant surface coating, the most
important biological event is the fibrin clot formation around
the implant. The quality and stability of the fibrin clot are,
in fact, a prerequisite for mesenchymal stem cell migration
and differentiation into the osteoblast lineage and subse-
quent contact osteogenesis. From this perspective, L-PRF
concentrates provide all the key agents necessary for the
early stages of osseointegration: fibrin, platelets (and related
growth factors), and leukocytes.

Bone healing is also influenced by a number of molecules
including fibronectin and vitronectin. During the early heal-
ing phase, fibronectin is incorporated into the fibrin matrix
affecting distinct platelet functions (adhesion aggregation,
activation), as well as cell migration into the forming pro-
visional matrix [21, 22]. Similarly, once incorporated into
the fibrin clot vitronectin supports platelet adhesion and
aggregation and, at later stages, contributes to cell adhesion
to the extracellular matrix [23]. Based on this, some authors
have proposed fibronectin and vitronectin-coated implants
to enhance osseointegration [24–26]; despite some positive
results obtained in vitro, however, the complexity and cost
of such surface treatments have limited their widespread use.
In this study, a simpler approach, consisting in soaking the

surfaces in the L-PRF-derived products, has been adopted.
In the case of the fibronectin/vitronectin exudate, protein
adsorption occurs as a result of van der Waals forces or
electrostatic interactions similarly to what happens in vivo.
Moreover, in adjunction to the autologous origin of adsorbed
molecules, the advantage of this procedure is that it is
applicable during surgery [27].

The use of PRF preparations for the biomimetic coating of
dental implants can promote peri-implant bone healing also
through the local delivery of growth factors and proteins [28].
Various growth factors, including platelet-derived growth
factor (PDGF) and transforming growth factor beta (TGF-
𝛽), are secreted by local platelet degranulation. Growth
factors act as modulators of cellular activity, inducing specific
responses in all phases of bone repair [29] and promoting
angiogenesis [30]. From this perspective, PRF products may
have an osteopromotive effect during peri-implant bone
healing when associated with a nanotextured surface [31, 32].
Indeed, the specific L-PRF formulation used in this study
could further support the healing process, participating in the
initial inflammatory response.However the role of leukocytes
contained in PRF still has to be elucidated.

Considering these properties, PRF products may find
application in patients with impaired bone healing capacity,
for example, those who have undergone radiation therapy.
In these patients, osseointegration is negatively affected as a
result of the hypocellular, hypovascular, and hypoxic tissue
environment [33], with an increased risk of failure particu-
larly in the maxilla and in grafted sites [34]. These products
could also prove beneficial in immediate implant placement
after extraction, to stimulate fibrin clot formation in the gap
between the alveolar bone and the implant surface, in guided
bone regeneration procedures with simultaneous implant
placement [35], and in the regeneration of peri-implant
defects [36]. However, rather than as hitherto described
in the literature, this study proposes use of liquid L-PRF
instead of clots in order to enhance direct contact of the
fibrin layer with the implant surface, obtaining an immediate
biofunctionalization of the surface.

5. Conclusion

This study represents a preliminary evaluation of surface
treatment with liquid L-PRF products, with the main limi-
tations being a small number of samples and the qualitative
nature of the observations. The study results indicate that
treatment of implant surfaces with liquid PRF leads to
the formation of a stable and dense fibrin layer in direct
contact with the implant surface, thus providing a biomimetic
autologous coating. Compared to machined surfaces, the
micro/nano-rough samples were found to be more retentive,
leading to thicker coatings. Adjunctive treatment with the
L-PRF clot exudate containing fibronectin and vitronectin
seems to promote greater fibrin adhesion and formation
when in combination with the liquid platelet concentrate.
There is a need for additional studies to better elucidate
the potential benefits of liquid PRF in enhancing osseoin-
tegration, particularly in those patients for whom implant
therapies still encounter increased risk of failure.
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The aim of the present study was to investigate the effect of hypoxia-inducible factor 1𝛼 (HIF1A) on the early healing (4 weeks)
of extraction sockets exhibiting partial loss of the labial bone. Two extraction sockets of the maxillary incisors from each of six
dogs were assigned to two treatment modalities: deproteinized bovine bone mineral (i) with 10% collagen (DBBM-C) soaked with
HIF1A and covered by a collagen membrane (CM) (HIF group) or (ii) treated with DBBM-C only and covered by a CM (control
group).Microcomputed tomography revealed some degree of collapse of the labial contour.The totally augmented volume and new
bone volume did not differ significantly between two groups (𝑃 > 0.05). The histological analysis revealed that the apical area of
the socket was mostly filled with newly formed bone, while there was less newly formed bone in the coronal area and incomplete
cortex formation. The histomorphometric analysis revealed that the area of newly formed bone was significantly larger in the HIF
group than the control group (12.16±3.04 versus 9.48±2.01mm2,𝑃 < 0.05), while there was no significant intergroup difference in
the total augmented area. In conclusion, even though DBBM-C soaked with HIF1A enhanced histomorphometric bone formation,
this intervention did not demonstrate superiority in preventing ridge shrinkage compared to DBBM-C alone. Clinical relevance of
these findings should be further studied.

1. Introduction

The interest in counteracting ridge shrinkage has increased
in recent years [1], which has led to detailed investigations
of so-called alveolar ridge preservation (ARP) using a variety
of protocols and biomaterials [2]. A gold standard has yet
to be established, even though many preclinical and clinical
studies have demonstrated that ARP reduces ridge shrinkage
compared to a naturally healed socket [1].

Previous clinical studies regarding ARP have generally
used a healing period afterARP ofmore than 3months before
implant placement [3]. Although such period was used to
ensure maturation of newly formed hard tissue, ARP may
delay the overall treatment time [4]. A systematic review

also suggested that ARP procedures might not be able to
accelerate or keep up with natural healing [3].

Another criticism of ARP is the possibility of further
augmentation at the time of implant placement [1], which is
mainly due to ARP not completely preventing ridge shrink-
age. Moreover, most clinical studies have targeted sockets
with minimal destruction, with even further augmentation
sometimes being reported [5]. It is reasonable to suspect that
further augmentation is more likely for damaged sockets.

Enhancers for bone formation may be required in practi-
cal applications to address the above-mentioned issues. Bone
morphogenetic protein-2, platelet-derived growth factor, and
enamel matrix derivative have previously been utilized [6–8],
but their effects have been somewhat unclear.
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The establishment of a vascular network precedes the
formation of mineralized tissue. Insufficient vascularity will
inevitably interrupt the nutritional and metabolic supply,
leading to compromised healing [9]. Hypoxia-inducible fac-
tor 1𝛼 (HIF1A) is able to stimulate angiogenesis by activating
genes encoding proangiogenic factors [10, 11] and enhance
new bone formation and bone mineral density [12–14]. Such
angiogenic-osteogenic coupling has been tested in bone frac-
ture, osteoporosis, and distraction osteogenesis models [12,
13, 15–17], suggesting that HIF1A has potential in bone tissue
engineering. However, to the best of the present authors’
knowledge, HIF1A has yet to be investigated in the field of
ARP.

Previously, Jeon et al. (2017) induced HIF1A overexpres-
sion using novel protein transduction domain (PTD; Hph-
1-GAL4, ARVRRRGPRRR) and demonstrated that PTD-
induced HIF1A increased angiogenesis [18]. PTD is com-
posed of short amino acid sequences of less than 30 bp
and can penetrate the plasma membrane [19, 20], and thus
it has been considered effective for delivering proteins,
DNA/RNA, drugs, and biological factors to target cells [21].
The osteogenic potential of HIF1A assisted by PTD could be
useful for addressing the above-described long and delayed
healing and probability of further augmentation.

The aim of the present study was to investigate the effect
of HIF1A on healing of sockets exhibiting partial loss of the
labial bone plate at the early stage in dogs.

2. Materials and Methods

2.1. Animals. Six male beagle dogs weighing 10–12 kg were
used for the present study (Gukje, Pocheon, Korea). An
individual cage under standard laboratory condition was
allowed for each dog. Daily monitoring by a veterinarian was
provided throughout the study. The protocol for the animal
experiments was approved by the Institutional Animal Care
and Use Committee of Yonsei Medical Center, Seoul, Korea
(IACUC Approval No. 2013-0317-4).

2.2. Study Design. Bilateral maxillary incisors (teeth #102 and
#202) were chosen as the recipient sites. After extracting
the teeth, a bone defect was created on the labial socket
wall (4mm wide and 6mm high). The extraction sockets
were randomly assigned to the following two groups: (i)
treatment with deproteinized bovine bone mineral with 10%
collagen (DBBM-C; Bio-Oss� Collagen, Geistlich Pharma,
Wolhusen, Switzerland) soaked with 0.2ml of HIF1A (4𝜇g of
HIF1A DNA was mixed with 100𝜇g of Hph-1-GAL4 at room
temperature for 15min, and 0.2-ml aliquots of the solutions
were used) and covered by a collagen membrane (CM; Bio-
Gide�, Geistlich Pharma) (HIF group) or (ii) treatment with
DBBM-C soaked with saline and covered by a CM (control
group).

2.3. Experimental Materials: HIF1A and Hph-1-G4D. HIF1A
was generated and Hph-1-G4D (GAL4-DBD) was purified
as described by [18]. In brief, Homo sapiens HIF1A (NCBI
Reference Sequence: NM 001530.3) was amplified using the
polymerase chain reaction (PCR). The PCR product was

inserted into the pEGFPN1 plasmid vector (Invitrogen, Carls-
bad, CA, USA) using restriction enzyme NheI (Takara Bio,
Otsu, Japan) at 5 termini and KpnI (Takara Bio) at 3 termini
of the PCR fragment.TheDNAofG4D combinedwithHph-1
was transformed with Escherichia coli BL-21 Star (DE3) pLysS
(Invitrogen). The recombinant proteins were subsequently
mixed with SP Sepharose Fast Flow (GE Healthcare, Mil-
waukee, WI, USA) and Hph-1-G4D protein was eluted. The
eluted proteins were desalted using PD-10 Sephadox B-25
(Amersham Pharmacia Biotech, Piscataway, NJ, USA) with
10% glycerol phosphate-buffered saline (Sigma-Aldrich, St
Louis, MO, USA).

2.4. Animal Surgery. General anesthesia was induced by
a subcutaneous injection of atropine (Kwangmyung Phar-
maceutical, Seoul, Korea) and an intravenous injection of
xylazine (Rompun, Bayer Korea, Seoul, Korea) and Zoletil
(Virbac, Carros, France). Tracheal intubation for enflurane
inhalation (Gerolan, Choongwae Pharmaceutical, Seoul,
Korea) was performed. Surgical sites were locally anes-
thetized using 2% lidocaine HCl (Huons, Seoul, Korea).

Two vertical incisions were made at the mesial line angle
of themesial tooth and distal line angle of the distal tooth, and
a sulcular incision was performed. Teeth #102 and #202 were
carefully extracted, and defects were created on the labial
aspect of the socket using a high-speed bur. Either DBBM-C
soaked with HIF1A or DBBM-C soaked with saline (depend-
ing on the group allocation) was placed to fill the labial defect
and the upper portion of the socket. DBBM-C was gently
packed against the lingual wall and lightly squeezed between
the lateral walls of the socket. Condensation into the apical
direction wasminimally performed. No labial overcorrection
was performed. The defect and socket entrance were then
covered by a CM. Primary flap closure was obtained through
a periosteal releasing incision (Figure 1).

Antibiotic (20mg/kg cefazoline, Yuhan, Seoul, Korea)
was administered intramuscularly for 3 days postoperatively.
The surgical wounds were disinfected daily using chlorhex-
idine (Bukwang, Seoul, Korea), and the animals were fed a
soft diet throughout the healing period. After 4 weeks of
healing, the dogs were euthanized by an overdose injection
of pentobarbital sodium (90–120mg/kg).

2.5.Microcomputed TomographyAnalysis. Theblock sections
of the experimental sites were harvested and immersed in
5% formic acid for 14 days. A microcomputed tomography
(micro-CT) scan was performed (SkyScan 1072, SkyScan,
Aartselaar, Belgium) at a resolution of 35 𝜇m (achieved using
100 kV and 100𝜇A), and the acquired datawere reconstructed
with NRecon software (version 1.6.8.0, SkyScan, Kontich,
Belgium).

2.5.1. Volumetric Measurements. The binarization was con-
ducted using the grayscale threshold values defined by
ranging 115–225 for bone substitute and 69–115 for new
bone.The following parameters were measured: total volume
(TV) of the volume of interest, volume of newly formed
bone (NV), and volume of residual bone substitute material
(RV).
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(a) (b) (c) (d)

Figure 1: Clinical photographs of the surgical procedures. (a) Extraction and defect creation (4mm wide and 6mm high), (b) placement of
either demineralized bovine bone mineral with 10% collagen (DBBM-C) soaked with hypoxia-inducible factor 1𝛼 (HIF1A) or DBBM-C only
in the defect and the upper part of the socket, (c) coverage of the defect using a collagen membrane, and (d) primary flap closure.

(a) (b)

Figure 2: Representative microcomputed tomography (micro-CT) images: (a) control group and (b) HIF group.

2.5.2. Linear Measurements. The linear measurements were
based on the assumption that the lingual plate of the socket
would exhibit minimal resorption. A vertical reference line
was drawn along the long axis in the center of each recipient
socket, and perpendicular lines to this vertical reference were
drawn at 1, 3, and 5mmbelow the lingual crest.Thehorizontal
widthwas determined at each of these levels, defined asHW1,
HW3, and HW5.

2.6. Histological Processing and Histomorphometric Analysis.
The resected specimens were then decalcified, trimmed, and
embedded in paraffin. The blocks were sectioned serially in
5 𝜇m thickness perpendicular to the long axis of the socket.
The central-most section was chosen for histological and his-
tomorphometric analyses. Hematoxylin/eosin and Masson’s
trichrome staining were performed. The histological slides

were scanned using digital slide scanner (Panoramic 250
Flash III, 3DHISTECH, Budapest, Hungary) and observed
through CaseViewer (version 2.1, 3DHISTECH). The his-
tomorphometric analysis was performed using CaseViewer
(version 2.1, 3DHISTECH) and Photoshop CS6 (Adobe, CA,
USA) by a single experienced investigator (H.C.L.) who was
blinded to the group assignment.

The histomorphometric measurements were performed
for both the entire augmented area and three rectangular
regions of interest (ROIs) within the augmented area (each
of size 2.0mm2) set up by dividing the entire augmented area
into three equal areas, defined as the coronal1/3, middle1/3,
and apical1/3 areas. The following parameters were measured
(Figure 2): (i) total augmented area including new bone,
residual material, and nonmineralized tissue (TA), (ii) area
of newly formed bone (NB), and (iii) area of residual bone
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Figure 3: Parameters measured in the microcomputed tomography analysis: (a) total augmented volume (TV), (b) volume of newly formed
bone (NV), and (c) volume of residual bone substitute material (RV). None of these parameters differed significantly between the two groups.

substitute material (RM). The number of blood vessels (BV)
was measured in each ROI.

2.7. Statistics. Statistical analyses were performed using a
commercially available statistical package (SPSS 21.0, SPSS,
Chicago, IL, USA). Data are presented as mean ± SD values.
Shapiro-Wilk tests were used to check if the data conformed
to a normal distribution, and then a paired 𝑡-test or the
Wilcoxon signed-ranked test was applied. The cutoff for
statistical significance was set at 𝑃 < 0.05.

3. Results

3.1. Clinical Findings. Clinical healing was uneventful in
all experimental animals. No adverse reaction such as pus
discharge or swelling was observed.

3.2. Micro-CT Analysis. The labial contour at the coronal
level of the socket generally shrunk in both the HIF and
control groups. This tendency became pronounced from the
margin of the defect to the labial crest. DBBM particles
predominated in the upper half of the socket, with a small
amount of newly formed bone between these particles. Some
of the DBBM particles were displaced and scattered. Fewer
DBBM particles were present in the lower half of the socket,
with newly formed bone mostly occupying the space. Newly
formed bone could still be differentiated from the socket wall
due to its low radiopacity (Figure 2).

The horizontal width did not differ significantly between
the HIF and control groups at any level (𝑃 > 0.05): HW1

Table 1: Microcomputed tomographic data.

Control HIF1A 𝑃 value
TV (mm3) 35.48 ± 14.43 41.58 ± 9.34 0.300
NV (mm3) 15.27 ± 3.47 18.29 ± 3.94 0.120
RV (mm3) 9.17 ± 6.14 10.18 ± 4.47 0.685
Data are expressed as mean ± SD; TV, total volume of the volume of interest;
NV, the volume of newly formed bone; RV, the volume of residual bone
substitute material.

was 5.79 ± 0.67 versus 5.47 ± 0.54mm, HW2 was 6.71 ± 0.71
versus 6.70 ± 0.68mm, and HW3 was 7.80 ± 0.50 versus
7.97 ± 0.58mm.

TV andNVwere larger in the HIF group than the control
group (41.58±9.34 versus 35.48±14.43mm3 and 18.29±3.94
versus 15.27 ± 3.47mm3, resp.), but there was no significant
intergroup difference (𝑃 > 0.05). RV also did not differ
significantly between theHIF and control groups (10.18±4.47
versus 9.17 ± 6.14mm3, 𝑃 > 0.05) (Figure 3, Table 1).

3.3. Histological Observations. At the coronal level of the
ridge, the labial contour generally showed shrinkage in both
groups, which started from the apical margin of the dehis-
cence defect. In contrast, the palatal bone plate remained
almost unaffected. Most of the coronal area of the sockets
was filled with DBBM. Some DBBM particles placed in the
outermost area of the dehiscence defect were displaced and
scattered in a few specimens (Figures 4 and 5).

The pattern of new bone formation was similar in the two
groups, but the amount of newly formed bone appeared to
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Figure 4: Histological views of the control group (Masson’s trichrome stain). (a) Overall view of the alveolus. (b, c, d) High-magnification
images of the boxed areas in the alveolus. ∗Newly formed bone; black arrow, residual bone substitute material.

be greater in the HIF group. New bone formation generally
appeared to start from preexisting socket walls. There were
finger-shaped projections of newly formed bone from the
palatal, apical, and remaining labial socket walls. In the apical
area, there were few DBBM particles, with it being filled
by newly formed bone with osteocytes and reversal lines.
Various amounts of DBBM particles were observed in the
middle and coronal areas in both groups, but there appeared
to bemore particles in the control group. Newly formed bone
and provisional matrix were observed on the DBBMparticles
in those areas (Figures 4 and 5).

Vascular structures of varying sizes were observed
throughout the socket. Someblood vessels formed around the
DBBMparticles, but therewere very few blood vessels around
the particles in the outermost coronal part of the socket.

3.4. Histomorphometric Analysis. TA did not differ signifi-
cantly between the HIF and control groups (26.38 ± 3.88
versus 26.05 ± 3.21mm2, 𝑃 > 0.05). NB was significantly
larger in the HIF group than the control group (12.16 ± 3.04
versus 9.48 ± 2.01mm2, 𝑃 = 0.042). RM was larger in the
control group (3.22 ± 2.22mm2) than the HIF group (1.69 ±
1.55mm2), but there was no significant intergroup difference
(Figure 6, Table 2).

Table 2: Histomorphometric data of the entire socket.

Control HIF1A 𝑃 value
TA (mm2) 26.05 ± 3.21 26.38 ± 3.88 0.886
NB (mm2) 9.48 ± 2.01 12.16 ± 3.04 0.042
RM (mm2) 3.22 ± 2.22 1.69 ± 1.55 0.080
Data are expressed as mean ± SD; TA, total augmented area including new
bone, residual material, and nonmineralized tissue; NB, the area of newly
formed bone; RM, the area of residual bone substitute material.

In all ROIs (coronal1/3,middle1/3, and apical1/3 areas),NB
and BV were larger in the HIF group than the control group,
but there was no significant intergroup difference (𝑃 > 0.05).
RM in all ROIs did not differ significantly between the HIF
and the control group (𝑃 > 0.05) (Table 3).

4. Discussion

This study investigated whether or not HIF1A enhanced
bone formation in extraction sockets exhibiting partial loss
of the labial bone plate. Following 4 weeks of healing, it
was demonstrated that (i) the histomorphometric amount of
newly formed bone was significantly greater in theHIF group
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Figure 5: Histological views of theHIF group (Masson’s trichrome stain). (a) Overall view of the alveolus. (b, c, d) High-magnification images
of the boxed areas in the alveolus. ∗Newly formed bone; black arrow, residual bone substitute material.

Table 3: Histomorphometric data of the three regions of interest
(ROIs) within the socket.

Control HIF1A 𝑃 value
NB (mm2)

Coronal1/3 0.46 ± 0.50 0.67 ± 0.39 0.463
Middle1/3 0.65 ± 0.49 1.01 ± 0.19 0.204
Apical1/3 1.01 ± 0.42 1.08 ± 0.27 0.767

RM (mm2)
Coronal1/3 0.66 ± 0.42 0.26 ± 0.31 0.141
Middle1/3 0.33 ± 0.30 0.07 ± 0.11 0.080
Apical1/3 0.00 ± 0.01 0.06 ± 0.14 0.655

BV (𝑛)
Coronal1/3 26.17 ± 11.70 30.33 ± 10.11 0.320
Middle1/3 28.67 ± 8.31 36.50 ± 10.09 0.108
Apical1/3 29.00 ± 13.91 31.50 ± 16.17 0.207

Data are expressed as mean ± SD. The dimension of each ROI was 2.0mm2.
NB, the area of newly formed bone; RM, the area of residual bone substitute
material; BV, the number of blood vessels.

than the control group and (ii) the shrinkage of the labial
contour was comparable in the two groups.

Many preclinical and clinical studies have investigated
ARP [2, 22]. The results of previous studies appeared to be

quite promising, but some disadvantages were also found,
such as long healing periods after ARP and the possibility
of further augmentation at the time of implant placement
[4, 5]. Considering that angiogenesis always precedes osteo-
genesis, HIF1A might be one solution for overcoming these
obstacles. Previous studies found that disruption of HIF1A
in the osteoblasts led to thinner and less-vascularized bone
[14] and that HIF1A injection enhanced gap healing fol-
lowing distraction osteogenesis [15]. These findings support
angiogenic-osteogenic coupling by HIF1A. In line with those
studies, the present study found greater new bone formation
in the HIF group than the control group based on both
histomorphometry (12.16±3.04 versus 9.48±2.01mm2) and
micro-CT (18.29 ± 3.94 versus 15.27 ± 3.47mm3) analyses,
although the difference was statistically significant only in the
histomorphometric analysis.

However, irrespective of new bone formation, both
groups showed shrinkage of the coronal area of the socket
and with no significant difference in the resultant width.
This result might be consistent with those from a previous
comparison of ARP for different protocols (only DBBM,
DBBM + CM, DBBM + rhBMP-2) with natural healing in
sockets with the buccal bone removed [23]. Even though
those authors found a significant intergroup difference in new
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Figure 6: Parameters measured in the histomorphometric analysis: (a) total augmented area (TA), (b) area of newly formed bone (NB), and
(c) area of residual bone substitute material (RM). ∗Significantly different compared to the control group.

bone formation, there was no difference in ridge shrinkage
(approximately 20%) in the coronal area of ARP-received
sockets. The addition of a barrier membrane and enhancers
might improve the healing process from a histological point
of view compared to simply filling the socket with bone
substitute, but themaintenance of ridge dimensionmight not
fulfill the expectations of clinicians.

In all of the present histological specimens, no cortex
formation was observed in the labial area and the outermost
part of the coronal area of the socket mainly consisted of
DBBM particles. This healing pattern can be compared with
the findings of De Santis et al. (2011) using the same recipient
sites (canine maxillary incisors) [24]. They immediately
placed external-type implants in extraction socket with a
dehiscence defect on the labial aspect, performed guided
bone regenerationwith either autogenous bone orDBBMand
a CM, and histologically examined the specimens after 8 and
16weeks of healing.Those authors found thatDBBMparticles
were located above the new alveolar crest of the defect and
were not incorporated with bone matrix after 8 weeks, but
the particles became in close contact with newly formed bone
after 16 weeks. It can therefore be conjectured that DBBM
particles located in the outermost part of the coronal area
would be incorporated into the bone volume over time. A
recent preclinical study also demonstrated that the above-
mentioned immature tissue was capable of being modeled
into bone tissue for implant placement during the early
healing period afterARP [4].However, it is disappointing that
cortex formation still requires a sufficient healing time even
when HIF1A is used.

It was expected that HIF1A would increase angiogenesis
in the socket. BV was slightly higher in the HIF group than
the control group, but there was no significant intergroup
difference. This observation might be explained by several
factors. First, during the surgery, DBBM-C was stabilized
by squeezing into the dehiscence defect, but some scattering
and displacement of the DBBM particles were observed in
the histology and micro-CT analyses. This might have been
due to uncontrolled pressure from the labial side, resorption
of the collagen component in the DBBM-C, and no apical
securement causing micromotion in the graft, since it was
demonstrated that micromotion during the early healing
period could favor fibrous tissue that lacks blood vessels
[25]. Second, no delivery protocol for applying HIF1A has
been verified in medium-sized and large animals. Jiang et al.
(2016) locally injected two different doses of HIF1A (10 and
20𝜇g) and saline daily into a distraction osteogenesis model
in rabbit and found that the 20 𝜇g dose led to the highest
mineralization [15]. The present study is the first to utilize
DBBM-C for carryingHIF1A andHph-1-G4D, and so further
investigations are required.

One of the particularly interesting findings in the present
study is related to the apical healing in both groups. During
the surgery, DBBM-C was placed mainly in the labial defect
area and the upper portion of the socket, and so the apical
area received only a small amount of DBBM-C. After 4
weeks, there was abundant bone formation in the apical
area, in contrast to the middle and coronal areas where
most of the DMMB-C had been placed. This is in line with
previous studies showing a complete filling of woven bone
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in the healing of nongrafted sockets at 4 weeks after tooth
extraction [26, 27] and less woven bone formation in the
socket filled with bone substitute material [28]. Clinically,
these observationsmay question the necessity of apical filling.
It has been clearly demonstrated that the most-susceptible
area for ridge resorption following extraction is confined to
the coronal area of the socket [29].The area below themiddle
of the socket could remain stablewithoutARP, and so focused
filling with a bone substitute material into the upper part of
the socket may be feasible option for ARP.

The labial bone plates of the anterior teeth are prone to
defects resulting from periodontal disease and trauma due
to its natural thinness. In the present study, we therefore
selected anterior teeth and tried to simulate sockets with
defects by creating a dehiscence-type defect on the labial wall.
Also, considering that immediate or early implant placement
might be more straightforward than ARP for a socket with
intact walls, the current model may be more relevant to
many clinical situations. However, it should be noted that the
present study used an acute type of defect, because the healing
capacity differs between sockets with chronic pathologies and
intact sockets [30].

The present study used both histomorphometric and
micro-CT data to evaluate the effects of HIF1A. Although
the general trends of newly formed bone were similar in
these two types of analysis, statistically significant results
were only detected in histomorphometry. The trend was
somewhat opposite for residual bone substitutematerial.This
kind of discrepancy was also previously noted [31]. Micro-
CT analyses sometimes appear to be less sensitive because
they require different ranges of grayscale values to be chosen
for various tissues, and when a bone substitute is mixed with
living bone tissue, the grayscale range for the bone substitute
could overlap that for bone tissue. Care is therefore needed
when interpreting the results from both types of analysis.

5. Conclusion

In conclusion, new bone formation was enhanced histomor-
phometrically when using DBBM-C with HIF1A compared
to DBBM-C alone in sockets exhibiting partial loss of the
labial bone plate.However, clinical relevance of this difference
should be carefully interpreted due to small amount of
difference and short healing period.Moreover, DBBM-Cwith
HIF1A was not superior to DBBM-C alone in preventing
ridge shrinkage in the coronal part of the socket.
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Background.This study aims to analyze the effect of Semelil, an herbal selenium-basedmedicine, on osteogenesis in rabbit calvarium
defects. Methods. Four identical bony defects (8mm) were created in the calvarium of 16 New Zealand male rabbits and filled
randomly with xenogenic bone substitute material (Bio-Oss�) and semelil herbal drug (ANGIPARS�). One site was filled with
Bio-Oss (B); the second site was treated with ANGIPARS (A); the third site was treated with ANGIPARS + Bio-Oss (AB); and
the fourth site was left as untreated control (C) and defects were left unfilled. Rabbits were randomly divided into two groups
(𝑛 = 8) and sacrificed at four and eight weeks. Percentage of new bone formation, type of the newly formed bone, percentage of the
remaining xenograft biomaterial, and foreign body reaction (FBR) were evaluated via histological and histomorphometric analyses.
Results.The percentage of new bone formationwas significantly different among four groups.The highest effect was observed inAB,
followed by A, B, and C groups, respectively. The difference in the mean percentage of new bone formation between four and eight
weeks was significant for all four groups (𝑃 < 0.001). Regarding bone formation, the interaction effect of A and B was significant at
four (𝑃 < 0.001) and eight weeks (𝑃 = 0.002). ANGIPARS alone and in presence of Bio-Oss enhanced new bone formation at both
four and eight weeks (𝑃 < 0.001). The mean amount of new bone formation was significantly different at four and eight weeks in
groups C (𝑃 = 0.008), A (𝑃 < 0.001), B (𝑃 < 0.001), and AB (𝑃 = 0.003). FBR was not observed in any group. Conclusion. Semelil
may be useful as an adjunct to conventional osteoconductive materials in order to enhance osteogenesis.

1. Introduction

Bone graft materials have extensive clinical applications in
medicine and dentistry [1]. Most manufacturers claim to
produce bone graftswith suitable physical, chemical, and bio-
logical properties [2]. Clinicians have always been in search
for high-standard biomaterials to achieve a regenerative and
reconstructive procedure. Autogenous bone is often referred
as the gold standard for regenerative and reconstructive pro-
cedures due to its optimal biological properties. Autogenous
bone grafts (ABGs) may be procured from the iliac crest,
mandibular symphysis, ribs, and tibia orcalvarium [3]. The

biological mechanisms involved in new bone formation at
reconstructed sites include osteoinduction, osteoconduction,
and osteogenesis [4, 5]. Autogenoueos bone has all of these
characteristics. In most cases, all the three mechanisms are
involved in the process of bone regeneration. In fact, osteo-
genesis does not occur completely in the absence of osteo-
conductive and osteoinductive mechanisms. In other words,
simultaneous presence of the three following requirements is
necessary to achieve osteogenesis: (A) presence of osteoblasts
or cells with the potential for differentiation into bone form-
ing cells; (B) presence of osteoinductive stimuli to initiate
the differentiation of mesenchymal cells to osteoblasts; and
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(C) presence of an osteoconductive environment to form a
scaffold for growth and proliferation of preosteoblastic cells
and their differentiation into osteoblasts for new bone forma-
tion. Autogenous bone has some disadvantages and compli-
cations specially unpredictable outcome, postoperative infec-
tion, inadequate quantity, the need for an extra donor site,
patient discomfort, donor sitemorbidity, and graft resorption
[4–6]. A biomaterial possessing the three aforementioned
properties would be most ideal.

To overcome these limitations, alternative biomaterials
have been developed. Bone graft materials available in the
market are mostly osteoconductive rather than osteoinduc-
tive or osteogenic. To date, most previous studies conducted
on bovine bone products like Bio-Oss have shown that this
graft material is biocompatible and mainly osteoconductive.
Bio-Oss is inorganic bovine bone mineral and is known as a
gold standard bone substitute. Its organic content has been
chemically removed and thus can be used in hosts after
sterilization [7, 8].

Semelil (ANGIPARS) is a recently marketed herbal
medicine produced from the extract of Melilotus Ofcinalis
(yellow sweet clover), which belongs to the Fabaceae Legume
Family. ANGIPARS has been recently introduced as an
effective medicine for treatment of diabetic foot ulcer [9]. It
facilitates wound healing, improves the quality of the repair
tissue at the wound site, and decreases the rate of recurrence
[10].This product hasminimal toxicity andnot only decreases
wound size but also improves microvascularization of tissues
[11, 12]. It also contains variable amounts of selenium, urea,
fructose, sodiumphosphoglycerol, 7-hydroxycoumarine, and
flavonoids, which have potent antioxidant and neuroprotec-
tive properties. Since angiogenesis is a key factor in bone
formation and the main mechanism of action of ANGIPARS
is via angiogenesis and increasing the tissue blood flow and
oxygenation [8], we hypothesized that ANGIPARS may be
able to enhance osteogenesis. Therefore, the present study
was undertaken to assess the efficacy of ANGIPARS in
combination with or without Bio-Oss in new bone formation
at the site of bone defects in rabbit calvarium.

2. Materials and Methods

This experimental animal study was approved by the Ethics
Committee of Tehran University of Medical Sciences with
the code number of 91-03-69-14897. Maintenance and care
of experimental animals complied with the internationally
accepted guidelines for the care anduse of laboratory animals.
Sixteen healthy white New Zealand male rabbits with a mean
weight of 2.5 kg were used. Of 16, 8 were sacrificed at four
weeks and the rest at 8 weeks. The sample size was calculated
according to the previous study byRokn et al. [13] considering
80% power and 95% confidence interval (CI). Animals were
kept in the animal room of the Faculty of Pharmacy in
separate cages on a uniform standard feeding regimen for
two weeks prior to the experiment. Semelil (ANGIPARS)
was generously delivered by the ParsRoos Co. (Tehran,
Iran). Bio-Oss bone substitute (0.25mm–1mm granules) was
purchased from Geislitch Pharma AG (Wolhusen, Switzer-
land).

2.1. Surgical Procedure. Animals were anesthetized via intra-
muscular injection of 2% xylazine and 10% ketamine. The
calvarium was scrubbed with 7% Betadine for 5 minutes and
the fur on the surgical site was shaved. After preparation
and draping, the area was scrubbed with 7% Betadine for
5 minutes. Using #15 scalpel, a 10 cm craniocaudal incision
was made and a mucoperiosteal flap was elevated using a
periosteal elevator (Figure 1(a)). To standardize the location
of defects, anatomical landmarks were used, including the
occipital process and the craniocaudal suture. Using a low-
speed handpiece and a trephine burwith an internal diameter
of 7mm and an external diameter of 8mm, four identical
circular defects (two in the frontal and two in the parietal
bone) were created in the calvarium under copious saline
irrigation (Figures 1(b) and 1(c)). Three types of materials
were used to fill three of the defects: (1) ANGIPARS (A), (2)
Bio-Oss with a particle size of 250 to 1000 𝜇m (B), and (3)
ANGIPARS plus Bio-Oss (AB). The fourth defect was left
unfilled and considered as the control. To eliminate bias in
defect location, the sequence of the filling of the defects, two
in frontal bone and two in parietal bone,was varied as follows.
In the first rabbit, the defects were treated randomly with the
three aforementionedmaterials and the fourth defect was left
unfilled as the control. Then these positions were changed
rotationally (clockwise) for the other rabbits (Figure 1(d)). All
locations were recorded on charts. Following placement of
thematerials, the periosteum and the calvarial skin were then
suturedwith 4.0 vicryl (Ethicon, Somerville,NJ,USA) and 3.0
nylon (Ethicon, Somerville, NJ, USA), respectively (Figures
1(e) and 1(f)). Animals were transferred to a room with
37∘C temperature for recovery and 0.1ml of ketoprofen was
administered daily for three days to control pain and swelling.
0.6ml of enrofloxacin (Baytril, Bayer Corp., Shawnee, KS,
USA)was also administered subcutaneously for 5 days.Of the
16 rabbits that were operated, eight (group 1) were sacrificed
randomly after four and the remaining eight (group 2) after
eight weeks by injection of 2mL sodium thiopental into their
marginal auricular venules.The calvariumwas resected using
a saw and fixed in 10% buffered formalin for histological
analysis (Figure 1).

2.2. Laboratory Phases. Specimens were separately stored
in 10% formalin for two weeks for complete fixation and
were then immersed in 10% nitric acid solution for one
week. They were evaluated daily during this time period
to control decalcification. Specimens were then immersed
in 20% lithium carbonate for neutralization. The defects
were then sectioned from their longest diameter horizontally
and coded by a three-digit code. The left digit indicated
the evaluation time point (4 or 8 weeks), the middle digit
indicated the respective rabbit (number 1 to 8), and the right
digit indicated the respective defect [AB (ANGIPARS + Bio-
Oss), A (ANGIPARS), B (Bio-Oss), and C (control)]. Paraffin
embedded blocks were routinely prepared; 3𝜇m slices were
sectioned for hematoxyline and eosin (H & E) staining and
further histolgical/histomorphometric analyses.

2.3.Histological andHistomorphometricAnalyses. Specimens
were observed under a light microscope (BX-41, Olympus,
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(a) (b) (c)

(d) (e) (f)

Figure 1: Surgical Procedure. (a) 10 cm craniocaudal incision was made and a mucoperiosteal flap was elevated (b, c). Four identical circular
defects (8mm in diameter, two in the frontal and two in the parietal bone) were created in the calvarium using a trephine bur (d). The
defects were filled with ANGIPARS, ANGIPARS plus Bio-Oss, and Bio-Oss alone and the other one is left empty (e, f). The periosteum and
the calvarial skin were then sutured with 4.0 vicryl (Ethicon, Somerville, NJ, USA) and 3.0 nylon (Ethicon, Somerville, NJ, USA) sutures,
respectively.

Japan) by a pathologist blinded to the coding of specimens.
The following parameters were evaluated in the specimens
and scored.

2.3.1. Foreign Body Reaction (FBR). This phenomenon was
determined based on the presence of giant cells and granulo-
matous reaction at ×40 magnification. Presence of FBR was
categorized as follows:

Score 0: 0 foci
Score 1: 0–10 foci
Score 2: 10–20 foci
Score 3: More than 20 foci

2.3.2. BoneVitality. This parameter was determined based on
the presence of osteocytes inside trabecular bone lacunae at
×40 magnification and categorized as vital or non-vital.

2.3.3. Type of Newly Formed Bone (NFB). Order and orien-
tation of collagen fibers in the NFB were evaluated under
polarized light at ×40 magnification. A type of NFB was
categorized as follows:

Score I: woven bone alone
Score II: both lamellar and woven bone
Score III: lamellar bone alone
Score IV: osteoid formation

2.3.4. Percentage of NBF. This measurement defines the
percentage of the entire defect occupied by the NFB. To
calculate the percentage of new bone formation, histological
sections were photographed at×40magnification via a digital
camera (E8400, Nikon, Japan). Using Iranian histomorpho-
metric software version 1 (SBMU, Tehran, Iran), the mean
percentage of areas occupied by bone was calculated.

2.3.5. Percentage of Remaining Biomaterial. This defines the
percentage of total defect occupied by Bio-Oss particles. To
calculate this variable, digital photographs were obtained of
H&E stained histological slides at ×40 magnification and
the mean percentage of areas occupied by the biomaterial
was calculated using the Iranian histomorphometric analysis
software version 1.

2.3.6. Location of Osteogenesis in Defects

Grade 1: central
Grade 2: marginal
Grade 3: central and marginal

2.4. Statistical Analysis. The quantitative variables were
reported as mean and standard deviation and as raw number
and percentage. To compare qualitative data among the four
groups (A, B, AB, and C), Fisher’s Exact test was used. To
analyze the effect of application of Bio-Oss and ANGIPARS
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Table 1: Percentage and type of the NFB in examined defects.

Group
Time/NFB type

4 weeks 8 weeks
Lamellar Woven Woven-Lamellar Lamellar Woven Woven-Lamellar

Control 0 100% (8) 0 75% (6) 12.5% (1) 12.5% (1)
Bio-Oss 0 100% (8) 0 75% (6) 0 12.5% (2)
AngiPars 0 0 100% (8)a 62.5% (5) 0 37.5% (3)
AngiPars + Bio-Oss 0 0 100% (8)a 100% (8) 0 0
aAt four weeks in the ANGIPARS groups (alone or combined), lamellar bone formation was observed.The percentage of new bone formation at the center and
margin of each defect is shown in Table 2.

Table 2: The mean percentage and standard deviation of NFB at the center and margin of defects.

Mean %NFB (standard deviation)
4 weeks 8 weeks

Center Margin Center Margin
Control 5.87 (7.05) 21.67 (1.79) 22.08 (13.20) 31.72 (6.23)
Bio-Oss 14.56 (5.29) 33.90 (5.42) 35.93 (8.60) 51.19 (6.11)
ANGIPARS 20.15 (8.96) 33.42 (4.15) 43.75 (6.57) 53.64 (6.31)
ANGIPARS + Bio-Oss 22.64 (9.54) 35.50 (5.65) 41.60 (11.58) 61.57 (7.65)
Although the most bone formation is observed in combination with ANGIPARS and Bio-Oss in the fourth week especially in center of the defect. ANGIPARS
alone was more effective than Bio-OSS alone in both 4 and 8 weeks.

on quantitative variables, including new bone formation,
two-way ANOVAwas used. Student’s 𝑡-test was applied when
the interaction effect of the two factors was significant. The
distribution of percentage of the remaining biomaterial was
not normal. Thus, the effect of the two factors was analyzed
using Mann Whitney 𝑈 test, separately. 𝑃 < 0.05 was con-
sidered statistically significant.

3. Results

During the postoperative period, none of the animals were
lost. Eight of the rabbits were sacrificed randomly at four
weeks and the remaining eight at eight weeks, 16 Bio-Oss,
16 ANGIPARS plus Bio-Oss, 16 ANGIPARS, and 16 empty
defects were evaluated. The FBR was not observed in any
specimen. Giant cells or granulomatous reaction were not
seen in any defect. All the NFB in defects was vital.

At four weeks, lamellar bone was not seen in any defect
while woven-lamellar bonewas only seen inA andAB groups
(Figure 2). At eight weeks, all defects in AB group were of
lamellar bone (Figure 3) (Table 1). According to Fisher’s exact
test, the difference in the type of the NFBat four and eight
weekswas significant in the control (𝑃 = 0.001), Bio-Oss (𝑃 <
0.001), ANGIPARS (𝑃 = 0.02), and ANGIPARS + Bio-Oss
(𝑃 < 0.001) groups.

The percentage of total NBF is demonstrated in Table 3.
According to two-way ANOVA, the interaction effects of
materials in defects are shown in Table 3.

Based on 𝑡-test, themean percentage ofNBFbetween four
and eight-week time points was significant in the control (𝑃 <
0.001), B (𝑃 < 0.001), A (𝑃 < 0.001), and A + B (𝑃 < 0.001)
groups.

3.1. Percentage of Remaining Biomaterial. At four weeks, in
group B, the mean, maximum, and minimum percentages
of remaining Bio-Oss biomaterials were 23.15, 26.75, and
6.90, respectively. At eight weeks, these rates were 4.16, 10.58,
and 1.05, respectively. In group AB, the mean, maximum,
and minimum percentage of remaining BioOss were 23.40,
28.33, and 4.44, respectively, at four weeks and 7.29, 9.87, and
2.13, respectively, at eight weeks. The change was statistically
significant at four (𝑃 < 0.001) and eight (𝑃 < 0.001) weeks.

3.2. Location of Bone Formation in the Defects. Based on
Fisher’s exact test, the difference in location of bone formation
was significant at four (𝑃 = 0.008) but not significant at
eight weeks (𝑃 = 1.00) among groups. At four weeks, four
specimens in group C only demonstrated marginal bone
formation.The remaining samples showed bone formation at
the center and themargins. At eightweeks, only one specimen
in group C did not show bone formation at the center. The
remaining specimens demonstrated bone formation at the
center and the margins.

4. Discussion

Many techniques have been recently introduced to enhance
bone regeneration [14]. A bone substitute is necessarily
required to enhance bone regeneration and healing in bony
defects. Autogenous bone graft as the gold standard tech-
nique is mainly associated with donor site morbidity, graft
resorption, limited quantity, and patient discomfort [15, 16].
One solution is to use bone substitute materials alone as
an osteoconductive scaffold for regeneration of bone filling
defect [17]. Thus, demand for nonautogenous bone grafts is
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Table 3: The interaction effect of ANGIPARS and Bio-Oss on NFB.

NFB in four weeks NFB in eight weeks
Mean ± SD P value Mean ± SD P value

(1) Presence of Bio-Oss Presence of ANGIPARS 31.34 ± 3.28a 0.005 54.93 ± 6.02
0.004

Absence of ANGIPARS 26.44 ± 2.55 46.11 ± 4.20

(2) Absence of Bio-Oss Presence of ANGIPARS 29.00 ± 2.31
<0.001 5.37 ± 5.36

<0.001
Absence of ANGIPARS 16.30 ± 2.36 30.25 ± 2.43

(3) Presence of ANGIPARS Presence of Bio-Oss 31.34 ± 3.28 0.12 54.93 ± 6.02 0.13
Absence of Bio-Oss 29.00 ± 2.31 50.37 ± 5.36

(4) Absence of ANGIPARS Presence of Bio-Oss 26.44 ± 2.55
<0.001 46.11 ± 4.20

<0.001
Absence of Bio-Oss 16.30 ± 2.36 30.25 ± 2.43

aAs demonstrated, ANGIPARS has more synergic effect than BiO-Oss on NBF. Row 1. In presence of Bio-Oss, ANGIPARS showed a significant synergism
effect on NBF both in 4 and 8 weeks even in the absence of Bio-Oss. Row 2. Even in absence of Bio-Oss, presence of ANGIPARS showed a significant effect on
NBF in both 4 and 8 weeks. Row 3. In presence of ANGIPARS, Bio-Oss had no significant synergic effect on NBF in both 4 and 8 weeks. Row 4. In absence of
ANGIPARS, Bio-Oss showed a significant effect on NBF in both 4 and 8 weeks.

(a) (b)

(c) (d)

Figure 2: Bone formation at 4 weeks in samples at ×40 magnification (black arrow = regenerated bone; blue arrow = remaining grafting
material). (a) Control, (b) Bio-Oss sample, (c) ANGIPARS, and (d) ANGIPARS plus Bio-Oss. As shown, the most trabecular bone pattern
was seen in ANGIPARS plus Bio-Oss group.

increasing due to availability, ease of storage, and sterility [18–
20].

Our study is the first animal study to assess the efficacy
of Semelil (ANGIPARS) in osteogenesis alone and in com-
bination with Bio-Oss, a popular bone graft substitute, in
order to assess if this material can promote bone formation.
Systemic application of ANGIPARS has no adverse effect
on bone formation [21]. Results of an animal study showed

that, during the study period, no significant difference existed
in biochemical or hematologic parameters between the test
and control groups. Evidence shows that ANGIPARS is well
tolerated and has no adverse effects on the function of body
organs in subacute and chronic toxicity tests [22].

In the current study, the efficacy of ANGIPARS with
and without Bio-Oss for bone regeneration in experimentally
created defects was compared in rabbit calvarium. Rabbit



6 BioMed Research International

(a) (b)

(c) (d)

Figure 3: Bone formation at 8 weeks in samples at ×40 magnification (black arrow = regenerated bone; blue arrow = remaining grafting
material). (a) Control, (b) Bio-Oss sample, (c) ANGIPARS, and (d) ANGIPARS plus Bio-Oss. As observed, the most trabecular bone pattern
was seen in ANGIPARS plus Bio-Oss group.

cranial defects are the first choice as a bone model for bone
grafting and bone regeneration studies because they provide
adequate bone marrow that facilitates bone formation [23,
24]. The cranium of a rabbit is larger than that of rats
and a greater number of defects can be created in a rabbit
calvarium. Therefore, the duration of surgery, the costs, and
the visual errors can be decreased. The bone remodeling
phase occurs three times faster in rabbits than in humans [24–
28]. Thus, two- to four-week recovery period is considered
adequate for evaluation of the early response. Eight weeks or
longer time intervals can be considered for evaluation of the
delayed phase of healing, that is, suture closure, biomaterial
resorption, bone remodeling, or rate of bone regeneration
[24–28].

Although, in the experimental defects, osteogenesis was
noted in the 8mm control defects, it was significantly less
than that of other groups. This finding may be due to the
suturing of the thick periosteum of the rabbit calvarium over
the experimental defects,mimicking the effect of guided bone
regeneration (GBR). Bone regeneration is the basis ofGBR. In
this process, the blood clot is stabilized, defect space is main-
tained, and the surgical site does not undergo mechanical
loading [29, 30]. Accordingly, NBFwas significantly higher in
groupsA, B, andAB at four and eightweeks than that of group
C. This demonstrated the positive effect of experimental
materials used in our study. Thus, we believe that creating
four circular defects (8mm in diameter) in rabbit calvarium

provides a suitable model for evaluation of the healing
phase and comparison of the efficacy of different materials
simultaneously in order to decrease individual variations in
experimental studies. Results obtained in such conditions can
better be generalized to human periodontal lesions because,
in the clinical setting, periodontal bone defects around teeth
usually have dimensions smaller than 8mm [31–33].

In the current study, a significant difference was observed
regarding the overall percentage ofNBF at both four and eight
weeks in the following order from the highest to the lowest:
AB >A > B > C. However, assessment of NBF at the center of
defects revealed the following order: AB > A > B > C and A
> AB > B > C at four and eight weeks, respectively.

Previous studies have demonstrated that Bio-Oss is a
osteoconductive biocompatible graft material that can pro-
mote bone formation [13, 31, 32]. Lindhe et al. demonstrated
that percentage of Bio-Oss particles decreased over time
indicating their replacement with host bone in the long
term [20]. In the current study, NBF in the Bio-Oss group
was significantly higher than in the control group, which
is in accordance with the aforementioned studies. However,
there are some studies reporting that Bio-Oss is resistant
to resorption and its particles may remain in the graft site
up to four years [32]. Khorsand et al. found no significant
difference in this regard between the Bio-Oss and control
groups at four, six, and eight weeks [34]. In the current study,
ANGIPARS alone significantly increased NBF in both the
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center and margins of defects compared to the Bio-Oss and
control groups. Melilotus, coumarin, and flavonoids are the
main constituents of ANGIPARS. It has been demonstrated
that coumarin and vitamin K products increase osteogenic
markers, that is, osteocalcin and alkaline phosphatase (ALP),
and probably decrease urinary calcium and secretion of
hydroxy proline (bone loss markers) [21].

Tang et al. demonstrated that a coumarin derivative
stimulates NBF following local subcutaneous injection into
the calvarium and could increase the biomechanical bone
strength. It also increased osteoblastic differentiation under
in vitro conditions via the bone morphogenetic protein-
2 (BMP-2) and Wnt/𝛽-catenin signaling pathways. BMP-
2 bonds to receptors on the surface of bone cells and
phosphorylates SMAD 1/5/8; as a result, some specific bone
genes are expressed [35]. Ostholeinhibits bone resorption
by its estrogen-like effects on ovariectomized rats, facilitates
osteoid formation and mineralization [36, 37]. Chen et
al. (2005) indicated the positive effects of flavonoids on
improving bone strength, enhancing bone cell proliferation,
and osteogenic differentiation of mesenchymal stem cells
[38]. Xiao et al. (2014) demonstrated that flavonoids stimu-
lated the proliferation and differentiation of preosteoblasts.
Flavonoids significantly enhanced cell proliferation, activated
ALP, and increased the expression of osteoprotegerin mRNA
(OPG/RANKL) in mouse osteosarcoma cells [39].

Although a higher overall bone formation was found
in the AB group during study. Assessment of the center of
defects revealed a higher bone formation in this area in group
A at the end of the course of study. These findings emphasize
the direct effect of ANGIPARS on bone formation and its
ability to enhanceNBFwhen applied alone or in combination
with Bio-Oss.

The authors believe that higher rate of osteogenesis
in the ANGIPARS and ANGIPARS plus Bio-Oss groups
may be attributed to the effect of 7-hydroxy coumarin and
flavonoids as themain constituents of ANGIPARS. A possible
mechanism is the increased expression of BMP-2 and its
effect on proliferation and differentiation of preosteoblastic
cells at the defect site. According to a study by Gao et al.
(2013), appropriate concentrations of 7-methoxy-8-isopentyl
coumarin not only increase cell proliferation but also induce
the differentiation of periodontal ligament progenitor cells
like the mesenchymal stem cells [40].

In our study, at both four and eight weeks, both ANGI-
PARS groups (A and/or AB) demonstrated higher formation
of lamellar bone. This may be attributed to the presence
of coumarins in ANGIPARS. Coumarins can induce the
secretion of extracellular matrix, increase the uptake of
calcium by the matrix, and enhance collagen type I secretion
by increasing ALP activity in the cells, the matrix, and the
formation of osteoblastic vesicles leading to mineralization
[40] which could enhance the speed of bone maturation.

According to a study by Lin et al. (2014), BMP-2 enhances
the proliferation and differentiation of mesenchymal stem
cells and bone regeneration [41]. Since coumarins and
flavonoids are themain constituents of ANGIPARS, theymay
induce osteogenesis via BMP-2, signaling pathways, which
cause enhanced bone remodeling and maturation of defects

filled with ANGIPARS. Studies have demonstrated that Bio-
Oss is an osteoconductive bone substitute with the surface
porosities that provide a suitable matrix for osteogenic cells
that promote bone formation [13, 31, 32].Thus, it is suggested
that Bio-Oss combined with ANGIPARS can be a suitable
composite graftmaterial that not only increases the amount of
NBFbut also improves the quality andmaturation of theNFB.

In this study, all the NFB in all defects was vital with no
FBR. FBR or giant cells were not seen in the Bio-Oss defects;
this is in line with some previous studies demonstrating
that Bio-Oss is a biocompatible material that does not cause
FBR [31, 32, 42, 43]. In contrast, other previous studies have
shown presence of osteoclasts at the Bio-Oss graft area [42–
44]. In a study by Rokn et al., all the defects in the Bio-
Oss group showed mild FBR at four and eight weeks [33,
45]. Tapety et al. in a similar study on rabbits reported the
presence of osteoclasts at 14 days in the Bio-Oss group [46];
this is not in line with the current study results. Literature
review shows that flavonoids are capable of causing osteo-
clastic apoptosis and preventing bone loss [12, 47]. Moreover,
coumarin has inhibitory effects on phagocytic activity and
subsequent production of nitric oxide and metabolism by
phagocytes [12]. Since ANGIPARS contains variable amounts
of coumarin and flavonoid compounds, the authors believe
that osteoclastic apoptosis caused by flavonoids and the
inhibitory effects of coumarin can neutralize the FBR in
ANGIPARS groups [8]. Besides, Bao et al. found that some
of the ANGIPARS constituents can inhibit osteoclastogenesis
by decreasing the resorption capacity of osteoclasts [48].

In our study, biomaterial remnants were assessed in the
Bio-Oss groups (B and AB).This percentage was slightly (but
not significantly) higher in the AB compared to the B group.
A previous study demonstrated that Magnolia Ofcinalis
decreased the number of leukocytes and polymorphonuclear
cells in wounds and, subsequently, inhibited acute inflamma-
tion with its anti-inflammatory effect [12]. Considering the
anti-inflammatory properties of ANGIPARS and consequent
prevention of osteoclastic activity, this material can prevent
Bio-Oss resorption; thus, the percentage of remaining bioma-
terials is expected to be higher in the AB group.

The current study showed that ANGIPARS not only
promoted bone formation alone but also had a synergistic
effect on both formation and maturation of new bone when
applied along with Bio-Oss. It may be a suitable adjunct to
confer osteogenic properties to materials like Bio-Oss, which
are osteoconductive and space maintaining. Future human
studies and clinical trials are required to assess the efficacy of
ANGIPARS alone or as an adjunct to Bio-Oss and other con-
ventionally used bone graft substitutes in the clinical setting.

5. Conclusion

Within the limitations of this animal study, ANGIPARS may
be further examined as an adjunct to Bio-Oss for the purpose
of enhancing bone healing and augmentation of bony defects.
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and M. Puia, “Effects of Melilotus officinalis on acute inflam-
mation,” Phytotherapy Research, vol. 16, no. 4, pp. 316–319, 2002.

[13] A. R. Rokn, M. A. Khodadoostan, G. A. A. R. Rasouli et al.,
“Bone formation with two types of grafting materials: A histo-
logic and histomorphometric study,” Te Open Dentistry Jour-
nal , vol. 5, no. 1, pp. 96–104, 2011.

[14] C. B. Lopes, M. T. T. Pacheco, L. Silveira Jr., J. Duarte, M. C. T.
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Brånemark implants in the treatment of the severely resorbed
maxilla: a 2-year longitudinal study,” Implant Dentistry, vol. 8,
no. 1, pp. 45–53, 1993.

[17] H. Burchardt, “The biology of bone graft repair,” Clinical
Orthopaedics and Related Research, vol. 174, pp. 28–42, 1983.

[18] E. Kauschke, E. Rumpel, J. Fanghänel, T. Bayerlein, T. Gedrange,
and P. Proff, “The in vintro viability and growth of fibroblasts
cultured in the presence of different bone grafting materials
(NanoBone� and Straumann Bone Ceramic�),” Folia Morpho-
logica, vol. 65, no. 1, pp. 37–42, 2006.

[19] R. Haas, K. Donath, M. Födinger, and G. Watzek, “Bovine hyd-
roxyapatite for maxillary sinus grafting: comparative histomor-
phometric findings in sheep,” Clinical Oral Implants Research,
vol. 9, no. 2, pp. 107–116, 1998.

[20] J. Lindhe, D. Cecchinato, M. Donati, C. Tomasi, and B. Liljen-
berg, “Ridge preservation with the use of deproteinized bovine
bonemineral,”Clinical Oral Implants Research, vol. 25, no. 7, pp.
786–790, 2014.

[21] S. Hasani-Ranjbar, Z. Jouyandeh, M. Qorbani, M. Hemmata-
badi, and B. Larijani, “The effect of semelil (angipars�) on bone
resorption and bone formation markers in type 2 diabetic pa-
tients,” DARU Journal of Pharmaceutical Sciences, vol. 20, no. 1,
article no. 84, 2012.

[22] M. Abdollahi, B. Farzamfar, P. Salari et al., “Evaluation of
acute and sub-chronic toxicity of Semelil (ANGIPARS�), a new
phytotherapeutic drug for wound healing in rodents,” DARU
Journal of Pharmaceutical Sciences, vol. 16, no. 1, pp. 7–14, 2008.

[23] E.Newman,A. S. Turner, and J. D.Wark, “Thepotential of sheep
for the study of osteopenia: current status and comparison with
other animal models,” Bone, vol. 16, no. 4, pp. S277–S284, 1995.
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Aim. To analyze the effect of threemitogen-activated protein kinase (MAPK) inhibitors, namely, SB202190 (p38 inhibitor), SP600125
(JNK inhibitor), and PD98059 (ERK inhibitor) in Dex-stimulated MDPC-23 cell differentiation and mineralization. Methods.
Experiment was divided into five groups, control (cells without Dex and inhibitors treatment), Dex (cells with Dex treatment
but without inhibitors), Dex + SB202190, Dex + SP600125, and Dex + PD98059. Cell differentiation was assessed by alkaline
phosphatase (ALP) activity assay and real time RT-PCR. Cell mineralization was investigated by alizarin red staining. Results.
Exposure to SB202190 (20𝜇M) significantly decreased the mineral deposition in Dex-treated cells as demonstrated by alizarin red
staining. Treatment of SP600125 (20𝜇M) attenuated the mineralization as well, albeit at a lower degree as compared to SB202190
(20𝜇M). Similarly, SB202190 (20 𝜇M) completely abrogated the ALP activity stimulated by Dex at six days in culture, while no
changes were observed with regard to ALP activity in SP600125 (20𝜇M) and PD98059 (20 𝜇M) treated cells. The upregulation of
bone sialoprotein (BSP), ALP, and osteopontin (OPN) in Dex challenged cells was completely inhibited by SB202190. Conclusion.
Blockade of p38-MAPK signaling pathway resulted in significant inhibition of ALP activity, mineralization, and downregulation
of osteogenic markers. The data implicated that p38 signaling pathway plays a critical role in the regulation of MDPC-23 cells
differentiation and mineralization.

1. Introduction

Both bone and dentine are mineralized tissues, meaning
their formation is defined by mineral crystal deposition
onto organic matrix (mostly type I collagen) produced by
osteoblasts or odontoblasts. Disorders that interrupt the
normal mineralization process of the two tissues lead to
abnormal phenotype, which seriously impair the life quality
of people. For instance, osteogenesis imperfecta (OI) is a typ-
ical bone disease caused by the mutations in type I collagen;
the patients tend to suffer bone fractures when subjected to
only minor trauma. Another example is rickets, a defective
mineralization of bone due to the lack of phosphates at the
epiphyseal growth plate and mineralizing bone surfaces [1].
On the other hand, unlike bone, dentine becomes accessible

to external environment with increase of time, which put it
at higher risk of bacterial infection or injury. As the sensory
center-dental pulp is just beneath dentine, loss of dentine not
only destroys the integrity of a tooth but also deprived the
pulp of a complete and healthy structural support. Therefore,
elucidation on the underlying mechanism during the process
of dentine mineralization is of profound importance for the
development of novel dentin regeneration reagents.

Mitogen-activated protein kinases (MAPKs) are a family
of conserved serine/threonine protein kinases, which con-
tribute to a variety of cellular activities, such as proliferation
[2], differentiation, migration, apoptosis, senescence [3],
and stress response [4]. Typical MAPKs members include
extracellular signal regulated kinase (ERK1/2 or p44/42),
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c-Jun N-terminal kinases 1-3 (JNK1-3), and p38 isoforms
(p38𝛼, 𝛽, 𝛾, and 𝛿). Since its discovery nearly three decades
ago [5], MAPKs have been revealed as key players in
osteoblast and odontoblast commitment and differentia-
tion [6–9]. Based on the findings, it is thus proposed by
researchers that targeting the MAPKs may offer a novel
therapeutic approach for regeneration of hard tissue [10, 11].

Under the in vitro condition, osteoblast or odontoblast-
like cells do not spontaneously undergomineralization in the
absence of any extra induction factors. When grown in the
presence of synthetic glucocorticoid dexamethasone (Dex),
ascorbic acid (AA), and 𝛽-glycerophosphate (𝛽-GP), cells
differentiate and produce mineralizing nodules over time
[12]. Specifically, AA increases the production of collagen
matrix [13]; 𝛽-GP acts as a source of inorganic phosphate
ions [14]; Dex, a synthetic glucocorticoid, exhibits potent
osteogenic andmitogenic effect [15]. In the preliminary study
using the three reagents, we observed that Dex (10 nM,
100 nM) accelerated mineralization of MDPC-23 cell in the
presence of 𝛽-GP (10mM). The potent influence of Dex in
the mineralization of MDPC-23 cell prompted us to study
the potential signaling pathways that might be involved. To
elucidate the effect of the three MAPKs in the differentiation
and mineralization process stimulated by Dex, we used
commercially available pharmacological inhibitors specific
to p38 (SB202190), JNK (SP600125), and ERK (PD98059) to
treat the cells prior to the addition of Dex stimulant. Cell
differentiation and mineralization were analyzed.

2. Materials and Methods

2.1. Cell Culture. Rat odontoblast-like cell line (MDPC-23
cell) [16] was generously provided by Professor Jacques E.
Nör (University of Michigan). The cells are cultured in
Dulbecco’s modified eagle’s medium (DMEM,D5796, Sigma)
supplemented with 5% heat-inactivated fetal bovine serum
(FBS, 10270-106, Gibco) at 37∘C in a humidified atmosphere
and 5%CO

2
. Cells were plated at the density of 1× 104/mL and

1.25 × 104/mL in 24-well (Tissue culture treated polystyrene,
Iwaki) and 12-well plates (Tissue culture treated polystyrene,
Falcon), respectively. Mineralization reagent including 𝛽-
GP (10mM) (191-02042, Wako), AA (50 𝜇g/mL) (013-19641,
Wako), and Dex (100 nM) (D2915, Sigma) in DMEM (5%
FBS) was added on day five, when cells reached confluence.

2.2. Mineralization Assay. To investigate the calcific depo-
sition in response to three MAP kinase inhibitors, MDPC-
23 cell were inoculated in 24-well plate at the density of 1 ×
104/mL and cultured for five days in DMEM supplemented
with 5% FBS (𝑛 = 3). On day five, cells were challenged
with the three inhibitors (SB202190, SP600125, and PD98059)
(Cell Signaling Technology) for 2 h in serum free DMEM.
Inhibitors containing media were replaced with mineraliza-
tion inducing media including 𝛽-GP, AA, and Dex. Control
wells represent cells treated by both 𝛽-GP and AA, but
without Dex. On day eight, the mineralization was observed
by alizarin red staining and quantified using cetylpyri-
dinium chloride (CPC) (C0732-100G, Sigma-Aldrich) extrac-
tion method. Briefly, cell monolayer was gently washed by

phosphate-buffered saline (PBS) (10010049, Gibco) and fixed
in 10% formalin neutral buffer solution (060-01667, Wako)
at room temperature for 20min. Afterwards, the monolayer
was rinsed by distilled water once prior to staining by 200𝜇L
alizarin red s (1%, w/v, pH 4.1 in water) (011-01192, Wako) per
well. The cells were incubated with alizarin red s solution at
room temperature for about 5min. Extra dye was discarded,
and thewellswerewashed quicklywith distilledwater for four
to five times and after that washed with distilled water for 2 h
with gentle shaking until the water became transparent. The
mineralization noduleswere visualized by an inverted camera
(Canon) in a digital photograph system (Funakoshi). For
quantification of staining, 800𝜇L CPC (10%, w/v, in water)
was poured to each well, and the plates were incubated at
37∘C for 2 h. After incubation, the transparent CPC solution
turned into purple and was transferred into 96-well plate
(200𝜇L/well) for absorbance reading at 570 nm.

2.3. ALP Activity. The cells were maintained in 12-well
plate at the initial seeding concentration of 1.25 × 104/mL
(2mL media/well) for five days. On day five, the three
inhibitors were added to cells for 2 h. After incubation
with the inhibitors, media were aspirated and replaced by
mineralization inducing media (𝛽-GP, AA, and Dex). Cells
were cultured for another day and lysed by 0.1% Triton-X-
100 (T8787, Sigma) and sonicated on ice for 10min at day
six. The cell lysates were centrifuged and supernatant was
collected for ALP activity assay and protein quantification.
Specifically, before conducting the ALP assay (LabAssay�
ALP, Code number 291-58601, Wako), the collected super-
natant was diluted by 100 times in ultrapure water. In
parallel, standard solution was prepared by series dilution
of 0.5mmol/L p-nitrophenol (0, 0.0625, 0.125, 0.25, and
0.5mmol/L). The reaction mixture was constituted by 20𝜇L
of the diluted samples or standard solution and 100 𝜇L of
the p-nitrophenylphosphate substrate. Prior to incubation,
the mixture was thoroughly mixed using plate mixer for
1min. After incubation under 37∘C for 15min, the reaction
was terminated by addition of 0.2mol/L sodium hydroxide.
Absorbance was read at 405 nm. The calculated ALP activity
was divided by protein concentration, which was quantified
using Pierce BCA assay kit, to avoid the influence of protein
amount variation.

2.4. Real Time RT-PCR. Cells were seeded into 12-well
plate at the initial density of 1.25 × 104/mL. On day five,
cells were exposed to the three inhibitors (20𝜇M) for 2 h;
mineralization reagent was added after inhibition treatment
on the same day. On day seven, total RNA was purified
from cells in 12-well plate (𝑛 = 3) using Trizol� reagent
(Invitrogen, Carlsbad, CA, USA) according tomanufacturer’s
instruction. The concentration of RNA was determined
using a Nanodrop 2000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA). One microgram puri-
fied RNA was treated with RNase inhibitor and reverse
transcribed into complementary DNA (cDNA) in a 20𝜇L
reaction system by theMoloneyMurine Leukemia Virus (M-
MLV) reverse transcriptase (1𝜇g RNA;DNase andRNase free
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Figure 1: Effects of blockade of p38, JNK, or ERK activation on mineralizing nodules formation. Cells were cultured in control medium (𝛽-GP
and AA) or mineralization medium (𝛽-GP, AA, and Dex) or mineralization medium supplemented with SB202190, SP600125, or PD98059.
Alizarin red staining was performed on day eight as described under Materials and Methods Section 2.2. Addition of Dex significantly
accelerated mineralization, as staining was hardly observable in control containing only 𝛽-GP and AA (a). SB202190 inhibits mineralization
in a concentration-dependent manner ((a) and (b)). SP600125 slightly attenuates the mineralization at the concentration of 20 𝜇M. PD98059
(1 𝜇M) marginally decreased the mineralization, while PD98059 in the other concentration groups did not impact it (∗𝑝 < 0.05; ∗∗𝑝 < 0.01;
differences were given out as compared to Dex group).

water; 1 𝜇L Oligo (dT) (18418-012, Invitrogen); 4𝜇L dNTP
mixture (2.5mM each, 4030, TaKaRa); 1 𝜇L RNase inhibitors
(40U/𝜇L) (Cat#2313A, TaKaRa); 4 𝜇L 5x first strand buffer
(Invitrogen, Carlsbad, CA, USA); 2𝜇L 0.1M dithiothreitol
(DTT, Invitrogen); 1 𝜇L Moloney Murine Leukemia Virus
(M-MLV) enzyme (200U/𝜇L) (REF 28025-013, Invitrogen)).
Following the synthesis of cDNA, real time PCR was carried
out in a LightCycler Nano� (Roche) system using FastStart
Essential DNA Probes Master (2x) (Roche). Target gene
expression was normalized by housekeeping gene 𝛽-actin.
The mean value for the control group was taken to be
100% of mRNA expression and served as a reference. The
detailed information for primers and real time PCR reaction
conditions are listed in Table 1.The SYBR green amplification
reaction consisted in an initial denaturation of 10min at 95∘C,
followed by 50 cycles of 15 s at 95∘C (denaturation), 30 s at
annealing temperature (see Table 1 for each set of primer),
and 30 s at 72∘C (extension). The 2−ΔΔCt method was used to
calculate relative gene expression.

2.5. Statistical Analysis. Data are presented as average ±
standard deviation (SD).The statistical analysis of differences
among the groups was analyzed by post hoc Tukey HSD test
at a 5% level of significance.

3. Results

3.1. Mineralization Assay. The potential effect of the three
inhibitors on calcific deposition in MDPC-23 cell was
explored using alizarin red staining.The staining photograph
(Figure 1(a)) showed that 2 h exposure to SB202190, the
p38 inhibitor, leads to a significant reduction of mineral
deposition stimulated by Dex; the mineralization of cells
treated by SB202190 decreased in a concentration-dependent
manner (Figure 1(b)). Particularly, a concentration of 20𝜇M
almost completely blocked the mineral deposition of cells
(optical density 0.14 ± 0.01 versus 0.09 ± 0.00 of control, 𝑝 <
0.01). On the other hand, although SP600125 exhibited min-
eralization inhibition activity, the influence wasmuchweaker
as compared to SB202190: SP600125 (20𝜇M) (optical density:
0.49 ± 0.02) only inhibits 35% of the mineralization induced
by Dex (0.76 ± 0.12). With regard to the cells treated by
PD98059, slight decrease of mineralization was observed in
the group of 1𝜇M(0.58±0.02 versus 0.76±0.12 in Dex group,
𝑝 < 0.01). No statistical differences were found between
Dex group and the other PD98059 (0.1, 10, and 20 𝜇M)
groups.

3.2. ALP Activity. The ALP activity was markedly aug-
mented by Dex at the concentration of 100 nM (1.52 ±
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Figure 2: Inhibition of ALP activity by SB202190 in MDPC-23 cell. ALP activity on day six was determined as described under Materials and
Methods.The results represent average ± SD of cultures (𝑛 = 4). ALP activity in cultured treated with SP600125 (20 𝜇M) or PD98059 (20𝜇M)
alone was similar to those of Dex group. On the contrary, treatment of cells using SB202190 completely inhibited the ALP activity stimulated
by Dex (a-b indicate significant differences between different characters, 𝑝 < 0.01).

0.11 units/𝜇g protein versus 0.85 ± 0.03 units/𝜇g protein of
control, 𝑝 < 0.01) (Figure 2). This upregulation of was com-
pletely hindered by the addition of SB202190 (20𝜇M) (0.80 ±
0.01 units/𝜇g protein). The addition of SP600125 (1.40 ±
0.03 units/𝜇g protein) or PD98059 (1.58 ± 0.07 units/𝜇g
protein) did not impact the ALP activity stimulated by Dex.

3.3. Real Time RT-PCR. Gene expression of BSP, ALP, OPN,
nephronectin (Npnt), runt-related transcription factor 2
(Runx-2), dentine matrix protein-1 (DMP-1), bone morpho-
genetic protein-4 (BMP-4), collagen I (COL-1), and osteo-
calcin (OCN) were assessed by real time RT-PCR (Figure 3).
Among those, BSP (3.33 ± 0.19-fold), ALP (2.47 ± 0.15-fold),
and OPN (1.40 ± 0.01-fold) were significantly promoted by
Dex; concomitantly, the upregulation of the three genes was
completely impeded by SB202190 (20 𝜇M). On the contrary,
exposure to SP600125 (20𝜇M) further boosted the expression
of BSP (5.36±0.87-fold), while it did not affect ALP andOPN
expression as compared to Dex group. Moreover, PD98059
(20𝜇M) slightly upregulated ALP (3.06±0.05-fold) andOPN
(1.82 ± 0.13-fold) compared to Dex. There was no change in
relation to the expression of BSP after inclusion of PD98059.
Expression of Npnt (a newly discovered extracellular matrix
protein) was significantly promoted byDex (1.62±0.03-fold).
SB202190 and SP600125 did not affect the expression of Npnt,
but PD98059 slightly enhanced its expression (1.97 ± 0.11-
fold). mRNA expression of Runx-2 was marginally higher
in Dex group (1.09 ± 0.01-fold) than control. Similarly,
SB202190 repressed its expression while both SP600125 and
PD98059 upregulated it compared to Dex group. For the
rest of four genes, all were downregulated by Dex treatment,
remarkably, and OCN expression level was inhibited to
nearly 50% in Dex group. The expression profile of the four
genes modulated by the three inhibitors was similar, with

SB202190 downregulating and the other two upregulating the
expression.

To further characterize the mRNA expression of inte-
grins, the well-established cell surface receptors for a number
of extracellular proteins, total six types of integrins (integrin
alpha 1 (ITGA1), integrin alpha 3 (ITGA3), integrin alpha 5
(ITGA5), integrin alpha v (ITGAV); integrin beta 1 (ITGB1)
and integrin beta 5 (ITGB5)) were evaluated by real time
RT-PCR (Figure 4). Among the four alpha integrins, ITGA3
was markedly enhanced by Dex (1.80 ± 0.06 fold); the
upregulation was not altered by incorporation of SB202190
(1.70 ± 0.15-fold) but was further strengthened by SP600125
(2.33±0.14-fold) and PD98059 (2.10±0.04-fold). Expression
of both ITGA1 (0.75 ± 0.00-fold) and ITGAV (0.80 ± 0.00-
fold) was marginally retarded by Dex, while that of ITGA5
was unchanged in Dex group compared to control. Two beta
integrins (ITGB1 and ITGB5) were slightly promoted by Dex.
In agreement with the above noted trend, SB202190 inhibited
the expression of ITGA1, ITGA5, ITGAV, ITGB1, and ITGB5
while SP600125 and PD98059 enhanced them.

4. Discussion

Although the activation of MAPKs has been associated with
osteo/odontoblast differentiation and mineralization, it is
unclear as to which pathway plays a predominant role. In
the present study, to clarify the underlying signal pathways
involved in the differentiation and mineralization stimulated
by Dex, we used three MAPK inhibitors to investigate their
respective effects in a series of cell behavior. SB202190, a
pyridinyl imidazole, is cell permeable and highly selective
inhibitor of p38𝛼 and𝛽 isoforms. It shares structure similarity
with another p38 inhibitor-SB203580 and is usually used
as an alternative to SB203580. The specificity of SB202190
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Figure 3: Gene expression profile of osteogenesis related markers in culture containing SB202190, SP600125, or PD98059. MDPC-23 cells were
cultured as described in Materials and Methods. Total RNA was isolated on day seven and analyzed by reverse-transcription PCR with the
indicated primers illustrated in Table 1. Control means cells cultured in the presence of 𝛽-GP and AA, without Dex or any inhibitors. Dex
group means cells maintained in 𝛽-GP, AA, and Dex, without any inhibitors. The concentration for the three inhibitors was unified to be
20 𝜇M (a–e indicate significant differences between different characters in each panel, 𝑝 < 0.01).

toward p38 pathway was revealed by its low half maximal
inhibitory concentration (IC

50
) and failure to affect other

protein kinases [17]. SP600125 is a novel selective JNK1/2/3
inhibitor, which causes inhibition of phosphorylation of c-
Jun. Its IC

50
toward JNK1/2/3 was found to be as low as 1/272

of the value onERK2 or p38𝛽, indicating SP600125was highly
specific for JNK [18]. PD98059 binds to inactive forms of
MEK1 and prevents activation by upstream activators such
as c-Raf [19]. In the comparative study that compares 28
types of commercially available kinases inhibitors, PD98059
stands out by its superior specificity: it did not show any

inhibition activity at a concentration of 50𝜇M, by which
concentration ERK was inhibited [17]. The concentration of
each inhibitor used in the present experiment was based on
recommendations from the manufacturer. It was suggested
that the working concentration for SB202190, SP600125, and
PD98059 is 5–20𝜇M, 25–50 𝜇M, and 5–50 𝜇M, respectively.
To avoid causing cytotoxicity, we selected the lowest maximal
working concentration from SB202190 (20 𝜇M) for the exper-
iment.

Maintenance of a health pulp is a longstanding issue
and of critical importance, as teeth devitalized by root canal
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Figure 4:Gene expression profile of integrins in culture containing SB202190, SP600125, or PD98059.MDPC-23 cells were cultured in the same
way as Figure 3. Total RNA was isolated on day seven and analyzed by reverse-transcription PCR with the indicated primers illustrated in
Table 1. Control means cells cultured in the presence of 𝛽-GP and AA, without Dex or any inhibitors. Dex group means cells maintained
in 𝛽-GP, AA, and Dex, without any inhibitors. The concentration for the three inhibitors was unified to be 20 𝜇M (a–e indicate significant
differences between different characters in each panel, 𝑝 < 0.01 except for 𝑝 < 0.05 between Dex and Dex + PD98059 in ITGA3 panel;
𝑝 < 0.05 between Dex and Dex + SP600125 in ITGAV panel; 𝑝 < 0.05 between control and Dex in ITGB5 panel).

treatment become more vulnerable and prone to structural
failure over time. Odontoblasts share some common features
with osteoblasts: both of them secrete extracellular matrix
that undergoes mineralization [20, 21]. Nevertheless, the
uniqueness of the former lies in the fact that they are trapped
at the periphery of dental pulp and produce reparative
dentine in case of attrition, deep caries, or injury. The
implications of tooth devitalization have driven significant
interest in research with regard to the development of
bioactivematerials that facilitate the regeneration of damaged
pulp tissue by harnessing the capacity of dental pulp for
self-repair. Recently, there are a large number of in vitro
and in vivo studies that investigated the relevant role of
p38, JNK, and ERK throughout the osteoblast/odontoblast
differentiation process, frommesenchymal stem cells to fully
committed anabolic osteoblast/odontoblast-like cell lines.
For example, p38 phosphorylation was increased in an in
vitro caries model established by addition of Streptococcus
mutans in MDPC-23 cell [22]. Importantly, although ERK
was activated in parallel with p38MAPK in the differentiation
of primary calvarial osteoblast, inhibition of ERK did not
affect osteoblast differentiation in terms of ALP activity
and mineral deposition, while inhibition of p38 significantly

suppressed the ALP activity and mineralization [23]. On the
other hand, JNK signal pathway was noted to be required
for late stage differentiation in both MC3T3-E1 cells and pri-
mary calvarial osteoblasts, as demonstrated by a significant
inhibition of OCN and BSP expression [24]. Phosphorylation
of p38, JNK, and ERK was increased by fucoidan, a type of
polysaccharide, during the differentiation process of human
alveolar bone marrow mesenchymal stem cells, but it was
found that osteogenic differentiation induced by fucoidan
was inhibited by SP600125 and PD98059 but not SB203580
(another type of p38 inhibitor) [25]. More recently, a study
using calcium hydroxide, the commonly used pulp capping
material, in dental pulp stem cells (DPSCs) has revealed p38,
JNK, and ERK are all responsible for enhanced differentiation
in DPSCs [26].

Here, we showed that inhibition of p38 signaling path-
way by SB202190 interfered with the differentiation and
mineralization process of the MDPC-23 cell. ALP activity,
an important parameter for evaluating initiation but not
progression of osteoblast/odontoblast differentiation, was
completely blocked by this p38 inhibitor; in comparison,
the treatment of SP600125 and PD98059 did not alter the
ALP activity as compared to Dex group, reflecting that ALP
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activity upregulation stimulated by Dex was predominantly
regulated via p38 signaling pathway, neither JNK nor ERK
pathways.

Next, real time RT-PCR was conducted to assess multiple
hard tissue forming genes. In contradiction to the results
presented by Kim et al. [25], it was found that expression
of BSP, ALP, and OPN, three classical osteogenesis markers,
was completely inhibited in cell treated with SB202190 but
not SP600125 or PD98059. The discrepancy may be caused
by different cell type and stimulant used for osteogenic
induction. Npnt, recently reported to be able to induce the
differentiation of MDPC-23 cell into an odontoblast-like
phenotype [27], was upregulated by Dex at the concentration
of 100 nM to 1.6-fold more than control; its expression
was unaffected by the treatment with neither SB202190
nor SP600125, but that PD98059 slightly enhanced it. The
observation denoted that some other signal pathways are
involved in the Dex-mediated upregulation of Npnt. Indeed,
a recent work demonstrated that Wnt/𝛽-catenin signaling
pathway is responsible for the activation of Npnt by Wnt3a
in MC3T3-E1 cell [28]. Whether the same signaling pathway
is required in Dex-induced Npnt expression awaits further
investigation. Marginal upregulation of Runx-2 (or core-
binding factor subunit alpha-1, CBF-𝛼1) was detected and
that inhibition of p38 downregulated the expression, while
inhibition of JNK and ERK upregulates it. This correlates
well with a study by Lee et al. [29], who showed that strong
induction of Runx-2 using a p38 activator (anisomycin)
was blocked by the addition of SB203580 (a specific p38
inhibitor). This further demonstrated that p38 signaling
pathway is positively involved in the regulation of Runx-
2 expression. DMP-1, an acidic protein found in mineral
phase of vertebrates and invertebrates, is a key regulatory
protein of odontogenesis [30]. We found that p38 inhibition
led to a significant reduction of DMP-1 expression, while JNK
and ERK inhibition enhanced it. Previously, it was reported
that downregulation of DMP-1 in KN-3 cell (rat incisors
dental papilla derived cell line) initiated by interferon-𝛾
(IFN-𝛾), a proinflammatory cytokine, was achieved through
the phosphorylation of p38 MAPK [31]. BMP-4 is a potent
inducer for odontoblast differentiation [32], it is shown that
there was no change in terms of the gene expression for
DMP-1 and BMP-4 upon treatment by Dex. Since BSP, ALP,
and OPN are well-established osteogenic factors, the data
denoted Dex may induce the transdifferentiation of MDPC-
23 cells into osteoblast. Similarly, the inhibition of BMP-4
and COL1A1 by SB202190 indicated that gene expression of
bothmay be partially regulated via the p38 signaling pathway.
Indeed, Tan et al. [33] found that the upregulation of BMP-4
activated by CCN3 was abrogated by p38 and JNK inhibitors.
COL1A1, the gene encoding alpha chain of type I collagen,
was inhibited by exposure to SB202190 and promoted by
PD98059, denoting that this gene is regulated by p38 andERK
signaling pathway and unaffected by JNK. Finally, the OCN
expression was significantly downregulated by Dex, although
there was slight reduction of expression in SB202190 group,
and the difference was not evident, suggesting that some
other signaling pathways might be involved.

As cell matrix is regulated to a large extent by sur-
face receptors such as integrin, we further expanded our
investigation to analyze the gene expression of integrin
stimulated by Dex and MAPK inhibitors. Thus far, there
are 24 known integrins. We characterized six subtypes of
integrin (ITGA1, ITGA3, ITGA5, and ITGAV and ITGB1
and ITGB5) by real time RT-PCR. ITGB1, a ubiquitously
expressed integrin, was promoted. Indeed, in vivo ITGB1
knockout mice were found to exhibit delayed eruption of
molars, indicating that it was indispensable for the tooth
development [34]. Among the four alpha integrins, only
ITGA3 was significantly promoted by Dex, and SB202190 did
not impact the expression of ITGA3, denoting that p38 is not
involved in the regulation of ITGA3 expression.There was no
change in terms of ITGA5 expression after exposure to Dex,
but ITGA1 and ITGAV were downregulated. Furthermore,
SB202190 markedly downregulates the expression of ITGA1,
ITGA5, ITGAV, ITGB1, and ITGB5. In contrast, SP600125
and PD98059 significantly enhanced the expression of all the
integrins. It is thus suggested that Dex induced an altered
integrin expression pattern, which were further changed by
the exposure to MAPK inhibitors.

Dentine undergoes continuousmatrix deposition. Odon-
toblasts are cells that line the periphery of the pulp and
responsible for dentine matrix secretion and mineralization.
In the case of injury, certain signaling pathways in odon-
toblasts are activated by inflammatory factors to initiate
wound healing process. Among various pathways inside a
cell, MAPKs are a family of enzymes that are implicated in
a series of processes. Here, we established the mineralization
and differentiation model in MDPC-23 cell by stimulating it
with Dex and identified the signaling pathways of switching
odontoblasts from quiescent state to active secretion state.
We selected three specific MAPKs inhibitors and clarified
their effects when added to cell culture media. The results,
which correlate well with previous literatures, underline
a critical role of p38 in the regulation of differentiation
and mineralization in MDPC-23 cell. Qin et al. examined
differentiation of human dental pulp cells into odontoblasts
using bone morphogenetic protein-2 (BMP-2) and detected
enhanced phosphorylation of p38𝛼; moreover, knock-down
of this pathway inhibitedALP activity andmineralization and
suppression of p38𝛼 attenuated odontoblastic differentiation
[35]. Another comparative study of early and late stage
odontoblasts suggested that p38 was intensively expressed
by early stage odontoblasts and disappeared in late stage
odontoblasts, denoting that it was involved in the primary
dentine formation [36]. Interestingly, Yu et al. purified human
dentin matrix proteins cocktail and added them to bone
marrow-derived mesenchymal stem cells to find that both
ERK and p38 were phosphorylated, and inhibition of this
two pathways simultaneously suppressed mineralization and
gene expression of osterix and DSPP [37]. It is hence should
be pointed out that, due to the differences in stimulants, cell
types, and experiment design, the potential effects of p38,
JNK, and ERK reported in literatures are not always the same,
sometimes even contradictory. One should thus be careful to
interpret the data in published literatures.
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In the present work, we used Dex as a mineralization
inducer to establish an in vitro differentiation model in
MDPC-23 cell and compared the effects of three specific
inhibitors to p38, JNK, and ERK. Despite the limitations of
the current experiment, it is suggested that p38 signaling
pathway emerges to be an important member in the regula-
tion of differentiation and mineralization of MDPC-23 cell.

5. Conclusion

To summarize, analysis of the data presented by the current
study demonstrated that addition of Dex into the mineral-
ization media accelerated differentiation and mineralization
in MDPC-23 cell and that inhibition of the MAPK pathways
(p38, JNK, and ERK) identified SB202190, a specific p38
MAPK inhibitor completely blocked the ALP activity, expres-
sion of osteogenesis markers including BSP, ALP, and OPN,
andmineralization. As shown above, there are several studies
on Dex-induced signaling via MAPKs regulating osteogenic
differentiation and mineralization in other cell types; how-
ever, none has reported those effects in odontoblast-like cell.
Benefit from the current work provides a possible rationale
for future work to use small-molecule activators toward p38
as a treating modality for induction of hard tissue formation
in dental pulp lesion.
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